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The Disclaimers, Legal Stuff and Butt-Covering Section:
© Copyright June 2009 David Sieg, Information Specialists, Corp.

ALL RIGHTS RESERVED. No part of this report may be reproduced or transmitted in any form

whatsoever, electronic, or mechanical, including photocopying, recording, or by any informational
storage or retrieval system without express written, dated and signed permission from the author.

You are free to give this report away. As long as all text, links and formatting
remain the same.

© 2009 David Sieg - All Rights Reserved. Making Algae Photo Bioreactors at Home™

Liability Disclaimer: By reading this document, you assume all risks associated with using the advice given
below, with a full understanding that you, solely, are responsible for anything that may occur as a result of
putting this information into action in any way, and regardless of your interpretation of the advice. You further
agree that our company cannot be held responsible in any way for the success or failure of your enterprise as a
result of the information presented below. It is your responsibility to conduct your own due diligence regarding
the safe and successful operation of your enterprise if you intend to apply any of our information in any way to
your operations.

In summary, you understand that we make absolutely no guarantees regarding the outcome as a result
of applying this information, as well as the fact that you are solely responsible for the results of any
action taken on your part as a result of this information.

Terms of Use, Personal-Usage License This document is free — You are free to use this information
as well as share it.

Furthermore, you are given a transferable, “personal use” license to this product. You can distribute it to any
other individual or share it on the internet as long as no changes are made to the text, formatting and links
remain intact. It goes without saying then that this personal use license DOES NOT include any sort of
“resale rights” license or “private label” licensing whatsoever.

Legal action will be taken on anyone who violates our copyright, and/or patent ownership.
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These guides were written with the intent of providing “Down and Dirty”
realistic, no BS, info on all aspects of the biodiesel process. If you liked this
EBook, we’d like to hear about it.

If you didn’t like it, WE’D REALLY LIKE TO HEAR ABOUT IT. Your

comments will help make future editions of this eBook even better. Don’t
hesitate to sound off.

Send all comments, complaints, criticisms, and compliments to
dsieg@making-biodiesel-books.com

Other Books in the “"Down and Dirty” Biodiesel Series ™:

Making Algae Biodiesel at Home ™ (New 2010 Edition coming Dec. 2009)
e Making Algae Photo Bioreactors at Home ™ (in production)

e The Encyclopedia of Making Biodiesel at home

e Biodiesel Recipes

e Biodiesel Processors
e Washing and Quality Testing Biodiesel
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Introduction

Don’t be fooled by the price... The manuscript you hold in your hands is
valuable.

I know of no other like it. ANYWHERE. When | went looking for a lab unit, |
saw similar PBR’s selling for $10,000 -$20,000 USD or more. This is a full
scale, working, patent-pending lab unit. The reason I’'m giving it away for
free is because this is a first generation design. It doesn’t have all the bells
and whistles. The designs that came after, and in the (upcoming) eBook, are
much better, and more refined.

It is, however, better than anything you can find anywhere on the internet.
The PBR’s presented here all met various criteria. Among other things they...

e All are scalable and can be built in different sizes

e All are made easily, from materials at hand.

e All are made using basic hand tools.

e All are inexpensive to reproduce.

e All are functional, work, and perform the job they are built for.

This is one small part, of a much larger work called “Making Algae Photo
Bioreactors at Home.” The complete manuscript will have many different
sized PBR’s, from small scale algae “incubators,” to lab units, to full sized,
scalable, PBR’s to “continuous” PBR’s for just about any algal application.
These designs are patent-pending and will be 1SO 9000 certified as well.

In short, they are the real deal.

This design presented in this “Sneak Preview” is a 10 cell “batch” Photo
bioreactor. This was developed to test different strains of algae and/or 10
different variables, at the same time, when testing algae.

One of the big drawbacks of testing algae is you make one change, stop,
wait for sometimes days, to see if it has the desired reaction. More times
than not, it doesn’t, and it is back to the drawing board. It is slow, tedious,
pain-staking, work. This PBR is designed to solve that problem.

