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*codal conversion, boiler ccmbustlan, etc.), on nly those impacts

-

SECTION

INTRODUCTION AND ENVIRONMENTAL SUMMARY

7

"Tﬁégyﬁrpése of this -report is to présent and prioritize he

_major environmental issues associated with the further develop-

ment of biomass praductlan and blamass conversion systems. Bio-
mass production/conversion is one of the élght Federally-
N . .

H‘m

nzﬁ'a §Dlar technologies. T6 provide a background for this

enffironmental analysis, the basic concepts of the technology are

reviewed) ‘as are resource requirements. The pstént;al effects

of this technology on thé full range of énv1rcnmental concerns

(i.e., air and water quality, b;csystems, safety, EQElEl/lnstl—i

n terms of both
ns.

Although

a
itutlonal structures, etc.) are. then discussed

;i
their relat;ve sign f;cance and posslbie solution

' the further development of biomass production and conversion

will cantflbute to environmental problems comimon to modern

culﬁlvatl@g practices or energy convers;qn technologies (e.g.,.

A

unique to the solar portion ‘of ‘the technoloc gy will be discusséd

in ﬂépéh; Finally, an environmental work plan is presented,

1isting research and de ‘'velopment proposals and a NEPA* work blan

which might help clarify and/@r alleviate specific env1r@nmental

-

problems.

l)
a

o . B 7 o | ) . . /
: = = - ] - - e /

* For a discussion of NEPA documents, see SectionIV.
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. B. . Salient ;yi%cnménta;:and Safety Issues

1. Land Resource Requirements For Terrestrial Biomass

‘“
Tha;pfcductian of terrestrial biomgss as an energy source

requires ‘substantial acreage. Two oaﬁicns are available‘in plan-

" tation dESlgn‘ 1) the production of blamass as t?e sole activity

Df the plantat;on, or 2) the productlcn of biomass. in Suppert of

pcéer plant that generates ele:tflclty

,The;first design requires Eﬁough land to produce an econom-
:'icalli viable yield, or appfoxlmately 250,000 dry tgns (227,000
metric t@ns) annually.; Such IE§u1rement5 would -be in the range of
18.75 to 47 square miles. (49 to 122 Km ) of farast growth

per plantaﬁ;cn. Total aa:eage required to supply‘aQF percent

of the present energy needs of the U.S. would run between 1.5

'and 4.5 million acres (0.6 and 1.8 million hectares).

The second design offers a more concrete exampie of land use.
Forrexamplé;’supplying a "bas load" 100-MW powerplant with wood
would require a plantation area af 51 square miles (132 sz) total,
\ éf which 10 square miles (25 9 Km ") would be harvested annually on

a 5-year tree rotation scheme.

Unused laﬁd whigH” meets these acreage requirements is avail-

ble; however, patt;rﬁs of ownership, soil quality, water avail-

m

ability, and Compet;tian W1th food and fiber production affect

its use for biomass fuel groductlaﬂ_

2. Gaseous, Liquid, and Solid Residuals From Thermochemical
on

C ersion

‘[IJ

Biomas

[Ty

Thermochemical biomass conversion can produce gases, tars

.and oils, unconverted residue (char), and ash, depending on the



1 .
particular conversion process employed. rEéilutépts associated
with these Pr@éucts Sanéaffect air and water quality_as well as
land use. _Csmbustign'qfrthesé p:aﬁuét% alsQ can ‘affect the en-

%irqnment through combustion-related pollutants such as gaseous

emissions and‘ashigl?i _ ’ -
Fo
Thermaﬂhem;:al reactlcns geherate sulfurs ntaini 1ng g,sé
(§ ,, cos, 7W2, SDx) and n;tr@gen=:@ntaln1ng gases (HCN; NO_ NH
Because of the nature of the pollutants and the scale on wh;th

they can be generated during thermochemical reactions, sulfur-
e

mi
Eontalnlng compounds - primarily H,S - offer the most concern as
so

potential air pollutants. For these reasohs, similar coal-based

gésification proéedﬁres employ systems to remove or contral their

] o= . N 3 * -
emission into the atmosphere. However, biomass cgnta;ns_an in-

herently low sulfur content, and the production of sulfur-derived .

p@llutantsiaccurs at a much lower level than during coal gasifi-

-cation. Nevertheless, uncontrolled venting of these raw off-gases

-~y

ma} cause local air standard violations and possible odor prob-
lems due to HZS concentrations. However, the potential concerns
may be eliminated by flaring the gas -- _converting H,S into less
harmful‘quantiﬁfes of SO, and water -- or chemically treating

the gas to remove H,S.

_Thermochemical processes will-also generate ash, which is

present in the nonvolatile portion of the biomass. THis material

- does not undergo conversion and must be disposed ‘of. Disposal

may include land spreading of the ash™as a fertilizer, use in con-

struction materials (i.é}, cement), or landfilling (which would
affect land use). However, as with sulfur c@ntent, biomass ash

contents are guite low compared to coal; consequently, land

\:

requirements for biomass ash disposal ap% not as great. Further-

more, because of the nutrient value of the ash, it is likely that .

the ash will be récyclédeto biomass plantations.

