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s . - Biomass

INTRODUCT I ON

-

.

The subject of biomass as.an alternate source of energy

o\

is Very new. All of our.information was found in current

Sciehce magdzines and government publlctd_tlo'ns from which we

+

have paraphrased a gréat deal. ' . ’ T

* , =

.

’
However, my partner and' | after hearing about: biomass
in an Energy WOrkshbp at TSU, thought it wa's a fascinating
- ( N .
| 'subject--Jt did soﬁething to our imaglﬁa}ion! 't was easy

‘and pleasant to Imagine how the future might be with less

a

alr, water, and land pollution-by burning less fossil fuels.

’ °

And to add to .,that, the hauling of trash and garbage to a !

s @

thérmo-chemical plant instead offa landfill, to produce'énergy.

’ ‘!\ . It all sounds like an answer‘tq\a\lot of our environmental

[

*

‘p;oblems. So we felt obligated to pursue further in hopes that_'

- biomass, an alternate source of energy, will become an

\ . 1

important p®= of studies about energy resource. ‘
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_BIOMASS: AN ALTERNATIVE $OURCE. OF ENERGY

~
[}

E4
)

R In"the year two thousand and fifty, fossil fuels*will be
- . _ A - n

. N
very scarce. .0Other or alternate energy sources will be important.
- ' x i

* f

.

Perhaps by then éc)fntlsts will have perfected the use of

an alternate source of energy called biomass. $
o S~ : ' ) v .
Biomass is a form of\sqglar energy. It is stored in a
[} / ’

wide variety of -plant and a%fmal organic mét;er. The process

i

in the creation of biomass fs photosynthesis. Phétosynthesis

‘uses sunlight to convert cvrpop dioxide.and water into higher

+

» energy products such as-carbohydrates and oxygen., Forest

. A ‘
‘materials and reslidues, grains, crops, -animal manures and

aquatic plants are the malh resources.

-
L Y

Basically, there areigwofklnds of processes by which

. Ly

. biomaif tan be converted to energy: thermo-chemical conversion

and biologiéa"converslonz The first uses heat to Prodyce-"'

~
- i

a chemical reactipn,’[lkelthe burnlng'of wood, Other thermo-

N -chemical techniques include éasification; which releases b}o:

3
’

energy .by heating waste ‘iif a limited amount of oxygen, gnd

-
.

pyrolysis, which breaks down biomass with heat, but without-

» -
-

“

oxygen and at a lower temperature than is required for gasification.

Biological conversion Is a chemical reactlon caused by

R .
treating biomass with enzymes, -fungi or microorganisms. Two

processés whitch produce elther liquid or solid fuels inclide

—

anaerobicidigestion® the controlled decay ofyorganic material

e - ] . M .,
in the absence of oxygen, and -fermentation, by which carbo--
\ : . _ _ .

A »
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hydrates are fermented and ﬁlstlfled to pyodhce'ethyl alcohol

A ]

_(ethanol). ‘tthanol mixed with gasoline produces gasoholi _;
O - .BfomaSSfIs a-g?éét source of énergy beqause in some ‘

" form of another, everyéody has some. The prodhctlon of energy

.érom biomass does hot pollute the alir, water, or land. The

residue can gaslly be dlspoSed'of_as a fertilizer,sanimal food, ,

-

‘“' © Tor "filler'" for roa%_beds. Or If it has to be carried to a -

Tandfill,5it will occupy a very.small épaée and will be sterile

Pl . ’ - . o

3

causing no,contamination.

-

" So let me tell you how biomass could possibly be Used in

vy

L

the.year two thousand and fifty. _ . . . ' .

In large-cit?es trucks labeled '"Biomass" wll'l“be-plcking .

L]

2

.up municipal waste--trash and garbage from residences and

~industry, to carry to a thermo-chemical conversion plant.
The: burning of this trash will produce oil, e€harcoal, synthetic
. . . _
. . . . , ¢
-gas and steam. The steam is used to produce electricity or to

-~

-

heat nearby buildings. . v . \

- . ’

Smaller towns and/or counties where the population is not
- ° . )
so dense, have grouped together to dispose of their swaste by’

-

taking it to a centQPIly located thermo-ghemical plant. .

;' In some of the more rural areas we may find energy farms.

- ’
Farmers growing grains, sugar beets, sugar cane, soybeans or a
. .

|-l BN BN N N BE BN I e

I crop of sycamore or eucalyptus trees to be processed to make

ethanol. ° . 4 . : . :

r

Or the farmer may be energy sélf—sufflclgnt by using

animal manure in a process called qnaerobic'digest}on to produce
. : : ¢ ' .

-

N methane gas. - - , ' -

.
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0@ the vast stretches of arid- lands in -Arsizona, New Mexlgo,

. N RN
and Nevada, the desert is blooming with gopher plants (Euphorbia’ .

¢ -~

Jathyrls)* The federal government is growing one hundred *

L.

.

v

million acres of gopher plants. The Eame(planp'the California

<

| - .
Il El .
*

gardener used to call obnoxious. lnwtheihlddie'éf this érea~ ~ f

is a refinery produclng crude oil.

.

_) Around Walt Disney Norlq, near Orlando, Florida, water:®

-

hyacinths may be growing in hﬁe~éewage resérvoir.” The hyacinths

\':‘
not only purify the water but.can be harvested and mixed with

*bacteria to produce méthanq.
Algo‘oh the West Coast glant kélp.coulq bé_grown in oceanic

. /
farms several mllesuoff shore. After-the kelp is harvested it

-

A .
Y

I

Wis processed -in yuch the same way as the water hyacinths.