With this PBR you’re able to test 10 different strains and/or variables at
once.
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The best part is, you can build it yourself for less than $400 USD.
Advantages:

e Easily built using readily available parts.

e Easily test 10 different algal strains to determine which one is best for
your situation.

e Easily test 10 different variables at once, to see which one works best.

e Easy to take apart and clean.

e Can be built with normal household tools.

e Can be built in 2-3 days.

e Easy to maintain and repair

Disadvantages:

e Harvesting is “clunky” and not fully developed.

e Many of the systems could be automated.

e In order to keep the cost down, compromises were made in quality
materials, after all, this is a prototype.

Also available are DIY PBR kits: These kits contain everything necessary, all
parts, and materials cut to length. All you have to do is follow the full color
instructions and put it together. You can be up and going in less than an
afternoon. These kits are less expensive than ANYTHING available,
anywhere.

We also will custom build a PBR for you. Contact us and we’ll see what we
can do.

In both cases, simply click on the link above, and send us an email.
I hope you enjoy this “sneak preview”
All the best

David Sieg
30 June, 2009
Des Moines, lowa, USA
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How to Use this eBook

Adobe eBooks are extremely easy to use. For example, unlike a regular
book, you can adjust the size of the font to any size you want. This is very
helpful for vision impaired readers.

File Edit View Document Comments Forms Tools Advanced Window Help

;EJ Create PDF ~ @ Combine Files = @E}(por‘t = @ Start Meeting = ﬁSecure T f Sign ™ Forms ~ ‘9Re\rie\-\
OB U e » el € o8 o4 -

Instant Book Writing Kit

For now, I'll just say that nry
You can also go to any section of the book, easily and quickly. Press the

button indicated and you’ll find a full Table of Contents.
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Press this button

— right here o Bodiest Bk com
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£ Seme ontwoous
cuter
=) Bosk 2.1

E] ow To Calrulate

Vhat Glass
Therdmaaa tn s~

You can also “Bookmark” your place so you don’t lose where you're at.

Simply “right click” your mouse and a menu will appear. Click “add
bookmark” and your page choice will be added to the menu on the left.

Copyright 2009 David Sieg  All Rights Reserved Page 8



Making Algae Photo Bioreactors at Home

v, Makin, ~Biodiesel-Books.com

JBI0DNESEL

—— At HYome

You’ll need to click on the “untitled” section and add a name for your
bookmark.

You can also jump to any page, easily and quickly by typing the page
number in right here:

i j‘j Create PDF ™ ombine Files ~ @ Export 7 Start Meeting = (4] Secure = 4 Sign + Forms v “PrReviewmComment~ | k1 B B @ W) =

D@H 55.,#11'65%&: ”ﬁg 8 ® 6% - [ ] rnd - | = Sticky Note @Tm[msvév,xﬂi@\ E-O//DO/\{‘:Shuw-

This is a very quick overview of some of the features of Adobe reader. There
are many more and you can find out many more by reading the “help”
section on the top tool bar.
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Making an
Algae Photo Bioreactor

At Home
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Design Notes

What | like most about this design...well, there are A LOT of things I like
about this design. But if | had to pick one it would be the ease of building,
and how easy it is to take apart and put back together. It is a real pleasure
working with this unit.

I didn’t design this unit to be “pretty.” It is designed to be functional,
inexpensive to build, easy to work with, and do what it is supposed to do. If
you want pretty, you need to buy the eBook.

This is a “first generation” design. A prototype. Our goal was to build cheap,
and see if our ideas worked. (They did) So there isn’t a lot of bells and
whistles, there is no automation. Once again, those came later and can be
found in the eBook.

I’'ve made this build manual as simple as | can. I’'m assuming you’ve never
done this before, and have very little building experience.

Other thoughts:

e The use of adhesives: Don’t get married to the ones | choose.
Silicones work well too. The nice thing about silicone is if you screw
up, you just peel it off and start over.

e The parts list is as complete as | could make it. In some places you
might find small things missing, (mostly things you would find in any
shop) but everything major is accounted for.

e Harvesting is accomplished simply by taking the bio-cell from the
cradle and pouring the culture from the top. Nothing fancy.

e About the only maintenance required is occasionally replacing an air
stone, or cleaning the tubes. This is done by removing the plug from
the bottom. If you're cheap (Like me) all you have to do is scrape the
air stone where the algae builds up on it.

e Cleaning the tubes can be done with a small, long handle, brush. Only
of those small toilet brushes work pretty good. :+)
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Detailed Parts List
Parts Needed:

(10) 1.25” PVC threaded plugs (10) Bulk Air stones

(20) 1/8” x ¥” MIP Hose Barb Adapter (1) Aquarium Silicone air hose

WWATTS"® m
Hose Barb

Adaptateur cannelé pour ose
Adaptador dentado para manguera

1/8" Barb x 1/4" MIP

o v oieay
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(10) Check Valves (10) 1.25” PVC Slip and Thread adapters

'I'OP FIN
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uariwn n . E Valve o>
1 'EW

Clapetanti
p.-.
g
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(10) 2” inch PVC “repair” Couplings (10) 1.5” PVC “repair” Couplings

(2) Aquarium Grow Lights (1) can PVC Cement

LR - F

( W, e
qu‘ VATT UGHT ouTpuy “- s

Copyright 2009 David Sieg  All Rights Reserved Page 13



Making Algae Photo Bioreactors at Home

(1) 17” inch plant caddy (2) 18”x24” plexiglass sheets

(2) XP60 air pumps (2) 4-way Air-Valves
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(3) 2-way Air Valves (1) roll Velcro

AN/

—
RAL PURPOSE .
FASTENER

ATTACHE
USAGE UNIVERSEL
e CIERRE
USO GENERAL
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Num. Of Cost Per Purchase
Item # Part Name Units Unit Total Buy Offline Part # Date Comment
1 2" PVC couplings 10 $1.65 $16.50 Home Depot 559662
2 1.5" PVC couplings 10 $2.69 $26.90 Home Depot 559655
3 1.25" PVC threaded plugs 10 $0.87 $8.70 Lowes 51526
4 1.25" Slip and threaded adaptor 10 $0.87 $8.70 Lowes 23866
5 1/8 x 1/4 brass MIP barb 20 $2.88 $57.60 Lowes 25673
6 1/4" Brass FIP elbow 10 $3.61 $36.10 Home Depot 48643072121
7 3M 5200 marine adhesive 1 tube $6.47 $6.47 Home Depot 51135052037
8 aquarium adhesive 1 tube $3.98 $3.98 Lowes 70512
9 PVC Cement 1 can $0.99 $0.99 lowes 65789
10 4' T-12 Florescent Light Protectors 10 $3.68 $36.80 Lowes 163817
11 17" Plant caddy 1 $27.98 $27.98  Home Depot 876212
12 plexi-glass 18"x24" sheet 2 $6.97 $13.93 Lowes 78778
13 2" x 4" x 8' pine stud 1 $1.84 $1.84 Home Depot 161640
14 2" x 4" steel brackets 4 $0.96 $3.84 Home Depot 114365
15 1.75" wood screws 1 (pkg) $4.97 $4.97 Home Depot 23465
16 Assortment of #4 nuts, bolts, and lock washers 1 (pkg) $0.98 $0.98 Home Depot 254827
17 1 roll self-adhesive velcro 1 $6.96 $6.96 Home Depot 434361
18 XP60 air pumps 2 $17.99 $35.98 Petsmart 73725702295
19 Bulk air stones 10 $0.49 $4.90 Petsmart 73725702185
20 25' silicone air hose (best quality) 2 $3.99 $7.98 Petco 694932
21 non-filtered check valves 12 $2.29 $22.90 Petsmart 73725702175
22 4-way air valves 2 $9.99 $19.98 Petco 532673
23 2-way air valves 2 $4.99 $9.98 Petco 258105

Total $364.96
*Note: PVC Post & Fittings can be used if desired Order On-Line From - http://www.discountfence.com/vinyl_fence/postrail_vinyl_fence.htm

Notes:
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Cap Assembly Detail

1%"Tubing ——»

Air Stone

1%”Slip and threaded PVC coupler
%" Brass Barb

1 %" Threaded PVC cap >

%" Brass Elbow \
» Check valve

17
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Cap Assembly

Parts Needed:

(10) 1.25” PVC threaded plugs (10) Bulk Air stones

(20) 1/8” x ¥4 MIP Hose Barb Adapter (1) Aquarium Silicone air hose

WWATTS® A

Adaptateur B'|T ur
Cannel ose
Adaptador dentado para r;ﬂm

1/8” Barb x 1/4” MIP

Match 59 & tubing color e, vect sising
Uniser un 856 o ds 1s oyautere pdmigulrpe
our un dimansionnement approprié

Haga coincidir ol codigo da dot
sy dn color e fn Bolea ¥ del b

i‘?,r 1
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(10) Check Valves (10) 1.25” PVC Slip and Thread adapters

"\ \_7 |

Tools Needed:

e Dirill press or power drill.
o 157 drill bit

e 9/16” deep socket

e Socket wrench

e Utility knife

e 3M 5200 Marine adhesive

Assemble all the parts and tools necessary before beginning:
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Fabrication:

1.) Start by drilling a ¥2” hole in the
center of the PVC end plug.