. y“ '
Water quality can be affécted by gaseous condensates, low-

\

molecular weight oils, phenols, leachates. from char and ash resi-

dues, and scrubber solutions, all of which may enter water bodies

=
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through discharge from dispos

\H\

waters. These impacts may @e more acute if water is used in thg
rgactian; as proposed with some processes. . Adverse effects on
water guality may bé prevented by channeling wastes to evapora-
tion ponds, adequate in 'size so as not to require discharge into
Waterways. If required, chémlcal treatment of such ponds can be

employeé to reduce their pollut;an potentlal.

ecause sulfur and ash conténts are inherently low in bio-

re)

A1
mass, the secondary fuels produced from biomass (via thermo-
‘chemical. conversion): also will have low sulfur and ash contents

Thus, sulfuricantalnlng EmlSSlGnS from combustion of biomass

secondary fuels will be low, as will the volume of ash for dis-
po sal. .
3. Impacts Related to Combustion of Biomass (Wood)

ment. Fuel storage, fuel handllng, and ash disposal can also
affect théjsurféundinq environment. Air pollutants of concern
are those that are normally generated during fossil-fuel combus-
tion. They include particulates, nitrogen axid{iléand carbon/ -

monoxide. Water pollutants of concern are leac 25 from storage.

piles or ash deposits, although in the. latter case potential water
guality impacts will be guite minor if the ash is recycled to

plantation sites.

\ -

h jor air pollutant of concern from wood boilers is

ma
pa:ti&ulate m tt er, although other air pollutan§§ partlcularly

e
m
H

%carban monoxide, may deemlttéd in significant. amounts under poor
épprat;nq cond;%;nng Such conditions are not unique to wood

combustion: they may occur alsoadurlnq cambu tion Df fossil fuels.

)

type of particulate c@ntzal dev1ce, and furnace design and oper-

4!
4 -

~ponds and percolation to Subéurfacg

“
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ating conditions. Manlpulatlmn of these var ,bles tc achieve
optimal conditions can reduce air pollutant EmLSSLDn§a In
aﬂditi@nE sulfur oxide emissions from wood combustion are

ently low in comparison to thgse of coal or oil cgmbus tion,

due to the low sulfur content of wood. .

! : :
Water pollutants originating from the storage of fuel (wood)
and the disposal of ash may affect water quality, though to a much
smaller degree than encountered in coal use which also requires’

fuel

orage and ash disposal. Similar to sulfur EGntéﬁE, the
ash dontent of biomass is quite small, dand the nature of wood ash
ccmpa;ed to coal ash is: one of .significantly less petential harm
to the environment (thrauah trace elements present in the ash),
However, concentrated dlsposa} of ash in areas where discharge
into watérways;@ccufs ma§ thus affect the guality of local receiv-
ingiwatersheési Fuel- starage water quallty impacts result from

rain runoff from storage piles. The structure of wood prevents
water from leaching the maj@rit? of p%téntial pollutants from
within the wood, and substantial leaching thus does not occur.
Nevertheless, under poorly managed conditions, detrimental run-
off from storage QiléS -- in particular, those which contain wood
chips -- can occur, possibly affecting local water gquality through

. 'addition of suspended solids and,organic loads to the ‘water.

Generally, utility combustion of biamiss will generate most
pollutants encountered with fossil-fueled 3tilitiesie*ﬁgwever,
pollutants related to sulfur and ash contents will be low relative

to coal use.

' ‘ 9
4. Depletion of Soil quan1g Content Due to Residue Removal

= -

Recovery of agr cultural résldueSfand/Gr total harvestlng
. ,

i

I
i
-
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of drganic r551due c¢ontent in the soil. Enviropmental impacts
‘dlstlncf to blcmass pdeUCthn are assoc ;aﬁaﬂ ith removal of
- residues normally left' in the field as opposed to those normally
removed for disposal or sale. § by | g
o >

s

Crop residues remaining on open farmland play a major role -
in shielding soil from wind acticn, preserving moisture content,

and contributing organic content to the sdil. Their removal .will

C

in c:éase windblown dust and serve to de Qlé @ the organie soil
nt

content whiech enhances the internal binding of the soid. Fugitive

o

usﬁ'p ential would be further increased if total residue removal
was employed and continued fcr several gréw1ég seasons pro-

* 4

gressively reduc;ng the;bindlig;grgan;c content af the soil.
o Watéfrimpaéts will resylt from posgiblé'increasgﬁ erdsion

and résu;tént gedimént loading of local waterways. This squrce of_
pollution also results from mechanisms that contribute win
erosion.

L. LY : ' ) ]

Mitigation of potential fugitive dust and wat
-wguld involve those activities that shield the 3311 and/gr pre-=
'serve its organic content. Partial rémoval of residue gquan-
tltles 15 one p0551b111ty, though the percent that can be safely
rem@ved has not been determined. Pr1nc1pallyi ‘the use of "no- -£i11"™
farming inkcanjuncti@n with total crop removal schemes would cause
less fugitive dust than under till-farming conﬂitioAS No-till
farmlﬁg leaves the soil unﬂlsturbed for several seasons by not

emplaylng dls,ing for seedbed prepardtion.) No-till methods pre-

- serve root stfucture, providing aeration and organi& content to
>the soil, thus aiding its binding ability.
*
It should be noted that, as opposed to crop residue remova
i :

forest residue remgval may hgve beneficial
{ = B '

created by logging, operations can clog streams and incre




s : -

: H .