[ (¥4

.

In Canada there may be-acres. and acres ‘of salt water tanks

where-microbes work in\tandem to make oll out of atmospheric

-

- carbon dioxide. One square mile of tanks full of ‘salt water,and

bacteria could produce twelve million barrels of oil a year.

L3 L

o By far the most ambitious blbmags‘programs were plhnned by
. W

. Brazil, Red €hina, aﬁq Sweden. (

s ' )

Brazil may have sevaeral large distilleries. to produce

-

. . . N
. .
3
. »

-

alcohol from cassava, wood, and sugar cane groﬁn on energy

I

farms or plantations.

_
. . 4 .
SRS * . Red China has a program of providing small scale units_on
‘ vindividual farms for -producing methane. The methane produced 4
i's used at the farmstead. ' < - .
’ - . - ‘ - -
' + s . -~
.- ’ F4
. N ) g . . - L3 v ~ -
. . / .
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Swed®n may be prodhclng more than sixty percent of its
energy frgm biomass. Forty~flve perdent of this Is from energy

farms of willow treés. Only six to seven percent of the toqtal

land of Sweden |s devoted to the wlllow plantations,

- .‘Back.home in the United States the most Important'biomass
e on

»

-

fuel fIs alcohot--ethanollana_methanod. The use of alcohol  as_
. . N R «
a motor fuel dates back to the '1880's when some of the first

£ Y
Gars ran entirely on alcohol.

Fs

»

. N * 4 .
And that Is what they use In the cars at Indlanapolis 500!

4

1he primary goal of the Department of Energy (D 0.E.) and

Blomass Energy Systems (B.E.S.) has been to supplcment fossll

13

fue] resources thraugh the growth, harvest, and use of plant
? . _ N .
and animal residues. The national program fon.blbmass Te€5earch
. _ ) /

and development., dlrected'by BES has further advanced the appli-
A » “ '

+

cation of technologles. The large resource potential of .
: -
agricultural and forest reslidiues and other organlg waste should

~ A

encourage the gommercjalfzatlon of biomass technologies to

qontinue. . . - -
¢ ' hd

Biomass is readily available In many wagte materials .and

the supply’ coulaibe greatly Increased by proper management and

the use of such technlques as energy farms., .

However‘ there is an argument against 'plant for energy“

farmlng in that the land might be needed Far -

1
.
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competé with 2ood‘farm1n~

. " it does.pot seem necessary for-energy farms to be located

¢ . . Q )

in the middle of America's

read'basket . Ihere:are arid and/or

»

unprodugtivé lands. that pplanted, for bidmass, and not

N -, -

-Lnttle is known abqwt the longvterm effects of Iarge scale

~s - - SRS 3
"single crop Tarmgng as it mqght bé ‘done in energy,farming. .
. e h“? -;'_ ‘( . .
One- c:op farmsng m)ght encburage epidemlcs ‘of disease or insects.
. AR U

For the present bioconversuon of agrlcultural criops r;maln

& :nterestlng and excltlng a]ternate for fossil fuels. Blomass
, ) . .

i+ not only a clean and safe fuel source, but also a renewable

. ~ 3 .
» - N .

and literally inexhaustible one. . -
As educators we can .help students.és future citizens

he aware of the advqntages and disadvantages of pioﬁass as a~~

source of energy. ‘Who knogs--one of them might be the one fo

research, legislate, farm, or perhaps even use biomass as an

L _
alternate source of energy in the year two thousand and fifty!
~ 0 *

—~
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A
.

3. ”EnergyfFarmerE: Growing Tomorrow's Fuel" by Peter Ognihene.
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v o, 3

This is a very exciting story about all of the possible ~ ¢
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"Assessment, Washington, DC  205T0. . . |

This summary presents the findings of an assessment of
the energy potential of blomass. It was requested by
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" 5. Facts About ' Gasoh#l. Solar Energy Research Institute, 1617
Cole B8ulevard, Golden CO 8o0bo1. '

. This is questions and answers about gasohol produced from
: biomass. There are questionsabout production, cost,
~ : regulations, autemobile use, and extent of use today.

-
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-

6. Supplementary Energy Sources. American Petroleum institute,
2101 L. Street, Northwed, Washington, DC 20037.

A very readable source toncerning the efforts of companies to
find new energy solirces. This would cut the Importing of so
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much oil.
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This is a packet containing several hands-on activities ?

The 4ctivites are simple,

directions are'clear, and materials are inexpensive..

9. Film Solar Enefgy: The Grea;:Adventure, 16mm, color, '

27 m'in., 1979, No. 534, by
. DOE Film Library, P.O. Box

~*\\ A lively and unique look at
In the next century we will

1286/1287.
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United States Dept. of Energy,
62, Oak Ridge, TN 37830,

Amer ican “grassroots" ingenuity.
be turning to renewable

sources of energy. Eddie Albert narrates (615) 576-1285/
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) '_T_he best time to teach this lesson would be in the 'Spri¢

after you have taughquboUI.seed germ!nét]on. You will be able
. , : _ S

to use évailable.seedlingf in experfments on day 5;.
» ) . . = ;.‘-_
If you do not‘ﬁ{;n tg teach this after a lesson Iin s
/ -, - .