A drill press works best of this as
you can make extremely exact
holes.

A regular hand drill will also work. Keep in mind
if you're using a hand drill the caps will have a
tendency to spin away from the drill. You’ll
need some sort of clamp or vice to keep the plug and drill bit steady.

Working in plastic and PVC, using a wood drill bit at medium speed and
steady pressure seem to work best.

2.) Drill 10 caps.

3.) Carefully apply a small bead of the 3M
adhesive directly under the barb nut.

e 3
inside the PVC cap, thread the barb into the
PVC cap turning the hose barb adapter clock-

wise.
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Seat the hose barb firmly into
place using a 9/16” deep socket
and extender. Carefully tighten,
but DO NOT over-tighten.

5.) The hose barb should
have approx. 3/8” of an
inch extending from the
bottom of the PVC cap.
Put a small bead of
adhesive around the
threads.

Thread the right angel elbow unto
the barb thread. Use your socket
and extender to tighten as
needed.

6.) Apply a bead of adhesive
around the BOTTOM half of
the hose adaptor.
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7.)Carefully thread the barb
onto the right angle. You may
need to use a pair of pliers or
the socket to seat the hose barb
firmly. DO NOT over tighten.

8.) Cut a piece of tubing
about 1.25” and connect
to the air stone.

9.)Press the air tube with the air stone
connected to it over the barb located
inside the PVC cap.

a. If pressing the air tube
becomes difficult or kinks, place the end
of the air tube into hot water for about a
minute. This will soften the air tube and
make it more malleable.
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Your cap assembly should now look like this:

10.) Now do 9 more cap unit assemblies.

11.) Cut 10- 1” inch pieces of
tubing.

an‘Tnm‘fmu?ﬁnm?ﬁn\\\’rﬁl

12.) Itis a good idea to have a cup of hot water handy in your work
area. Place the tip of the tubing in the water BEFORE connecting.
This will allow the tubing to expand, then contract, for a better fit.
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13.) Connect the one inch
tubing to the barb extending from
the cap.

14.) Spread a bead of
adhesive on the
threaded coupler.

15.) Screw the plug into the coupler.
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16.) Connect a check valve
to the other end of the
tubing making sure the

H ‘WS M ‘UISUCDSI ‘uon
arrow points TOWARD P | e\e T
from the cap assembly. & ||| T iEESEEsunEES

—

17.) Now cut a piece of tubing
approx. 4’ foot long, and connect the
tubing to the other end of the check
valve. The completed check valve
assembly should look like this, except
arrow should point TOWARD cap:

LT

| 1 0

5 6 8
%€ LG L 2 L B B

TIP: Try blowing into the tube. You
should be able to blow air all the way
through. If obstruction, turn check valve
around.

18.) Now complete a check valve
assembly for each of the other 9 cap
assemblies. Put them all in a box and set
them aside for later use.

Your cap assembly and one of the most
difficult parts of your PBR construction is
now complete.
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Base Fabrication

Materials needed:

17” Plant (saucer) caddy
e (10) 2” couplings

e 28” x 48” x plexi-glass

o (2) 2”x4” rall ties

e Aquarium sealant

e Wood screws and washers

Tools Needed:

e Power drill

e Jig saw

e Straight edge
e Marker

e Vice
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Base Fabrication:

1.) Take out the plastic
insert in the plant caddy
and set aside. Place the
plant caddy upside down
on the wood panel

2.) Draw a circle on the INSIDE edge
of the plant caddy.
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3.) Take the jigsaw and cut
along the circumference
of the circle. You may
want to cut along the
inside of your pencil
mark to make sure your
wood panel fits into the

plant caddy easily.

4.)Take your round piece and
gently tap into the plant caddy.

5.)Using your straight edge, mark
a straight line down the center. The
line across, creating “quarter
pieces.” Mark the exact center with
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6.) Set your tie rails on the center and
draw an outline around each.

