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SEMI-CLOSED LOOP ALGA-DIESEL FUEL PHOTOBIOREACTOR
USING WASTE WATER

Field of the Invention

[0001] The present invention generally relates to the field of algae fuel bioreactors, and

more particularly relates to an alga-diesel fuel photobioreactor using waste water.

Background of the Invention

[0002] Production of algae oils for refinement to create diesel fuels has been produced in

open ponds using waste water as a food for the algae. Various approaches of algae production

are known in the art. Photobioreactors have been described using shallow lagoons agitated

with one or several paddle wheels. The photobioreactors of this first generation have the

disadvantage of offering poor productivity to the seasonal and daily climatic variations and are

thus to be confined to tropical and subtropical areas. They also have the disadvantage of being

prone to a variety of contaminations including other algae species.

[0003] Other approaches to algae production have emerged over the past years. An

example is the use of closed cultivating systems which have gained popularity because they

address most of the limitations of the conventional shallow lagoon designs. The most popular

closed cultivating systems are the tubular photobioreactors whose configuration allows high

production rates due to the optimization of their light path, their temperature control and their

culture mixture. This second generation of photobioreactors allows for an automated control

and a more effective management. It also allows the pH of the culture medium to be lowered.

Examples of tubular photobioreactors are shown in U.S. Pat. Nos. 5,137,828; 5,242,827 and

6,174,720. These closed loop systems require many supplements to be added to provide

nutrients for algae growth.

[0004] Artificial light has been applied as an energy source for the growth of microalgae

in Photobioreactors of various shapes. Examples of these photobioreactors are provided in

U.S. Pat. Nos. 5,104,803 and 5,614,378. Adhesions of microalgae occur in a natural manner,

particularly on the walls where light is emitted. The effect of adhesion of microalgae on the

photobioreactor wall causes a reduction in the culture exposed to the light and raises the risks

of contamination.



[0005] Although many photobioreactors have been proposed in the prior art, and there

have been attempts to create diesel fuel using algae feeding on waste water, there is still a need

for an improved diesel photobioreactor that enables volume production efficiencies at a cost

effective basis for a commercial application.

[0006] Therefore, a need exists to overcome the problems with the prior art as discussed

above.

Summary of the Invention

[0007] According to various embodiments of the present invention, a semi-closed loop

diesel photobioreactor system is used to produce diesel fuel from wild algae, or from

specialized algae that has been biologically modified for high efficiency oil production, using

waste water as a primary food source. The diesel photobioreactor system provides a semi-

closed loop system with an opening to acquire waste water below the surface to obtain waste

water nutrients and to protect the algae species from contamination. A semi-closed loop diesel

photobioreactor container can be designed in a variety of shapes with a tube design as the

preferred embodiment for containing a liquid culture medium for cultivating photosynthetic

organisms. The system can utilize natural light and can also deploy an innovative lighting

system integrated into the bioreactor tube. The diesel photobioreactor container also has

cleaning devices mounted within the container for cleaning the surface of the photobioreactor

tube.

[0008] According to one embodiment, a semi-closed loop system for algae production of

diesel oil using waste water as the primary nutrient and the byproducts of this process is offered

to address the issues described above. The semi-closed loop system draws waste water into the

photobioreactor tube to supply nutrients supporting the algae culture. The semi-closed loop

photobioreactor is designed as a controlled environment to enable high efficiency algae

production. The semi-closed loop photobioreactor container is designed with an integrated

lighting system that reduces microalgae adhesion. The semi-closed loop photobioreactor

system, for example, uses a brush system pushed or pulled through the photobioreactor

container tube to clean the inside of the photobioreactor tube. For examples see FIGs. 7 and 8.