Dccurrancéxgnd intensity 'of forest fires. "Removal of these residues
on

mitigates such impacts and contributes to better foregt management.
. . N ‘
5./ Dlsp@sal of Waste 5ludge from Anaerobic Digestion

¢

3 . -
= . . s 1 s ¥ = )
+  Anaerobic digestion, a b;ag@nvérglcn process, is primarily a

" means for c?nverting animal residue- to usable fuyel, although it can

;bé applied to other organic residues as-well. Agxé;ablcsﬂlgest;gn
"occurs in an aueous mediuf and chsequently, water quallty impa
co

are possible. The sdurce of-these impacts is wastg sludge (uncon-

verted organics and residual inorganics) remaining from the diges-
tion process. é
. o ; | . |

Commonly, waste sludge from Emallgéﬁggﬁters is disposed of in
an evaparaticn!}agaon; for large digesters, application of the sludge_
as fertilizer may be employed. If disposed of in a holding pond,
fnfiltrati@n of sludge wastewater to groundwater should be prevented.
In addition, discharge from the pond into waterways, if it_occufsg
must be channeled into waterways with a sufficient flow rate to
dilute pollutants, If the sludge is used as a fertilizer, it should
not be applled to one area for an extended period. Such applicatién

.may_causg an adverse. bulldup of Salts ~and heavy metals in the sa;l

because digester wastewater or h@ldln% pond effluent may contain salt
%
loads comparable to.those present over much larger acreages than thase

¢ to which the wastewater is applied.
/ .

- = & : fg"s;—' :
Raw manure is sometimes disposed of ineoxidation ponds open to

4 . ¥ .
the atmosphere. By comparison, digester sludge will have less péliﬁt;on

potential than raw manure, though the potential is not eliminated by
anaerobic treatment.

!

¥
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SECTION II
. L %

BIOMASS PRODUCTION AND CONVERSION TECHNOLOGIES

. - ¥ .
i i? *,\

v '_‘?‘ (ﬁ i | | /.

‘A, Inttéduct;gn

As a solar tEChﬂﬂiéng biomass prcducﬁian and chfgr31En
is concerned prlnclpally w1th the phateéynthet;c gpecies of i
terrestrial and marine plant life. Within these organisms,
energy from the sun is utilized to transform eléﬁénts" f the
air, water, and sclL into com@lex Drganlc ccmpcunﬂs, é§€éfly
carbchy&rates. Essentlally, these: ccmp@unds cgntaln a portion.
of the solar energy vital %o their synthesis. BAccordingly,
blamass P&Dduétl@h atteépts to th;mlze phatcsynthes;s whlLe
biomass conversion attempts to exploit the energy fixed within
the cellular structure of plant matter. i '

The -overall photosynthetic process, in its simplé;t form,
is a series of oxidation-reduction reactions of yhich the be-
n

o
ginning and end pr@ﬂuafs may be represented in the following

équatign: - v
— = = S — - - - - = - - . - - - 7 = - —,’ - r»i. e e e : B N - s
6CO +<€H2D ;;ghF (CHZQ)E + 602
Carbon dioxide Car ydrgte !
-

The major source\of energy within the plant is the abundant
. maj 2N

and ubiquitous carbohydrate, cellulose, which is a primary prod-

uct of photosynthesis.* Unfortunately, phatosynth&s;s is a

limited process and theoretical yields can only be approached.

*  The heat content of most dry plant méss ranges from /7,500 /to
8,500 Btu per pouhd. This compares to 124500 Btu/péund for-
coal and 21,080 tu/naund for gasoline.




For ;;am@le, fcalculated maxima have indicated a utilization efflclen-
cy of '5.2 percent of total incident solar :adlat;cn and 12 percent

"11

of phgtgsynthet;callxvgct;ve rad;at;on (PAR).V Howevér, actual field
efficiencies generally range between 1 -and 3 pégcéntiEARilf " The ,
greatest drawback for biomass conY%;sign is thus the low:éffici%ncy N
of conversion. . / . b, L i

Neverthéless, biomass is attr ctive as a fuel source %ecause it

is renewable, unlike current major energyEﬁ%ur;és. In the Energy Re-

search and Dévelogment Administration "(ERDA) "Fuels From Biomass"

program, two priﬂcipal areas are ﬂQDS;dérE§{ Thé first encompasses

" sources af blomass, such as terrestrial and marine g:gwth and the col- ‘
lectlble anlmal‘manures (which contain large -amounts of undigested cel-

.