! “~% : -
germination, you will need to pTant seeds .3 to 4 weeks be

this lesson to have évailaple seedlings for day 5.

eed

’
-
d
- r
N " }
»
/ |
L 3 s ]
¥
e . .
- !
LY
v~
-
. .
-
rd
3 ] rs
‘ .
? - 7 : ’ -
<
.
" AN
¢’ -\
-
»
+ ) (4
o ~
( «
( .
- - o
L
, <

?b/re.\}

. 9
"Biomass
W,
N



- e . ) ’ - . o - .' o : 10
- . ' . ' . o . «Bjomass

- . b o . . B ' +
. S ) N ' . ' . ‘N “ P : ) . °
Day 1--Objectives: Students will; (1) realize the need for
. C T~ alternative enérgy resources.’
.(2) learn about the major primary energy
sources. ’ oo . .
- - (3) become-familiar with the history.of T
S energy!: : ' ‘

' Materials: . vocabulary word list, world map with . | -
Tennessee outlined -with magic marker, : N
. o map pins, five lengths of different color .
l _ . ) yarns, energy time~1fne warksheet, . :
, specify 5 types of energy. . : Lo
Methods: 1. Teacher asks questions to se&.|f students»
l : kdow where our energy sources are
. _ located,. ' . .
' - ~ 2. Usé world map to show geographical
I ’ ' location of sources. ) ~
3. Place ydrn from primary energy sources .
, ~.t0 your home town. Examples: wuranium--
f  "Australia, natural gas--Texas, oil~-
l : . Saudi Arabla, coal--Kentucky.
: b. Discuss energy timeline worRsH*%t.
. , 5. _Establish the need for conserving and
l - finding new sources of energy.

6. Suggest biomass as an alterpative to

our energy supply. - ‘ .
) ' ‘ 3 ' ; ‘ \
“Activity: After teacher's discusslon\éiaenergy time-

line, have students comﬁlet'w%hg worksheets,

a .
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* mesh the Energ Tn?elme T ' T ' © Activity Master 1.7
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. T 0 o I 70 - T
. . - , ! . ) \ . . L
A ' 1783 . - -
" N Two médn fly in a : -t
o 1778, _ - palloon at @a/m o‘x/m Most peoplp burn wood for 1800 A ' :
The epergy used is heating andl cooking and In ltal MO&"W i t
In England James Watt puts ,uy travel by horu or on tool. ; ay. "
_ two engines to work in fac- : , :‘?: :;m: ?:ttt:;yv:;\td_‘g’:\;ps '
’ tories & starts.an energy révo- " ‘ ' " . i ) ~electue,
o lution. The energy is Rleary - - . - . .o . energy produced is LLLirecly
* to---oc‘ ssoepoeee -ottt...--ooo.-o-o-o-t-o.o---o-o-o-o.-’o.-o--o..o--.o.-to--ottt.-.\:'--ot:-tt-o..o--.t-t--o-------t...cuto.t-0000000t.o.too.'........o.t0--000--00.--.--.00 {
|KIT7N ‘ 150 N 1510 i’ , 1815”., 1822 /-/
- " . - 1807 . | R - : 1051 :
o Robert Fulton . Co e .
1804 . GALN) /) n't build the ‘.  Wood continues to supply most First attempt to
3 S ) 3 hes
 Ag Eniglisyman, Richard LA very first obomboat . * household energy needs. But toal be-  develop and mar-
) puts James Watt's - but he makas.t gins to-do more In factories and rail- ket natural gas
engine on wheels and rails. He is one people first pay md sngines. : :??r Fredonia,
the father of the railroad locomotive. - to ride on. ot » ' ’
------oo-----o-o--ooo-----..--.--..----o-.---oo---.--o-ooo--o--ooo-.\-oo.-o--ovooo--oo-ooooi'oooooooo-oooooooo*ooooocut00-000-ooo-ooo-.oooo-ooooo---oo-o--o-oooo----o----o -
NI T I 10
) 1820 An Ame rica named 1837 Americans put new inventions to - o '
N MBV | work. First comes McCormick's ~ ~ - - :::::::: :p .:: l:;:l“iv. :::an
’ : : A | t . -
' :Z?n:g w _mwshovel by dhen he “::g‘ ' . enoughito stald the joits and to risk :
each invents a the telegraph by _Z22¢tac. : ' ' hot cinders that often fly from the |~
Who is first? ) : . engine into thell cars. England is
y ; ) first and America second In rail- :
’ The energy | < Q .
; : , rqad locomotive production. ..
‘ ¢
.'. .........q................‘...‘.........‘....Q....C..Q..............................................................cut....................'...........................D.
(50 111
o’ X v - . .
‘ 1859 e rol A plo;l insld linder
i Lenoir of France invents n ex on inside a cylinder paves
5.']',‘?',:";:2.',?,';3.3:,',’?23 the M . " the way for the later [nvention of the
beginning the : combustion engine. . automobile. An of! strike hastens.the
et ;2255 ) . discovery of the fuel that will run Rt.
o= industry. '
*® 00 '00000"0""'00'000"0""0"'0000""""""'"00000'000"'000""'000'0"""0"'00“0'0"'0"'0‘?"00"0‘0‘0‘&0“"”"'00"00.""'0'"'("“"000“0'0"“”."“"bo
i - - . - W . | * . :'_?
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Coal and wood still furnish
most of the energy in homes.
Coal-fired “Iron hoises” (rail-
roads) —angd real horses —

1884
In England, Charles
Parsons pertfects the

- continue to take most steam :

.- places. Altheugh the plectric and advances the de-
buib has been invented most velopment of electrical
people still use kerosene or energy.
gaslights to read by.

........’.....................O.............'...cut..............................\......'_".