As illustrated in FIG. 7, a cleaning device can be moved through the photobioreactor tube 702

by water propulsion (indicated by the arrows 704) through the tube, thereby cleaning the inner

sides of the tube 702 as the device passes through the tube. One example of such cleaning



device comprises one or more brushes 706 that are pushed through the tube 702 by water

propulsion 704. A second example of the device comprises a cleaning solvent or microbes

(either or both represented by 708) that may be used to clean the inner surface of the

photobioreactor tube 702. Additionally, a cleaning device 804 can be pushed-pulled through

the photobioreactor tube 802 by magnetic propulsion 807, thereby cleaning the inner side of the

tube 802 as the cleaning device 804 passes through the tube 802. For example, a cleaning

brush device 804 includes a magnet 805 inserted inside the cleaning device 804. A second

magnet 806 is moved 810 along the outside of the photobioreactor tube 802. Magnetic

propulsion 807 causes the cleaning brush device 804 inside the tube 802 to move 812

according to the movement 810 of the second magnet 806 outside of the photobioreactor tube

802. The cleaning brush device 804 deployed inside the tube is drawn through the tube 802 by

the second magnet passing along the outside of the tube, thereby cleaning the inner sides of the

tube as the cleaning brush device 804 passes through the tube 802. The example of a cleaning

brush device 804 is not limiting. It is only one example of many different types of cleaning

devices 804 that can be moved inside the tube 802. Additionally, while the examples of

propulsion illustrated above include water propulsion and magnetic propulsion. These are non-

limiting examples of many different types of propulsion that move cleaning devices 706, 708,

804, inside the bioreactor tube 702, 802. For example, one or more guide wires, or similar

mechanism, can be attached to the cleaning device 706 inside the tube 702. The guide wires

pull (either forward or backward) the cleaning device 706 through the tube 702 thereby moving

the cleaning device 706 (which in one example includes one or more brushes) to clean the

inner side of the tube 702.

[0009] The semi-closed loop photobioreactor system provides greater efficiency and

productivity, for either wild and/or biologically modified algae species over open pond system

through management and control of the environment, optional use of assisted artificial light as

an energy source for photosynthesis and the deployment of an automated cleaning process for

the photobioreactor tube.

[0010] The semi-closed loop system can be a closed loop photobioreactor with a pipe

extended into a waste water holding area to draw waste water and materials into the

photobioreactor.



[0011] Sewage treatment or domestic wastewater treatment facilities perform the process

of removing contaminants from wastewater, both runoff (effluents) and domestic. It includes

physical, chemical and biological processes to remove physical, chemical, and biological

contaminants. Its objective is to produce a waste stream (or treated effluent) and a solid waste

or sludge suitable for discharge or reuse back into the environment. The semi-closed loop

photobioreactor system uses the waste water effluent at multiple stages of treatment as

nutrients for the production of diesel fuel from algae.

[0012] Typical micro nutrients used in algae growth are: Ca, Cu, Fe, Mg, Mn, Mo,

K, and Zn.

[0013] A concentrated nutrient source can be created by subjecting the waste water

effluent to very high pressure prior to introducing the waste water to the photobioreacor. This

process increases exchange between the nutrients and the algae culture.

[0014] According to one embodiment, an integrated lighting system using light tubes

supports high efficiency algae production environment. The integrated lighting system,

according to one embodiment, is deployed within the photobioreactor tube and is constructed

of materials that greatly reduce or eliminate micro-algae adhesion to the lighting system. The

deployment of the lighting system within the photobioreactor tube greatly reduces or eliminates

the area on the photobioreactor tube that micro-algae would naturally adhere to.

[0015] Transparent hollow light tubes, in contrast to an optical fiber which has a solid

core, include a prism light guide that directs light through air and is therefore referred to as

hollow light guide. The light tubes, according to one embodiment, are integrated into the sides

of the photobioreactor tubes.

[0016] A scrub brush, according to one embodiment, is deployed within the

photobioreactor tube and is pushed or pulled through the tube to clean the inside of the

photobioreactor tube and lighting system.

Brief Description of the Drawings

[0017] The accompanying figures where like reference numerals refer to identical or

functionally similar elements throughout the separate views, and which together with the



detailed description below are incorporated in and form part of the specification, serve to

further illustrate various embodiments and to explain various principles and advantages all in

accordance with the present invention, in which:

[0018] FIG. 1 is a cross section of an example of a photobioreactor tube, according to

one embodiment of the present invention;

[0019] FIG. 2 is block diagram illustrating an example of a diesel fuel photobioreactor

system according to one embodiment of the present invention;

[0020] FIG. 3 is a graph illustrating sulfur lamp spectra;

[0021] FIG. 4 shows an example of a vertical photobioreactor system, according to one

embodiment of the present invention;

[0022] FIG. 5 shows an example of a vertical photobioreactor system with integrated

light system, according to one embodiment of the present invention;

[0023] FIG. 6 is a picture of an example of a pediastrum algae;

[0024] FIG. 7 is a side view of a photobioreactor tube, according to one embodiment of

the present invention; and

[0025] FIG. 8 is a side view of a photobioreactor tube, according to one embodiment of

the present invention.