‘lulgse). Thls area is discussed above. Section II-C discusses the
nv

o
second area of interest: biomass conversion. Here processes are con-
sidered which convert biomass into usable energy forms. 'The major
. processes are thermoc] émlaal ccnver51on, biocéﬂversién; combustion,

= =

and direst hydrogen éroductloni

Figure II%4 shows the rnterralat;qpshlps between sources of bio=
, conversion processes, and secondary fuels. Interconﬂe ting.
are not drawn between sources and conversion technologies be-

3
cause all biomass, basically, is applicable to any ome process. Hou-
ever, some forms of biomass Are best suited to cefiain:tachnelag;es
and these will~be méntianéé’when appropriate. - .

- : 4 i . ’ . .

Biomass conversion encompasses both old and new technologles. Thé
old 1n21gda combugtion énd mlcroblal fermentation (bloccnverSLOn) ,The
new.include Eher ~hemical EDDVEISLQH and direct hydrggen production.
The 1nteqrat1@n between conversion technal@gles, biéma§5 sources, and
flnal u%es are often tenuausly formulated. Biomass conversion and::
production, as an ;ntegfaéeq design, is an infant_é@ngept; " For these
reasons, tQis study focuses on ihdividu;l areas of investigatién,,ré—

flecting the current program-.state of the art.

. o ) %

-9~ o : e
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‘B. Sources of Biomass

. - ‘ -
1. Terrestrial Biomass Gr -owth

The cultivation of biomass is a praﬁtice well established

throughout history; long ago 1t was re alized thaft Contr@llpd
e

a
farming c@nditi@ns-:oulﬂ;achleve’qreattr vields han encountered
D ec

under natural uncon;ralled conditions. uring r nt decades

o]

intensive cultivation é%acthas have lesul ted. in harvests un-

attainable in the earfier part of this century. Since 1934, farm.

. productivity per acre has tripled, and the output per man-hour has

2 . o . . -, .
or of SEVEh!*/ Modern silvicultural management

!
T
1
rt

. Fo_ -
increased by a

vields in commercdal forest growth,

0
1=
]
L
Lﬂ‘
cu

50 incres

w
st
o

practlces have

[

althouqh they have ﬁ@t been able to achieve full yields in some
areas. It is in therlight of now-common statistics on record :
agricultural and timber hafvestg éhat consideration of biomass
as., an energy source has taken place.

The concept of a biomass plantati@n" follows from this v
Rather than Serv1ﬁg as a food or fiber resource, biomass would be
gr

rgy content. The goal would be to pro-

H"I
-
W
w
D
=

wn expressly”

3
0]
Y
n

m ( ured in usable Btu s)
per unit time and space at the lowest possible cost and w1th a

minimum energy expenditure.

The biomass plantation, or energy farm, is a concept inci g ent
in its application. Limitations of its use include the relative
low efficiency of the photosynthetic process, the limited avallé

nd the inevitable C@mpétl‘lQn with

[

ability of productive land,

i

food and fiber cultivators for -farming resources” (Water, land,
fertilizers).. The principal advan taqp over other energy sources
ally renewable. Thus, p@téntial appli-

m
cations of biomass have been focused basically in two areas: (1)
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-

é}gh yield crops, rich in energy content, and|(2) the use of °

répid growth, shart rotation tree spegies. e )
e !
Within the first ategcry there are many! ﬁ?éCl s of high

vield crops from which to choose. Unfortunately, féquifemeﬂts of
sunlight, climate, soll, .and water tend to limit the Cultlvatlan

of many such plaﬁ%s to areas already used fDl food ploductlon
Ideally, blomass crops and trees would be gzgwn ;n areas- “where

" such g@mpetltlcn dges not. take’ place (1. e.iféﬁ'mérginai'lands) - S
1Hoyever,=1t 15 wgrthwhlle to exam;ne agch hlgh qrgwth sgac1ea,lqﬁfl’
 since the%faemonstrate several de51rable éharacterlstlca of a

173/4/

biomass fuel. Some of those be1ng ;tudled are m&ntioned herein.

® Sugarcane 1is pr édomlnatély grown (in the continental U.S. )
i

in Texas, Louisiana; and Florida. It is a high yield crop

k1]
",

/ capable of sprouting from its chopped stubble (i.e., it is
thé

H

a "ratoon" crop). Yields of cane in Florida .unde
ratoon system ES years i.é harvests) average approximately
47.3 tons/acre (105 metric t@dsfﬁeétaré) wet weight. This
corresponds to a dry weight valué of 13 tons/acre (29 métric.
tans/he;tare),J it has been suggested-that if the ratoon

;system were abandoned and reed éaﬁe were plantéd éach yea

cane would be harvested each crop.

=

® Sugarbeets are capable of YLF lding 25 tons per acre-year

(56 metric tons/hectare-year), but hi%h vields require an-
ability to control water availability.and =itrogen.supply.
« One ton of sugarbeets requires a prnxlmately 10 1lbs of

nitfogen (4.9 Hg/metrlc~t®ﬁ), dependlng'on location. YAl-

v,__.l
EL
[=H
=]
+
.
m
I"’
U]
ey
o
-
T
T
)

[

though there is more suitable for sugar- -
beet production than for sugarcane, sugarbee

Ir
usually planted only once every 4 years because of

Tty

lisease problems. e

¥
T iy

[ —
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® Sweet sorghum is anothgr plant capable | 6f rato@n Crops.
Since yields of 20 to 50 wet tons per acre (45 to 112 metrlc

t@ns/hgctafe) in Tex a; can be produced durlnq a 140- day

. growing se asan, 2 crops per year are possible 'in conducive. .