7.) Using wood screws and
washers, anchor the tie rails
in place. Be sure to pre-drill
the screw hole or the plexi-
glass may crack

8.) Evenly place 10 of the coupling
around the outer edge of the plant caddy, 5
to each side. Leave 3.5” space on each side
of the metal tie rails.

9.) With the marker, draw outlines
around each fitting.
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9.) Carefully draw 2
Lines next to each other going
from opening to opening on the 2”
inch coupling.

10.) Using a vice, carefully saw
through both lines with a
hacksaw.
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11.) Using the aquarium sealant
spread a bead around the bottom edge of
the coupler.

12.) Glue the couplers onto
the spots previously
marked with the cut
edges facing AWAY
from the edge of the
plant caddy.

The base is completed.
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Upright and Castle Fabrication

Plex- plass

27" inches

Materials needed:

e (1) 2"x4”x 8’ stud

e (10) 1.5” couplers

e 28” x 48” x plexiglass

o (2) 2”x4” rail ties

e PVC Cement

e Wood screws and washers

Tools Needed:

e Power drill (or drill press)
e 2” hole drill

e 1.5 drill bit

e Carpenter’s square

e Plumb bob

e Jig saw

e Straight edge

e Marker
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1.) Cutthe 2”x4” at 27” inches.
Use a miter saw for this as
you need a square cut.

2.) Place the plant caddy on
your work bench. Place the cut
2”x4”’s inside the metal
connectors and screw together
with wood screws.

The unit should now look like this:
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3.) Measure and cut the second
piece of plexiglass to 18~
inches square. Cut plexiglass
along marked edge.

4.) Place the plexiglass on top of making sure the posts are squarely up
and down.

5.)With a plumb bob, find the
center of the cell receivers on the
caddy below. Place on a dot on
the plexiglass for the center of
each cell.

6.) Place the 1.5” coupler on top
of the plexiglass with the dot in
the center and outline the
outside of each coupler.
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7.) Place the plexiglas\s on
the drill press and
CAREFULLY drill out each
marked hole with an 1 34”
drill.

8.)Measure 9” from the edge and
mark another across the middle.
This should give you the exact
center. With the 2” drill bit, drill a
hole in the exact center of the
plexiglass.

Clean the burrs off with a rounded
file.

YT X8l i
1R3YS WADY

(Y

9.) Turn the plexiglass upside
down on the work bench and
using the PVC Cement, place
a bead of glue around the
edge of the 1.5” couplers
and mount on the plexiglass.

10.) Repeat for all 10 holes.
Allow the Cement to dry for
a couple of hours.
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11.) Flip the plexiglass over so
that the couplers are
facing down. Mark 3
evenly spaced dots on the
plexiglass, directly where
the 2”x4” is centered.
Drill pilot holes in the
plexiglass, the secure to
the 27x4’s.

The completed castle and uprights should look like this:
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Bio Light Array Fabrication

Materials needed:

e Left over 2”x4” stud

e (2) steels braces

e (2) Aquarium Grow lights
¢ Wood screws and washers

Tools Needed:

e Power drill

e Miter saw

e Carpenter’s Square
e Marker

e Vice
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Fabrication

1.) Unscrew the top castle from
the last assembly.

2.) Cut the remaining length of
2"x4" at 27 ¥**™"_ (Never mind
the photo...1 screwed it up the
first time...Yeah, I know,

measure twice, cut once :+)
Use the miter saw and get a
straight, square, cut.

3.) Center the 2”x4” on the
plant caddy. You have already
made quarters and a center dot,
so this is easy.

4.) Put your steel braces against each
side and make a dot where the
holes will be and pre-drill.
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5.) Mark also the bottom
holes as well.

6.) Pre-drill holes in the plant
caddy.

7.) Attach the steel braces
to the plant caddy and
screw down.
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8.) Pre-drill the holes in the 2”x4”.

9.) “Dry” fit the 2”x4” into
the braces. DO NOT
screw the 2”x4” in
place. Check to make
sure height is correct.

10.) Take the 2”x4” out of
the braces and lay it on your work
bench. Get the Aquarium Grow
light and lay the back side against
the 2”x4” . Mark where the holes
on the back of the light will go.