Detailed Description

[0026] As required, detailed embodiments of the present invention are disclosed herein;

however, it is to be understood that the disclosed embodiments are merely examples of the

invention, which can be embodied in various forms. Therefore, specific structural and

functional details disclosed herein are not to be interpreted as limiting, but merely as a basis for

the claims and as a representative basis for teaching one skilled in the art to variously employ

the present invention in virtually any appropriately detailed structure and function. Further, the

terms and phrases used herein are not intended to be limiting; but rather, to provide an

understandable description of the invention.



[0027] The terms "a" or "an", as used herein, are defined as one or more than one. The

term plurality, as used herein, is defined as two or more than two. The term another, as used

herein, is defined as at least a second or more. The terms including and/or having, as used

herein, are defined as comprising (i.e., open language). The term coupled, as used herein, is

defined as connected, although not necessarily directly, and not necessarily mechanically.

[0028] A semi-closed loop diesel photobioreactor and production method of diesel fuel

from wild algae or from specialized algae that has been biologically modified for high

efficiency oil production using waste water as a primary food source is disclosed. The diesel

photobioreactor provides a semi closed loop system with an opening to acquire waste water

below the surface to obtain waste water nutrients and to protect the algae species from

contamination. The semi-closed loop diesel photobioreactor can be designed in a variety of

shapes with a tube design as the preferred embodiment containing a liquid culture medium for

cultivating photosynthetic organisms. The system can utilize natural light and can also deploy

an innovative lighting system integrated into the bioreactor tube. The diesel photobioreactor

also has cleaning devices mounted within the container for cleaning the surface of the

photobioreactor tube.

[0029] The semi-closed loop system is described as a closed loop photobioreactor with a

pipe extended into a waste water holding area to draw waste water and materials into the

photobioreactor.

[0030] Although any one or more of the algae species naturally found in waste water may

be used, various embodiments of the present invention preferably use microalgae. Microalgae

has a simple structure, a fast growth rate, and high oil content (for some species). An example

of a diatom microalgae is the Pediastrum Duplex (see FIG. 6) which is in the Chlorophycease

family. Commercial interests for large scale algal-cultivation systems could tie into existing

infrastructures, such as sewage treatment facilities. This approach not only provides the raw

materials for the system, such as CO and nutrients; but it changes those wastes into resources.

[0031] Sewage treatment or domestic wastewater treatment facilities perform the process

of removing contaminants from wastewater, both runoff (effluents) and domestic. It includes

physical, chemical and biological processes to remove physical, chemical and biological

contaminants. Its objective is to produce a waste stream (or treated effluent) and a solid waste

or sludge suitable for discharge or reuse back into the environment. A system, according to



one embodiment, uses the waste water effluent at multiple stages of treatment as nutrients for

the production of diesel from algae using a semi-closed loop photobioreactor.

[0032] The sewage treatment involves three stages called primary, secondary, and

tertiary treatment. First, the solids are separated from the wastewater stream. Then dissolved

biological matter is progressively converted into a solid mass by using indigenous, water-borne

microorganisms. Finally, the biological solids are neutralized then disposed of or re-used, and

the treated water may be disinfected chemically or physically (for example by lagoons and

micro-filtration). The final effluent can be discharged into a stream, river, bay, lagoon or

wetland, or it can be used for the irrigation of a golf course, green way or park. If it is

sufficiently clean, it can also be used for groundwater recharge.

[0033] Typical micro nutrients used in algae growth are: Ca, Cu, Fe, Mg, Mn, Mo,

K, and Zn.

[0034] Algae reproduce by cellular division. They divide and divide until they fill the

space they occupy and have consumed all of the nutrients in it. In the right environment, fresh

algae cells grow and divide on a rapidly growing path, absorbing all available nutrients and

light energy through photosynthesis. When the concentration of algae in the photobioreactor is

high enough that light does not penetrate through the entire culture, the algae grows slower.