T T T T T T T T T T e e e T
' : Activity Mast;u 2

o ——

The oil-burning

ing is i 1895 —-—
‘ ' gcg'wv%ﬁw The power of Wik lg
Karl - ﬁ-""ﬂj’ -Eventually, t pr Niagara Fall is iy
builds the 1st success- engine will r@place , harnessed jo
tui automobile. steam-powered ones. ; - make

LN ]
4

(........’.-........................’Jl....................... ‘:....’.....‘...... "

-

L:m il — T T "
_ p— ‘

1905 Albert Einstein
develops a theory

\ ‘ i ) 1922]

: . . .By the end of this po\rlod. many
1903 ) for measuring , : ',noq.:lzmiu have coal furnaces
\ The engine in-the energy and pre- " J910 g In the basement. And more and
Wright brothers’ plane o pares the way for Ford makes the first more cars appear in garages.
is powered by ‘ " the _aZormnec + - Model ' ‘ . ‘
. ,‘?W} rit/ - 'ag’e. car.

. 1938 .

Robert

1952 RN
. AR
Bell scientists (RN
W
raise hope for 0
‘ our energy fu-

ture with the
~SO

VZ?&”V' .a
_fiber made from oit,
coal, and water
makes its first public
appearance.

In Chicago,
Enrico Fermi

sets off tEe first

chain reaction. °

Hoover Dam on the
Colorado River is

bh!lt to generate

1
1987 170 J973
Demands for energy grow. Congress
The US.gets  America gets more peaple, passes the OPEC

more homes, more factories
and businesses, m rs, .

its first gig

%

s - . . <
- 1940 %7 . 1942 Many Nomes convert from

coal to natural gas for
heating. Most families
own at least one car'and
some have two.

1980 Amariﬂcans'

continue to

look forways to
oAl

electric power  MOre trucks, more buses,

. oll and pro-

the energy w ;
have and finc

lanes. Demand grows ‘

plant dt Ship- ;"°" plang A duce an energy enen, s
ter than: ly. . new —
pingport, P, [Aster thamsupply.  crisis. sburces:
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: Outline Tennessee with a magic marker. : | v

Learn the sources of various-fuels such as- crude oil from Saudi

) Arabia, coal from Pennsylvania, natural gas from Texas, uranium
l , ~ from Australia, etc. Make a color code such as black for coal,

Get a large map of the world. :
.~ Locate your town with a map pin or flag.

SO
. -

o red for oil, -blue for natural gas, green for wood, etc. {f/(owu“»“
. . Connect the source of the fuel to your town with a length of: -

colored yarn to demonstmate the distance the source must travel
- for your use... ’ o :

m Are the countries from which we get our fuel supplies our gllies?

Are they dependent on us in any way? How much of our fuel suppljes *
come from these sources? T - -

e d

»~
-
E3
Liz R

-

See if you can devise methods to release the energy. Which gives
the most heat? Guess which is most efficient. s

«

: .
. . Y
"-? | | | ’ ‘ -
‘ . 3 } -
l |

UNDERLINED WORDS are in your glossary.

-

®

AVAILAE For other activities in chemical energy, use Coupon #8.

.
] . . .
. g : ) -
[ 4 ; ¢ .
. .

\

e s - Bt T SN R .

: m Pencils, slips of paper, sack '03‘ sinall_b,ox. : \

A

m 1. Let each student pick an energy subject, such.as conservation,
solar power, wind, etc., and write it on a slip of paper.
2, Put all papers into the sack or box and shake.

3. Call on students to take a slip from the 'grab bag" and talk -
for one minute on the subject. - ' .

'

Be sure to have a tim_ekeeper. roL ) N

LT

At the end, judge the best speaker from among those who talked
the full minute. ‘ !

An award might be in order.. . '

'For other energy awareness games and simulations, use Coupons

L4

. - . ;
.
¢ . .
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. : Biomass Vocabulary Wordlist
L) .. ) - .

y 1. Alcohol--a colorless, volatile, flammable liquid,
formula C2H50H.

y

N ,

»
Biological conversion--a chemlcal react.ion caused by treatlng
biomass with enzymes, fungi, or mlcroorganlsms -
- 3. Biomass--any material dcrlvea/f?bm living organisms,
including everythlng from madure to trees to algae.

4 G
N

. .Deforestatlon-—to clear a forest of trees. ' L

5. Ecosystem--a System formed by the Interaction of-a communlty
of organisms with their environment. -

v
v v

6. Energy-4the capaclty to do work; available power.

7. Erosion--the process In which the surface of the earth js-
worn away by the action of water, glaclers, wind, waves, etc..

-
©

8. Ethane-ra colorless, ordorless, flammable gas.

[}

Feed'stock--}aw material supplied to a machine or processlng
plant (as pulpwood to paper mIII) . .

v

10. Gasohol--liquid fuel made up of 90% gasbllne and 102 alcohol.

(4

1l. Manure--animal waste. that can be used as a fertilizer for soil.

h
. : .~
-
(e

.+ 12. Methane--a light hydrocarbon; an i{nflammable natural gas; -
, " forms explasive mixtures with alr. . - .
N . : .
13. Mucrobes--organisms that cannot be seen wlthout the use of
magnnfynng lenses. ~—t
) 14, O}ganié—-materﬁals obtalned-from 1iVing things.’ ; : -

| Y

5. .Organ;sm--any llvlng thing.

. -A ’ .

16. Photosynthesls——the process by which green plants convert .
radiant energy (sunlight) into chemical energy.

17. 'Renewable--capable of making agalin; restore state of being.
' Replenished ' -

-

L r " e .
18. Solar energy--source of energy from the sun, .