S

locales. 5we§t aum éiga may be grown over a much(w1der

-

geoglaphlgal rangé t arcane. _
e Kenaf is an annual, plant reproduced by seed only. It has
a fibrous naturéf175i cellulose) and, as a potential . pulp
crop, is SEVElBl stimes more pfoduCtLVE #han the traditional
pulpwood trees. Yields of 20 tons’ (dry) per acre {45 metric
tong/hectarg) have been f?pﬂftéd in Flar1da.> Kenaf reguires
‘wet lacales and fertilizer ‘for optimum gr@dﬁhﬁ per pound of

dry Eanat, about 0.01 1b N, 0.005 1b PZDS' aﬁdzD 01 1b K

3

. . =
are required.
The, cultiv atlon of crops for fuel has the advantage of obtain- 73
ing high yields over relatively short time spans (6 months to a year) .

Ir addition, the sugar crapg (auqafca;e, sugarbeets) are capable of

i

providing starting materials - simple sugars - from which ethanol

~-2). However, crops have high

|
V
ﬂ\

may- be derived (see-section II-
ization, and present storage prob

¢_u

moistur® contents, gequlfe fpﬁ til
lems as many have a tendency to spoil. Because of certain limita-

tiang lﬁhéféﬂt in biomass crops, the utilization of trees as an

,,,,, uti

energy source may have certain advantages. Trees are hardy plants

able tOfwlthétaﬁd a wide range of Cllmates and lotales. They Te-
pnen

guire - less intense soil preparation than other ;fépq, and they w;ll

not spgll in the field. Furthermore, most hardwood spe@ies Wlllk

F v
-ow from shoots after cutting), .which gives them thé!
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/
cellulose content, and is capable of sproUting profusely from.a
stump. Moreover, it 1is rémafkably adaptive to different loca- )
tions. Short-rotation schemes’ for the éucalypﬁus usually require '
a schedule of 6 to 7 years he fQLE Luttlnq.g/ The pulp industry

' gerhaps glves the bE%E silvicu ltulal model for a biomass planta-
£ion. It employs short-rotation hardwoods capable of being
harvested on a 3- to 5-year scheduleil/ This system entails the

ung wood and using the entire above-
(bark, bmanches, and bole). In an
e

) o . . -
energy plantati ion design, :these trees may be cultivated as row

. . . i Y .- '
crops and harvested by coptentional sildge crop harvesting P
L ‘ o
egulipment ‘m
Besides sucalyptus, potential tree species for a SllVlCultural

@ hybrid poplars (New England, Minnesota; 7-year -rotation);
and :
® Jgreen ash (Nebraska; 8-year rotation).

per acre-vear (1l to 27 metric téns/hec%are) under careful manage-
sment, expectations would be in the anqe of 16=-20 dry tons per acre-
year (36 to 45 metric tons/hect are).s/ By comparison, é;pé?tad
agricultural yields within the framework of an energy plantation
are given at 20 d}y tons per acre-year (67 metric tDﬂS/hECtéfE).L/
J : v

Whether uﬁll;é;nq crops or trees, the basic design and land

requ lar As an agricul-

el

T ~14

Q .
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derivation Df synthetic fue%%\would probably b
- N e a

modifications such as the harvest of roots a%d crowns and the use

of understory or shade-loving crops (grown beneath the canopies of
primary biomass crops) have been suggested. TFor managed forest
gfowth, grgitices similar to those used by the pulp industry likely

or Combu:tlnn or
located on energy
as the center. This
would couple enerqgy production with conversion, minimizing tran
portation of the biomass to the conversion facilities, and would

] n
probably aid in reducifg total (biomass production and conversion)

land requirenentsg. .

land are nekded. From an economic per-.

spec gy plantation would reguire enough land to generate
a sustained yield of approximately 250,000 dry tons (227,000 metri
tons) gnnual;yQEF Depending on land, climate, dnd crops 7r@®n, such
land requirements would be in the range of 12,000 to 30,000 acres
(4,800 to LE,lDé hectares). 1In 1974, the gross energy requirement
of the U.5. was approximately 7.3 x 1016 Btu (1.8 x lQlfJ Rcalﬂ.ég

If terrestrial biomass were to supply one percent of this need,
approximately 4.5 million acres (1.8 mill?on hectares) would be needed
for total t ¢ lion acres (0.6 million hectares)

(unused and in adeqgquately-sized trac
~ . 5 _ _
ultural plantations / From the standpoint of ease of conversion

‘a biomass heating content of 8,000 Btu/dry 1b (4,440

* Based on
Kcal/Kg) and average yields of 9.5 dry tons per acre-year (21.3
metric tons/hectare-vyear) flor crop growth and 30 dry tons per
acre-year (67 metric tons/hgctare vear) for forest growth.
4
~15= ~,
R
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tajgroplaﬂd a 1975 USDA publ tion reports that the major avail-