This is called dark cycle photosynthesis. When the algae population fills the entire growth

vessel and reaches a terminal density, it stops growing. As algae growth slows it generates

more oil. The diesel photobioreactor optimizes growth cycles to induce oil production in the

algae cells through controlling the algae photobioreactor environment creating optimum growth

and no-growth states.

[0035] To capture the algae from the photobioreactor, algae is aggregated into larger

more separable particles that allow for in-situ collection with continuous production. One

method of aggregation is the exposure of algae to an ultrasonic wave.

[0036] There are three well-known methods to extract the oil from oilseeds, and these

methods apply equally well for algae.

[0037] Expeller/Press is a mechanical method for extracting oil from raw materials. The

raw materials are squeezed under high pressure in a single step. When used for the extraction

of food oils and algae, which are supplied to the press in a continuous feed, expeller presses



can recover 75% of the oil from algae. As the raw material is pressed, friction causes it to heat

up.

[0038] Supercritical Fluid extraction can extract almost 100% of the oils all by itself.

This method however needs special equipment for containment and pressure. In the

supercritical fluid/CO2 extraction, CO2 is liquefied under pressure and heated to the point that

it has the properties of both a liquid and gas. This liquefied fluid then acts as the solvent in

extracting the oil.

[0039] Hexane Solvent Extraction can be used in isolation or it can be used along with

the oil press/expeller method. After the oil has been extracted using an expeller, the remaining

pulp can be mixed with cyclo-hexane to extract the remaining oil content. The oil dissolves in

the cyclohexane, and the pulp is filtered out from the solution. The oil and cyclohexane are

separated by means of distillation. These two stages (cold press & hexane solvent) together

will be able to derive more than 95% of the total oil present in the algae.

[0040] Conventional mechanical methods are used to separate the oil, water and algae

mass. The water is recycled back into the system, the oil is packaged for refining and

distribution, and the algae mass is devoted to various "green" applications like animal feed,

ethanol and construction materials.

[0041] After harvesting the algae, the diesel photobioreactor is flushed and cleaned in

preparation for the next algae cycle.

[0042] Concentrated nutrients are created by subjecting the waste water to very high

pressure prior to introducing the waste water to the photobioreacor. This process breaks the

nutrients into smaller particles enabling increased surface area between the nutrients and the

algae culture.

[0043] An integrated lighting system using light tubes supports a high efficiency algae

production environment. The integrated lighting system, according to one embodiment, is

deployed within the photobioreactor tube and is constructed of materials that greatly reduce or

eliminate microalgae adhesion to the lighting system. The deployment of the lighting system

within the photobioreactor eliminates the area on the photobioreactor tube that microalgae

would naturally adhere to.



[0044] Transparent hollow light tubes, in contrast to an optical fiber which has a solid

core, use a prism light guide that leads the light through air and is therefore referred to as

hollow light guide. The light tubes are integrated into the sides of the photobioreactor tubes.

[0045] In one embodiment, a prism light guide is used in lighting for both transport and

distribution of light. An optical lighting film can be used to create the light pipe providing a

uniform distribution of the light over the entire length of the light pipe. A thin film

incorporating microscopic prisms can be coupled with artificial light sources. An example of

the thin film is the Light Tube ™ from 3M. An example of artificial light sources is a sulfur

lamp.

[0046] Sulfur plasma consists mainly of dimer molecules (S2), which generate the light

through molecular emission. The emission spectrum is continuous throughout the visible

spectrum. The lamp's output is low in infrared energy, and less than 1% is ultraviolet light. As

much as 73% of the emitted radiation is in the visible spectrum, far more than other types of

lamps. The visible light output mimics sunlight better than any other artificial light source and

lacks the harmful ultraviolet radiation. An example of a sulfur plasma light source is the

Fusion Light Drive ™ commercially available from Fusion Lighting.

[0047] The spectral output peaks at 510 nanometers, imparting a distinctly greenish hue

to the illuminated environment. The correlated color temperature is approximately 6000

kelvins with a CRI of 79. The lamp can be dimmed to 15% without affecting the light quality,

and light output remains constant over the life of the bulb.

[0048] The spectrum of the sulfur lamp is shown in FIG. 3. This figure also shows the

spectrum of sunlight. It is obvious that the spectrum of the sulfur lamp corresponds quite

closely with that of sunlight so that viewing under the sulfur lamp has practically the same

appearance as viewing under sunlight conditions. The color temperature of the Fusion Light

Drive™ 1000 watt lamp is about 60000K.