[ ' - M *

. 4 o - L .~--..'-'¢"' X
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S0 Day 2--0Objective: Students wij)]

- - will be agle t
- ' ~* blomass.

learn what biomass 1s. They o
O see and touch samples of

e

.hateria]s: Samples of_bfomass~-wood chips,
) . soybean _seeds, grass,
© Film.

sugar cane,’ .
sunflower seeds, _etc, ’
) |

. A
~
A

Give students. 10 minutes to extlend the.
energy time line to the“year 2025
I (encoucage Creativity). L. .
" 2. Ask questions about biomass. v '
- a) Have you-ever Used biomass? * T
. (b) What Is biomass? : ‘
R (e) s biomass a renewable resource?
(d)  What are some examples of biomass?

Show film, “Solar Energy: The Great
Adventure', |

- . b, Dlscuss'film._’, !
) . 5. Present samples of .biomass. °*

Methods ;. 1.

%+
W

»
L)
~

. Act]vkty: " Have students identify the samples of biomass
' lﬂwandutcLLmhowmg

Ney.may be used to produce
L energy. B I , '

N
.
. ' .

e ot

-
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II Day 3--Qbjective:  Students will obtain detalled lnfogpation on -
' ¥ . ) the history of biomass. They wil¥ 'see how .
’ blomass is produced, used, ‘and can be used
' , .in the future. T ¢
! Ma;e?&als: Worksheet on biomass. Blomass Energy. - \Zﬁ \w
- - 'y ) .
' Methods: . Review vocabulary words. used in previous
) - . lessons, _
: . ¢ 2. Have students name biomass resources, o y
3. Dlistribute article and worksheet on '
' » blomass energy. ' - '
. b, Give students time to read silently and.
" « § answer on-worksheet ‘the first ten questions. =~ -
l . 5. Dliscuss the first ten questions on work-
‘- ' sheet. _ ' ’ : s
_ i . 6. Assign the last ten questions for homework. ,
. . . Have (students.put article and worksheets
' . ' away. = ) : )
. ) 7. Prepare class for outdoor actiyity,
(a) Identify area where you and your
l : \ s students can cellect local weeds.
. ' _ . - (Clear with principal first.) _
' : - €b) Discuss the need for safety with “tools.
(c) Divide class into groups. '
' , ] (d) Discuss procedure for collecting . .
v : . specimen. : ’ ' : y
. ‘ : » ; (e) Dlscuss measuring techniques. §
N ~ o . " AN
'\a ) . : ‘ Note: Ask agriculture teacher to provide '

class toels,
X

L™

>

- s e
*
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Washington, D.C. 20588

. \. ), ' "l v /‘ :
A : .
Conservation MA&W ’ 3
DOepartrent of Energy -~ .

N . Coe, Biomass
| BI‘QMASS' EN ERGY ‘
~ | | | | ;.
: ) . , L 1
. : -
] .’ { _
- . Biomass is a form of solar energy commercial market. Biomads is -

already. providing approximately
two percent o; our energy neaeds,
primarily by the direcl‘combustlon
of wood. The forest products, and
pulp and paper industries are major
biomass consumers. They are
working toward 100 percent ener- .
gy selfsufticiency in the near future
by using manutacturing and forest
tesiduesdor production processes.

gored in a wide variety of plant and
animal organic matter. The key
process in the creation of biomass,

- photosynthesis, uses sunlight to
convert carbon dioxide and water
into higher energy products such
as carbohydrates and oxygen.
Forest matérials and residues,

. grains, cropp, animal manures, and -
aquatic plants are the principal
resources of blomass. These raw

, materials can be transformed into
liquid or gaseous fueis and petro-
chemical substitutes, as well as
heat, electricity, and steam. Bio-
mass products have numerous in-~ .

- dudhrial applications and residential

/gses. The primary objective of the

Department of Energy (DOE) Bio- -
“ mass Energy Systems (BES) Divi-
*_sion is to supplement fossil fuel re- .
"sources through the growth,
harvest, and use of plant and animal
residues. / .
TN :
Biomags has’imporfapt/energy

bl

Annual biomass production goals

quads of energy. One quad, or .

- Quadrillion Btu's, is equivalent to
approximatgly 494.0 els of
oll per dayter one year, or enough
energy to heat 500,000 homes for

20 years.
History «3
N
Biomass is the oldest $ource of

energy known. For thousands of
years, people have bumed wood

\

. ’ ) ~

4

supply/Potential because of its for both heat and protection. Until
extensivé and,well-located re- * the mid 19th century, wood ac- -
sources in the United States, the counted for about 90 percent of
~ potential of conversion t@ob- the energy supply in the United
ies, and the availability strong States. In 1940, 20 percent ot

| 7 . U.S. homes still used wood for

/’ _ ‘//\ - £ SPace heating. '
.. & . , .
N Althougl\ fossil fuels replaced
‘ . wood as the prime energy source
: ,in the 20th century, interest in
e biomass never completely faded,
) During the 1930s. several

Amwan studies investigated the

.
.-
~
-
i . ..
- ‘ .
. . .

s

¥
CGoplwe of ihis material can be obisined from:
1
U.S. Departmen of Energy
Technical information Center
aox 62
Osk Ridge, TN ITEX

DOE/CS-0202
November 1980

for the year 2000 are about 7~ .

1o,
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feasibility of converting grain tp
ethyl.alcohol as a gasoline
substitute. During World War I,
many nations worked to develop
the fuel potential of trees; Sweden,
for example, cultivated large forast
areas spacifically for energy con-
sumption agd research. Today,

_ private industry and government in .
the United States have renewed
interest in biomass by researching
conversion methods and encourag-
ng the application of available N
techiologies. - y -
4

.Resources

Because bigmass is 50 to 90
“percent water| the most cost-
ptfective way 0 utilize the organic
matteris at or'near its source. If
conyerted in} quuid*“'r gases,
however, it cn be transported
easily and economically. Because
biomass is available in wooded
areas, on fart lard, 4nd in water,
onversion sites are loca
throughout the country.