58 million acres (24 million hectares) of pasture and range]i the
Mountain States [15 million acres (6 million hectares) ] » and the
Corn Belt [about 12 million acres (5 million hectares) ] 1 This
acreage is not presently in cropland use; however, of these 85
million acres (34.4 million hectares) 99 percent have problemgg of
erosion, wetness, soil limitations, and{or climatic hindrances
that must be overcome before cultivation can take place economi- .
cally. Moreover, for much of this land strong physical, EGQDOﬁlE;
and institutional factors have kept it out of cropland use. These
include size of’ land tracts, patterns of owhership, and eaSe.and
scale of development, '’ , '

Because an individual biomass plantatlon will require a iarge
land area, the ERDA estimate of 3 mlllan acres (1l million hectares)
which includes only large, unused, available land tracts, prob- ’
ably reprecsents a more practical account of available land. How-
ever, institutional and economic factors will limit, to a degree,
how" much of this land can be used for biomass "energy" product bn-

in the near term. L - J

¢ "“‘\j

2. Marine Biomass Production

Tho oceans cover some 70 pércgnﬁ of the éartﬁ‘s sur face and
receive over half its natural insolation. In thlE respect, the
ogeans contain approxi mately 5 to 10 tlmé; more p@tentlally pro-
ductive surface than land. 8/ Yet, in contrast to exploitation of
marine animal life, farming of marine plant biomass has never been
realized to any. appreciable extent. However, the increased démand
for food and'é%érqy has led to serious cgnsiderations regarding
the farmlnq of marine biomass. Thig:concgptﬂis principally repré—

sented,in the Ocean Farm Pro

|_U

ect, a three-phase effort designed

¥
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—
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“weeds, which represent the greate

"

ERIC

Aruitoxt provided by Eic:

- is shown in Figure 1I=E7 . . [

contained in DVEEIlOD,ODD acres (4¢,000 hect res) of open
9/ ©o
{ "

‘The marineg farm concept is ba

o>

d orn the use of

ol
i
m

]

atta
t amount of collectible plant
-~

.

.matter in the oce

V"’E
jot
o
wm
rt
a1
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o

Hm

. These seaweeds have been used’

Hi
p

=E§
purposes in the past becalise they could be ?athered from their N
naturally occurring, beds. The collection of the larger kelp spv=

ents of iodine, potash, and algin repr esent

i ﬂ"

E .
area. On the Pacific Coast,

P
ic, efficiency af ib@ut
i
of FJE brown algae,
é am of a young Elant

&

blish, by 1985, an operating "demonstfatign" marine farm |

In the Marine FTarm (MF) Q@hﬁept, the holdfasts of ME&?DCy:tl;
: polypr ;y lerde lines fOfmlAg a gfld ﬂ@{s

- o
’fa féetj(IS to 31 m) beliw the ogean surface.

Figure II-3 d a
Y
employed at an experimental MF site. . .
i >
Anitially, the kelp plants are blaught by divers from their
ﬂatuéﬁl beds to the grid structure, Y¥here they are placed 9 to 12
N _ , ) 4 -
(0.2 to 0.3 m) apart. This growth density 1s EKPEC%éd to yield 34
tons of wet harvest per acre-year” (760 metric tons/ hectare-=
vear). This corresponds to approximately 34 tons of dry har-
vest per acre-year (76 metric tons/ hec aré1éear) at an energy
L J‘p
- ’
,
Y. -17-
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i

T
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; FIGURE Il-2 "
DIAGRAM OF A YOUNG ADULT MACHDCYSTlS PLANT
(AT A DEPTH OF ABOUT 30 FEET)

N “; .
s ' : | >
—&—u e OCEAN SURFACE e f p e

- : 1 ‘ “ , i i\ii:;} ;— ;

L

L

DIAGRAM OF YOUNG ADULT MACROCYSTIS PLANT.
A, HOLDFAST, B, PRIMARY STIPE; C, STUBS OF
FROND; D, SPDHOPH‘%J( CLUSTER; E, JUVENILE

FROND; F, SENILE EEOND: G, STIPE BUNDLE; H,
APICAL MEHISTEM ROOT INVOLVED—PLANT
TAKES ALL NUTRIENT DIRECT FROM SURROUNDING
WATER. _

) {

PAruitext providea oy enic fleo

Souk- KC ncerning the SE|ECtIGﬁ of Seaweeds, Reference 5.



) . FIGURE 11-3 , N/
HORIZONTAL AND PLANE VIEWS OF FHE GRID SYSTEMS ‘
CONSTRUCTED BY U.S. NAVAL UNDERSEA CENTER .
OFF SAN CLEMENTE ISLAND AS A SUPPORT FACILITY /
‘ FOR MOORING KELP FRANSPLANTS
\ o

=

gECﬂO ib. Anchor

-1/2 in. Chain (90 ft.}

3/4 in. Stainless Stesl Cable
5/8 in. Stainless Stesl Cable
2 in. Polypropylens Rope
1.in. Polypropylens Rope
3/4 in. Polypropylene Rope
6000 |b. Concrete Clump
3000 Ib. Concrete Clump

5 ft. dia. Float

1-1/2 #t. dia. Float /.