[0049] As compared to the sunlight, the ultraviolet radiation is even lower, for

wavelengths of < 380mm, it is only 0.14%. The same comment applies to the infrared

radiation: for wavelengths > 780mm, it is less than 8%. These last two figures mean that when

using this light source, a significantly lower level of ultraviolet radiation affecting the materials

is exposed. This also means that algae growth under this lamp will be significantly greater



when compared to other lighting technologies and even sunlight. It also may be estimated that

the heat load will be more favorable as a result of the lower infrared content, as compared to

sunlight.

[0050] Certain wavelengths can be damaging in terms of biomass yield. The light pipe

can be tuned in a variety of methods such as using filters or dyes. The optimum wavelength

will be defined for the specific algae species selected.

[0051] The (OLF): Optical Light Film from 3M causes light to be refracted in such a

manner that when light hits the surface of the film at low angles it is totally reflected internally.

The film can be formed into a cylinder (a light tube) with a sulfur light source at one end. The

sulfur light source is optically coupled with the light tube. The light generated by the source

will be contained within the cylinder (light tube). This is how the light pipe (or light tube) was

developed. The outside of the light pipe radiates the light. None of the light needs to be lost if

a mirror that reflects the light is installed at the opposite end of the cylinder. The cylinder will

radiate the light with extremely good uniformity. The cylinder with its diameter of about 250

mm can be compared with a giant fluorescent tube. It is also possible to mask part of the light

pipe (light tube) circumference with a reflective film. A construction of this nature, according

to one embodiment, can be fitted into a photobioreactor tube with the light radiating into the

photobioreactor tube in a very uniform manner.

[0052] In another embodiment, such as illustrated in FIG. 4, one or more light tubes are

integrated into a vertical flow system where the culture media and algae are inserted at the top

of a vertical flow system. The light tubes are integrated into the vertical flow system to provide

an even distribution of controlled lighting for the photobioreactor.

[0053] In another embodiment, such as illustrated in FIG. 5, one or more light tubes are

placed adjacent to the photobioreactor tubes.

[0054] Biologists have categorized microalgae in a variety of classes, mainly

distinguished by their pigmentation, life cycle and basic cellular structure. Microphytes are

microscopic algae, typically found in freshwater and marine systems, and are often called

microalgae.

[0055] Microalgae are unicellular species which exist individually, or in chains or

groups. Depending on the species, their sizes can range from a few micrometers (µm) to a few



hundreds of micrometers. In addition, because the cells grow in aqueous suspension, they have

more efficient access to water, CO , and other nutrients.

[0056] Two important categories for the production of diesel oil are:

[0057] The diatoms (Bacillariophyceae). These algae dominate the phytoplankton of the

oceans, but are also found in fresh and brackish water. Approximately 100,000 species are

known to exist. Diatoms contain polymerized silica (Si) in their cell walls. All cells store

carbon in a variety of forms. Diatoms store carbon in the form of natural oils or as a polymer of

carbohydrates known as chyrsolaminarin.

[0058] The golden algae (Chrysophyceae) is a group of algae that is similar to the

diatoms. They have more complex pigment systems, and can appear yellow, brown or orange

in color. Approximately 1,000 species are known to exist primarily in freshwater systems.

They are similar to diatoms in pigmentation and biochemical composition. The golden algae

produce natural oils and carbohydrates as storage compounds.

[0059] It should be noted that besides diatoms, various types of algae such as the green

algae may be used.

[0060] The coupling of the semi-closed loop algae photobioreactor using waste water as a

nutrient for the generation of alga oil and the refinement to diesel and other byproducts with a

waste water treatment facility offers substantial economic benefits.

[0061] Although specific embodiments of the invention have been disclosed, those

having ordinary skill in the art will understand that changes can be made to the specific

embodiments without departing from the spirit and scope of the invention. The scope of the

invention is not to be restricted, therefore, to the specific embodiments, and it is intended that

the appended claims cover any and all such applications, modifications, and embodiments

within the scope of the present invention.

[0062] What is claimed is:



CLAIMS

1. A diesel photobioreactor system, comprising:

a semi-closed loop container that draws waste water to supply nutrients and create a

culture medium for photosynthetic organisms to a photobioreactor constructed from materials

that efficiently allow light into the container for cultivating photosynthetic organisms.