>

Wood, df course, is amajor
biomassfesource. It serves as a
fuel in the form of logs or residues.

*  Residues consist of excess forest

~ growth, insect-infested and df$-
“eased trees, and mill remains. To

improve wood fuel production,
researchers are developing new »,
tree varieties such as hybrid i‘
poplars which grow rapidly and ar
totally mnsumdbl&. Silvichemicals
such as turpeatine and resin, and
carbon-based compounds made
from lignin and cellulose are other
energy-related wood derivatives.
These materials serve as-feed-
stocks for the production of a
variety of chemicals such as alco-
hol, aldehydes, ketones, ethylene;
acids, and ammonia which can be
used as petrochpmical substitutes.

A

L]

.
*

»

<

s .
*

*
»

Non-woody plants such as herbs *

, and grasses have a potential as >
cost-effective energy feedstocks.
These plants gave a high yield
capacity and can grow in arid or
marginal land with minimal manage-
ment.

Crops are another popular bio-
mass resource. Sugar beets, sligar
3 cane, sweet sérghum, and grains
such as corn and wheat are
processe'd for th‘eir carbohydrate

¥ -content to make ethanol (ethyl .

alcohol). Cellulosic materials found
in herbaceous crops such as cofn
and rye are converted by liquefac-
tion to fuel oil. Aicohol development
is receiving special emphasis under
the new DOE Office of Alcohol
Fuels. M

Photosynthesis research with hybrid poplars in Rhinelander, Wi

. e

Animal manure is an excellent /
source of methane gas which can
be manufactured by a process call- ¢
ed anaerobic digestion. Thi¥Tuel
supplies farmers witPthe energy
necessary tq grow crops and raige
livestock. It can be viewed as com-
pleting a biomass energy cygla.__.
whosg goal is energy self-suffi-
ciency on farms. ) ‘(

, .

Kelp and algae are aquatic
sources of biomass. Through a
process called biophotolysis, Biue-
green algae produces hydrogen as
awaste product. Kelp produces

- hydrogen gas through photoelec-

trolysis, a photochemical process

whic/b uses a catalyst ate.
hydrogln and oxyggh. _
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Canversion
Techniques

Thormochem'lc_al

™ The direct combustion of wood
is the most conwnon biomass con-
version method. The number of
wood-buming stoves in homes has
ihcreased dramatically in the past
few years, indicating aresurgence
in the popularity of wood asa
residentialheating fuel. it is esti- -
mated. for example, that 40 per-
cent of the homes in Maine use
woad stoves. Wood can aiso sup-
plement oil, natural gas, or salar -
energy heating systems. Nation-
wide‘pproximately five million
American homes already have a
working wood stove, and the prac-
tical potential exists for another 13
to 18 million homes.

Dirgct combusti;r} of biomass
residues has industrial applications
for the production of process heat
or electricity. Currently, direct burmn:
ing is economically competitive
"with fossil fuels for some indus-
tries, especially those-having easy
access to biomass resource§. A
sugar company in Hawail meets 75
percent of its mill and irrigatlor‘
pump electricity needs from the >
burning of bagasse, sugar cane
residue.

Utility plants in Vermont and
Oregon also produce electricity
fron\direct combustion. Two 10
MW units in Burlington, Vermont
are 100 percent wood burning.
They serve 40,000 people and
sell an additional 15 percent of
their output to surrounding utili-
ties. In Eugene, Oregon, a33.8

MW utility plant has been produc- "

ing steam and electric power since
the 1930s by burning mill wastes

Csupplied by local sawmills. In addl-
tion-to pn?)ving very economical,
thia plant reduces air pollution and
helps solve wood residue waste

disposal problems. _

»

- Other direct combustion efforts
include brick and textile industries
in the South which bum sawdust®
and wood, respectively, to provide
process heat. DOE is working with
industry to evaluate wood con-
version processes and to retrofit
large conventionally-fueled
proc@ss heat boilers for direct fir-
ing of graen wood.

Gasification dnd liquefaction are
two technologies which conve
biomass into gas or liquid fuels.'g\
Gasification is the reaction of bi
mass with steam and oxygen at

23

~

L8
high temperature and pressure.
The products include synthetic

" - natural gas (methane), low and

medium Btu gas, and hydrogen. )
DOE sponsors five process devel-
opment unyts which perform '
chtalytic and non-catalytic gasifi-
cation processes. Theunitsare «
located in Texas, Ohio, New York,
Washington, and Mlssoyﬂ.

Alarge scale; experimental lique-
faction facility in Albany, Oregon,
uses wood chips to produce oil.
Biomass reacts with carflon
monoxide in the presence of an
alkaline catalyst under moderate
temperature and high pressure.
The resulting oil product has a
consistency similar to heavy
heating dil and a heating value
(15,000 Btu/Ib.) similar to bunker

The experimental biomass liquelaction facility in Aibany, OR

1
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- fueloil. The Albany facility has

proven that liquefaction is an
energy etficient process which
produces non-polluting water,
flue gases, and ash. '

1t

Pyrolysisis aihennbchen\lcal -

conversion process which func- o
tions without oxygen and at a
lower temperature than gasifica-
tion. Residue materials are gasi-
fied. ignited, and completely bum-
ed in a thermal reactor to produce
gases. The biomass resources
used in pyrolysis include manure,
agrcuituraland wood wastes, and
municipal solid wastes. Qil, char-
coal, and synthetic gas ag waell as
steam are the products.