FARLCIQMMO ) E >

SOURCE: Evaluating Oceanic Farming of Seaweeds as Sources of Organics and Energy,
W.J. North, West Indies, 1975. Reference 11. { .
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of 4,400 Btna per d
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harvesting technicgues are

1 ing.opera
the kelw, later ”iShiﬂﬁ,ﬁﬁd
IS

at the wharf,
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) " Three small experimen

off-the California Coast: ©
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TN z/f ,one grid has shown ;tLU%ﬁULBl failure, and it is difficult

to draw conclusions, 5lnCE&théﬁtWD other structures liavg

1
( . storms has not been adequatély tegiéd_ To datg, at lea

e
been destroyed by Vﬁa%éi passage; ‘ -
® The ability of farm plants®to be repeatedly harvested with-
out tearing lopse from the mesh has not bheen i’njiatféted;
® The m@oring lines of the grid structure hav%?g,tang,ed the
kelp fronds, hcldlng them down and frequently destroying
. ' .. the attachment F@ the plants through chafing actions.
- Wooden beam moorings used in later operations have greatly
/ ° reduced this problem; |
e Frond growth.rates have been inferior in the deep water
settings of the rafts. Evidence indicates that this slow
growth 1s caused by lack of dissolved nutrients; and
® En?%ugtatlan problemb have developed with some of the plants,
but "there is indication that this m®y be ﬁué partially to
Slower(gréwth rates. )
The major concerns involve iev lopment of an adequate grid
design to weather various open?gééaﬁ LODdltang and. the design of
a fertilizer system to supply the necessary nutrients which are

j absent in an open-ocean environment. The grid structure is con-

7 tlﬂuausly bélnq modified to offset stresses encountered in test
Cﬁﬁdltlonsiﬁﬂd so far, results have indicated thaf these strac-
tural problemf can be solved For the second prOblFm, fertilization,
there are two areas open for invegtiq;tiéﬂi direct nutrient=addition
and artificial ocean upwellin® ..

Surface waters of the open sea typically display low lovels
of plant nutrients such as phosphate and nitrate ions and, chus,
nutrient renewal might be a seriocus problem for an oo AN
moored in deep wat_er.lz/ At the Crystal Cove experinaenlal T,

.
Qo . -21= .
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. al marine farming locations in general Pacific
: 13/ , ; p
and -Indian Ocean areas, . f§?
g
These sije surveys have determined there are at l%aqt 10 ,
candidate ocean farm sites that, from cursory examination, appear
=
& . . 3 s
to be well consideration. A partlculaf p@téntlal

whigh consists of

arca is the ipelago,

sites, totalling approximat=aly 3,355-sqguare miles (8
LI

OVPlelF

in the Pacific

included

fertilize the Macrocystis tfﬁnﬁpldntg by
eachate devicesiwhich released nutrients over time to

rtundtglj, adverse weatheribroke these deﬁlce%

method, however,

-based fertil&zef

Thugf

of artificial deepwater up-
r pumps whlch will cir-
“ace. Tl&SE deep ocean
of nutrients thqn sur-
f up to thirty times the
found at depths of 300 feet
: ;0. desirable because

surface waters are too warm for optimal gf@%%h.
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,fi Farms in these locations would utilize existing shoals and islands

to minimize deep moarlngs in large, open-ocean areas. If such
fareas demonstrate that biomass growth 1n the ocean can be supported

ﬁ*under managéd conditions, many bénefits cguld be'feallzédi

i
1

¢ Macrocystls may be uSed for 1ts fertile, chemlcal and

flhfcus cgmpanénts as it has been in thé past, or it may be con-
e

verted to synthetic fyels by one or more conversion processes

(o)

(the magor one considered is anaer@blc digestion). Regarding its

value as fODd Macro:yst;s ig under study tg determine its poten-
tlal to pr@duce a high-protéin animal feed. ' :

e
- e =

L

.8 ¥R i3 -

: 3. Eidmaés*EesidﬂE?

The Uﬁitedfgfaféé each yéar=génerateg’an enorméus quantity of
organic wastes fﬂunlalpal refuse is. the most then cited, yét there
is a greater -abundance of @rganlc solids manlfested in the cellu-
losic wastes of a%rlcultur%; and 51lv1cultura1 opefations and the
manures generated on cattle feedl@ts and dairy farms. With the
dgvel@pment of biomass conversion schemes from existing and pro-
pgseé te:hnéIbgies, these residues are becoming increasingly
_attrac P

residue are viewed as P@tentlal energy sources within ERDA's

;vg\as energy sources. Pr -incipally, three categories of -~

4 "Fuels from Biomass" Program: (1) crop rafusg from agriculture,
(2) logging residue from silviculture, and (3) collectible manure

. wastes. Ease of collection ané the narmal destiny of the residue

‘material must also be considered in ‘the utilization of “these

materials for energy.