Make sure both switches are at the
top.
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11.) Mark the holes, and
fit with screws. Do
both sides of the
27x4”.

12.) Fit both lights to the
2”X4”

13.) “Dry fit” the light
" array into the plant caddy. It
¢ should fit snug and tight.

If all looks good, take
the lights off, and screw
the 2”x4” into the plant
caddy.

14.)
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16.)

17.)

18.)

15.) Replace the top castle
and make sure there is a tight fit.
Mark where the cord plug
receptacles are, and drill 1” inch
holes on each side of the center
hole to accommodate the power
cords. Use a jigsaw to even out the
cuts.

Pre-drill two holes to either side of the large hole on the centerline
to secure the 2”x4” =

Set the top castle in
place and screw down.

Line up Aquarium lights,
and screw down top
castle assembly.

19.) Hook up power cords to
top of castle, switch on lights, and dry
test to make sure all work correctly.

You have finished the Bio Light Array.
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Bio Cell Fabrication

Materials needed:

e Cap Assembly
e (10) T-12 protector tubes

Tools Needed:

¢ Miter saw
e Marker
¢ Adhesive
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Fabrication

1.) Measure and cut your T-12
tube protectors at 25 ¥% “
inches. Cut all ten.

2.) With the 3M Marine adhesive,
add a bead of adhesive
around the of the cut tube.

3.) Locate the 10 cap assemblies
you fabricated earlier. Fit
the tube into the cap
assembly and push to the
bottom snugly.
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4.) Fit bio cells into the
bottom of the base, by
sliding the cell into the
top first, then down into
the base so that the
hose barbs exit through
the cuts in the coupler

made previously.

5.) Fit bio cells into top
castle

6.)Continue until all ten bio
cells are in place.

You have completed the bio cell assembly.
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Air System Fabrication

Materials needed:

o Left over plexiglass

e Plastic tubing

e (2) 4-way valves

e (2) 2-way valves

e (2) XP-60 air pumps

e Velcro

e Left over plastic tubing

Tools Needed:

o Utility knife
e Drill and bit
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Air System Fabrication

1)

Take a piece of left over
plexi-glass and cut it 6”
inches by 18” inches.
Measure and mark directly
in the middle at 9” inches.
Draw a lines directly down
the middle.

0 ol 111}
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2.) Measure again cross-wise
at 3” inches, and make
another line across so that
you have the exactly
middle of the plexiglass.

Mark a spot directly in the
middle, 2 more at the top,
and one at the bottom of
the centerline. Pre-drill each
marked spot.
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4.) Mount the control panel
cross piece directly under
the top castle, leaving 3”-
4” inches of space
between the top castle
and the control panel.
Screw in the middle
screw, level, and screw in
the rest of the screws.

5.) The mounted plexiglass should
look like this.

6.) Mount the valves on the
control panel...there is no
need at the point in
securing them. Simply hang
them from the top.
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Label your bio cells at this
point. Label each 1-5, L
(left) and 1-5 (Right)

7.) Hook up each air line from the
bio-cell to the corresponding
outlet on the valve. Do this
for both left and right sides.
All 10 bio cells should be
hooked up now.

8.) Mount the 2 air pumps,
side by side, on top of
the castle. Make 2 marks
directly in front of each

pump.
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9.) Drill a 1/2” inch hole in
the marked spots.

10.) Cut 4 pieces of tubing 18~
inches.

10.) Hook up the tubing to
the air pumps, run the
tubing through the holes
you just made, then
hook up to the valves.
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11.) Cut the Velcro into 3~
inch pieces. Apply to
one side of the air
pump, and the other
piece to the top castle.

12.) Fix air pump to the top
castle.

13.) Add some water to each cell,
just enough to cover the air
stones. Plug in the air pumps.
Each cell should come alive with
bubbling air.

You have completed the air system
assembly.

"-r\"]-,\mr T

Congratulations!! You have a
algae photo bioreactor !
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At Last! You Can Discover The Secrets of
Making Algae Biodiesel at Home, By The
Consultant Who "Wrote the Book" On the

Subject...

How to cultivate
algae

Create our own algal
lab for pennies
Open pond designs
Build an algae green
house

Build your algae
photo

bioreactor for less
than $400

Algae harvesting
techniques

Oil extraction
techniques

Making Biodiesel from
algae oil

It's all here...

- Click HERE To Purchase -
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