Biochemical

Anaerobic digestion is the con-
trolled decomposition of organic
matter. In the absence of oxygen,
bacteria decays the material, pro-
ducing methane. The feasibility of
using animal manure in this
process is being tested at a full-
scale facility in Bartow, Florida.
Located in the state’s largest
slaughtering and packing plant, thls
facility can handlé 25 tons of

‘manure daily. By processing the

wastes from 10,000 cdttle, the
operation can produce enough
methane to meet nearly all of the
packing plant's energy needs, the
equivalent of 35 barrels of oil per.
day. A by-product of this process,
protein-rich digester solids, will be

concentrated to serve as a dietary
~ supplement for 6,000 cattle.

Anaerobic digestion also plays a
large role in the production of
energy from aquatic plants.

In addition to liquid and gaseous
fuels, biochemical and thermo-
chemical conversion systems pro-

-

The anserobic digestion fachlity in Bartow, FL

"duce petrochemical substitutes

such as aldehydes, ketones,
ethylene, acids, and ammonia.
These chemical compounds are
used in a wide variety of manu-
facturing processes.

Markets

- Certain biomass conversion
technologies, most notably direct
combustion, anaerobic digestion,
and gasification, are sufficiently
advanced for near-term energy
development. Direct combustion of
wood is providing energy to the
residential, industrial, and utility
sectors. Anaerobic digestion of
manure and agricultural wastes on
farms is the first step in the at-
tempt to make farmers energy self-

sufficient. Low BTU gasifiers using .

wood as afeedstock are already in
use by industry. -

The national program for biomasg
research and development, direct-
ed by BES, will further advance
the applications of these tegh-
nologies. The large resource po-
tential of agricultural and forest

!
24

residues and ottter organic wastes
should encourage the commercial-
ization of biomass technologies.

Future Outlook

The BES Program is rapidly
reaching its goal of providinga -
reliable alternative energy source.
Although most near-term accom-
plishments havetsorme in the areas
of liquefaction.Mcation and
direct combustion, early advances
are expected in anaerobic diges-
tion, biophotolysis, and photoelec-

- trolysis.

Energy farms are being used in
herbaceous and silviculture
research to grow terrestrial and

- aquatic plants throughout the

country. Research management is
performed at the 1000 acre silvi-
culture test plantation established
in Aiken, South Carolina, to investi-
gate the forestry concept of short
rotation. Consistent accomplish-

" ments in the development of all -

biomass technologies are expect-
ed to meet biomass goals for the

year 2000. )

e September 1980
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Read Egé article Blomass Enerqy and answer the following =
questions cdrurectly. / - L _ . U,
. . ; o . B 2] - : . “1
' ' v
1. Define Biomass and Photosynthesis. ¢ S
© ¥
2. For thousands of years wood was the main-source of energy.
Name the energy source that replaced wood in the"20th J) i
century. ‘ ) .o : T
7
. . -3 '
3. Which country cultivated large forest areas specléically
for® energy consumption and research? : L.t
. \ : ‘ &
L. Why is it mosk effective to use biomass near its source? .
. 7 - . ‘. N 'S /A
5.7 What is being done to improve wood fuel production? 7 ' -
L) . .
6. Make a list of crops that can_be used to make ethanol? N

t

-

L4 ’ L 4

7. Can-animal manure be used to produce energy? Explain.
8. Name two aquatic sources of biomass.

9. Name some chemicals proﬂuced from feedstock?

o

10. What is the_objectiVe of the resedrch in biomass done by
the Department of Energy? . : : )

11. What is the most common BDNomass method??
’ ..\
12. Give an example of direct combustion used in industry.
13. Approximately how many homes 'in America use wood stoves? . S
14. Name two states that produce electricity from direct '
4 comBustion. * and .
.. \ ) o
3
L d ‘_« - R

25
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' 15, Write the ‘definition fory gasification. - ° ; ' ‘-'7 *
. 16. Write the definltlon?k9¢ liqdefic@tion. - . ‘ -
T 17. " Write the definition for pryolysis, 3 :
- .- - .
: - : ’ ?
F 18. Write the definition for anaerobic digestion. '
) . . . . ) N ) ) ‘- ‘.
. ‘ 19.% How does the slaughtering 4&nd packing plant in Bartow, Florida, )
) . Use cattle manure inp anaeroblic digestion? ~ ’
20.  Name thrgelbiomass conversijop technologies fhat-are-ﬂéar.
term energy deveJopmenﬁ? : . *
2t Name the department of government represented by the
lettérs DOE. . . - )
—~

»
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.Day 4--Objective:

. .
Materlals:

A~

u

Students will draw a conclusion about biomass
source of energy profuced from weed.

meter sticks (one for each group), area of 2
weed, hoes, shovels, bags, balance scale,

activity sheet (bibliography 8), 5§ Ib. (metal)
coffee’ can, thermometer, 500 Ml. beaker, °
asbestos wire. S -

A

1. Review preparations for outdoor activity

" discussed In previous ~lesson.
2. Medsure one square meter.
3. Collect weeds from one square meter of
lush growth of local weed. '
b, Wash off the soil, dry with paper towel,
.and weigh, o
5 Dry the plants until they are crisp.
) (about one week), then weigh again.:
6. Burn dried biomass In can. Show the .
increase of temperature in water at .
. . least 50 Cc. N f Lo ‘
*Note-~1f sunlight is not available, dry the.
plants by placing them in a_warm oven or
under a lamp. ’
Calculate the weight change from the green
to dried plants. Calculate the-weight of _
one acre of weed. Discuss remaining questions
on "Biomass Energy' activity sheet.