2. The diesel photobioreactor system of Claim 1, wherein the container comprises a tube

like structure.

3. The diesel photobioreactor system of Claim 1, wherein the container is constructed as a

vertical flow device where the culture medium and algae are inserted in the top of a continuous

flow tube and move horizontally to one or more ports that allow the culture medium and algae

to flow down to a next level, and this process is repeated until it reaches a bottom tube where

the culture medium and algae are pumped back to the top of the vertical flow device or passed

to outside of the vertical flow device to a next process.

4. The diesel photobioreactor system of Claim 1, wherein the container comprises a

photobioreactor tube, and the system further comprising a set of cleaning brushes that are

movably located in the container and are moved by water pressure through the container to

clean the inner surface of the photobioreactor tube.

5. The diesel photobioreactor system of Claim 1, further comprising a cleaning device that

is moved through the photobioreactor tube by water propulsion through the tube, cleaning the

inner sides of the tube as the cleaning device passes through the tube.

6. The diesel photobioreactor system of Claim 5, wherein the cleaning device comprises a

cleaning solvent or microbes that are used to clean the inner surface of the photobioreactor

tube.

7. The diesel photobioreactor system of Claim 1, further comprising a cleaning device that

is moved through the photobioreactor tube by magnetic propulsion, wherein a magnet is

located in the cleaning device deployed inside the tube, and the cleaning device with the



magnet is drawn through the tube by a second magnet passing along the outside of the tube,

thereby cleaning the inner side of the tube as the cleaning device passes through the tube.

8. The diesel photobioreactor system of Claim 1, further comprising a cleaning device

deployed outside of the photobioreactor tube, the cleaning device using clean water and

brushing to clean the outer surface of the photobioreactor tube.

9. The diesel photobioreactor system of Claim 1, wherein carbon-dioxide is provided in

the photobioreactor tube to stimulate algae growth.

10. The diesel photobioreactor system of Claim 1, wherein the system comprises a closed

loop system to protect the selected algae species from being contaminated by other algae

species and bacteria and to control optimum waste water temperature, PH, carbon-dioxide

concentration, gas composition, and irradiance.

11. The diesel photobioreactor system of Claim 1, wherein the system is monitored on a

real-time basis for contamination by other algae species and bacteria, waste water temperature,

PH, carbon-dioxide concentration, gas composition, and irradiance.

12. The diesel photobioreactor system of Claim 1, wherein the system is regulated on a

real-time basis for waste water temperature, PH, carbon-dioxide concentration, conductivity,

light, gas composition, and irradiance.

13. The diesel photobioreactor system of Claim 1, wherein the waste water is subjected to

high pressure prior to being introduced to the photobioreactor system.

14. The diesel photobioreactor system of Claim 1, further comprising a light tube used to

distribute controlled light across the photobioreactor tube.

15. The diesel photobioreactor system of Claim 14, further comprising a sulfur light source

lamp, optically coupled with the light tube, and used as a light source for the light tube.



16. The diesel photobioreactor system of Claim 14, wherein natural sunlight or moonlight

is used as a light source for the light tube.

17. The diesel photobioreactor system of Claim 14, wherein concentrated sunlight or

moonlight is used as a light source for the light tube.

18. The diesel photobioreactor system of Claim 14, wherein the light tube is placed in close

proximity to the photobioreacture tube.

19. The diesel photobioreactor system of Claim 14, wherein the light spectrum is adjusted

for optimum algae growth.

20. A method for cultivating photosynthetic organisms that are used to produce diesel fuel,

the method comprising:

inserting photosynthetic algae organisms and culture medium in a first photobioreactor

tube;

moving the algae and culture medium horizontally through the first photobioreactor

tube;

moving the algae and culture medium through a port out of the first photobioreactor

tube and flowing through another port into a second photobioreactor tube at a lower level;

moving the algae and culture medium horizontally through the second photobioreactor

tube; and

irradiating light into the first and second photobioreactor tubes for cultivating the

photosynthetic algae organisms that are used to produce diesel fuel.

21. The method of claim 20, further comprising:

pumping the algae and culture medium back up to the first photobioreactor tube to

repeat a cultivation process for cultivating the photosynthetic algae organisms.
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