& .

. . o7 . : o f
..

. . . , L
. 27 8, . 5.‘3:1 . . .

16 .
Biomass -
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A .LOCAL WEED"

HOW MUCH BIOMAbb IS PHODUCED
BY 1 SQUARE METER OF |

MATERIALS

| thistle, hyacinth, etc.)

An area with a lush growth of a Iocal weed
(kudzu, Johnson grass, honeysuckle,

Hoes; shovels bags; balance scale; meter stick’

-

16-A
Biomass

v

from one square meter of
lush growth of a local

‘weed.

~Wash off the sonl dry them
‘with a paper towel and weigh.

Collect weeds (tops and roots)

‘biomass ~ot
wild plant crop

" fresh

plant used |

weight ~

fdry

N

q

"~ weight

Dry the plants until they are CI’lSp, then welgh again.

Summary quesﬂons:

. Would the amount of

weeds in your area
be useful in solving
the energy crisis? .

What normally. IS; done

with the weeds in your

.- area? What are new
‘use of weeds grown
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& — ' —
Try this experiment using one square meter of

cultivated growth like clover,
barley,’or grass.

How do t’he weed
and cultivated
growth compare?

-
B - - *
- i- - - E
' .

- How much blomass could
be produced in an acre

of weeds? In an acre of
cultivated crops? ’

Try cultivatlng the weed.
Does it grow . °
v better with additional
A\ fertilizer and water?
-Try growing the weed e~

- with a hydroponic = .
__Solution. (See Activity 4.)

mr-

"What is the difference between a weed S
and a cultivated crop? \

Wthh plants, wild or cultlvated do you thmk

might survive best under unfavorable condmons
- like lack.of rain,\poor soil, or dlsease’?

[y

b .
L4 . A
o

Sclence Aclivities In Energy

.29
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i Biomass }-5 \Process. Skills '
- ‘ _ ) Measuring and making inferences.
X ! Question How much biomassis ~ A .
produced by 1 square meter of a weed?. £ o ‘
‘ >1 E _ - AN ' -
- Y
Time About one hour, depending on ‘ Materials & Progedure Clues R
- | distance to weed patgh. Twenty minutes for final - 1dent] h' d tudé
* discussion. Pive-day activity., entify an area where you and your students
R ) , can gather a local weed.
\ ~ ) | You'may wish to send a small group of
] ~ studehts:to gather weeds for the entire class.
| AR Objective Students will draw An acre containg 4085 square meters.
conclusions about biomass as a source of ~
enprgy produced from wéeds. ._ o
e = i
Jf&ﬁConcept A
|_Weeds produce biomass and are a source of energy. y
N ;;ﬁ j
Background
" There is ongoing experimentation with using weeds as a source of fuel. Methane gas Is produced ,
when anaerobic bacteria digest blomass material. It is estimated that one acre of kudzu, when
converted to methane gas, would heat and &ool a four-person home for one year. , .
Cutting and collecting the weeds makes the biomass-derived methane gas very expensive ‘
compared to natural gas. Using weeds which need to be cleared, such as waterweeds which clog .
waterways, might be more economical for methane production, especially as the cost of natural gas ;
continues to rise. : : . ' - ’
Note: If suniight Is not avallablb, dry the plants by placing them In a warm oven or under a lamp. - b
. - N ‘
A}
A - N
” '
- - . . ?- . J
Precautions ) - Strategies .
| watch out for poison ivy! ~ | | Before: Discuss measuring techniques. .
I After: Discuss summary question.
Calculate the wéight of one acre of the
, . ) ‘weed. ‘ « -
a@@; -
= Results A y
Generally, the weight loss ranges from 40 to 60
percent less.than.the original weight.
. ot - ) )
A - J\_ 30 - | y
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Day 5--Objectives: (1) Diséuss the effects of light in
o, e producing biomass. -
: (2) Discuss the effect of plant
. nutrlents in producing biomass.

-

C

Al

Materials: Seedlings (radlsh and beans), metric
o . ' ruler balance scale, paper towels,
tongue depressors,

Method: ‘ Refer to strategles in Biomass lwl.
Have students discuss and compare the methods \
and nutrlcnts used in the growth of their : o

'-radlshes. ' -
4 . .

Homework assignment--have students wr.te
a paper on "How Bliomass Will Be .Used in

' _ the Year 2000 to SUpplement Our Energy
Needs'. :

*Note: Dry the. bean seedlings in sun until ~ -y
_crisp over weekend. Weigh again on
Monday. :Discuss summary questions.

- : . B . .
) . N H )
. e .
. R i
. . - '
-
&
*
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. Biomass
Day 6--Objective: Blomass Is an indirect source of solar
energy. o
Materlal Dried seedlings, balance scale.
I
Method """" ~~4,., Welgh dried seedlings. :

‘2. Discuss which plants produced most biomass.
s 3. -Award students with the largest radishes . .
B blue ribbons. 'i

‘ : h, Teacher dliscusses the pros and cons of
biomass as an alternative energy.. = | -
5.. .Teacher collects and reads aloud some o
X students' homework assignment, ''How Biomass
5 Will Be Used in the Year 2000 to Stpple-
ment OQur Energy Needs'! ) N
6. Teacher discuss the progress that has b
. ‘been made, in biomass research. ¢
- 7. Summarize the future of blomass energy.
/ , 1 2
.
. o ;{';;J\} V j,ﬁ,* - h
: ’
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