&

Residues from farming operations are produced seasonally,

ati
approximately 322 million dry tons (290 metric tons) of crop resi-
dues being generated each yéar!l /  Forty-eight:percent of this
\imaunt is residue from small grains and grasses, while an addi-

-ional 35 percent is from grain corn and sorghums. Rice straw,




{ = = =
. cotton gin trash, and some sugarcane are among those crops par-

tially wasted, burned in the field, or céile:ted and dlsEased of.

Some crop residue is used as a fuel at pr@22551ng sites (three

percent of the total residues). This includes sugarcane mill o
_waste, call *) e, which is :@mhugt§a*af“m*11 sites to prcvide

process energy. . Of  the :total, cr ap residues] however, almost 75

percent is returned to the soil. : While controversy exigté over

what fraction can be remove >d f" energy CDHVEIElOD w1thaut ‘adverse

tial residue energy feédstock. Includlng contr;but;@ns from other
categories, approximately 278 million dry tons (250 metric tons)
of crop residue are thus considered avail

i
normal operations, or realistically collectible. : o '/

A second abundant source of biomass waste is that of logging
residue and, to a similar extent, pﬁlg and papermill residue.
Logging residue is generated by common timber practicesiwhich
utilize only the -trunk of the tree; leaving behind large secondary
items and bark (when onsite debarking takes place). ‘Mill residue
is that-génerated'at mill sites of lumber, plywood, and pulp in-
dustries.. Less than half the volume of a log at a mill ends up
as lumber or piywaad; the remainder is comprised of items such as
bark, slabs,,edgings, cores, and sander dust. However, the focus
of biomass energy conversion is on logging residue left in the
forest. Th¥s portion comprises 33 percent of the total wood resi-
due gene;ated each year from both forestry and mill operationsi
This residue so far has found little sustained use because of its

scattered origin and the cost of delivering it to a point of use.

7 %

* This is a valuable disposal method. Roller reports that leaving
grain residue on the land results in approximately a 25 percent
nitrogen return, a 40 percent phosphorus return, and a 75 per-
cent pﬁta551um return.3/ Returning this cellulosic waste to the
field al o provides soil conditioning, since fibrous residue in

the soil SllDwL aeration and serves as a source of organicsg.

l
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a%kni
! Griglnates from féedlét cattle, Swine, shéep, and p@uLtry cpera—
tions. Agpraxlﬁately 36 mlll;gﬁ dry tons (32.4 metric tons) of
manure are generateé 1n thase and 51m11ar.éperat1ans each year.
Gf thls total, about 26 mllll@n dry tons (23.4 metric tons) are
:wf onsidered collected ar*readlly available. It is 1mpa:taﬁt ta dis-
-’ 2Eing sh between confined feedigt and range fed procedu:es in this
case. Manure accumulating on range land %s ‘more dlff;cult to
collect than manure accumulatlng in confined operations where col-
lection of wastes for disposal is a necess;ty Manure ccllected
under feedlot :anlnement may be ‘kcred in piles for more than si¥
months at a time, and some large operations provide shelter for it
_until it is used or djisposed of. A common practicé is to sell. or
_; trade manure as,fértiiizer to nearby farmlng aperatiens Where
fﬁv*dispasal is required, lagooning is the method most often - empl@yed y
, ) | = _(
To assess systematically the quantities of waste géﬁératédk
and/or available for energy conversion, a national residue inven-
tory has been initiated through the support of ERDA and the
National Science Foundation (NSF)iléf Intermediate results have
been reported, compiled from a national, county-by-county computer
data base pertaining to residues of crops, forest and weod products
and livestock and poultry manures. A summary of these findings

~is given in Table II-d.

he residue inventory includes crop residue both in the field

=

and at packing sheds, but excludes food processing wastes other
than bagasse and sugarbeét pulp. It also- excludes hay, forage,

qreenhouse, and experlmental Crops. In the case of manure, only

those produced in confinement are included. 1In the inventory

of forestry residues,

and logging wastes are considered.

=
[

i

=]

the =t quantity of residue avail-

o

It sh@uld be realized tha
able is only a fraction of the tdtal produced. This is due

to the existfng use§ for some *esidue classes which restrict.
their availability for other ainifatlons sueh;as eneréy .con-

version. Table 11-2 summarizes current residue disposition.




TABLE 111
AGHICULTUHAL RESIDUE GENEHATED o
1105 nav TONS (108 METRIC TDNS)] . ¢

/{ IR TOTAL AVAILABLE © COLLECTED
' ,Crop  _ .7 322 (292) 278 (252) . 7183
. - Manures” E w38 ( 33) 26(249) ST 26(24.0)
WY Forestry -7, 116 (106) . _Nanm - T 76 169.0)
Total 474 eﬁm : 418 (379) . ..~ 109 (99.3)

TABLE 12
_ RESIDUE DISPOSITIONS
(108 DRY TONS (108 METRIC TONS)]

. "~ CROP MANURE FORESTRY _TOTAL
o " Returned to Soil 237 (215.0) 26 (23.0) - } ’zaz (238)

. Fed without Sale 61 ( 55.0) , . 1(5 ;"F
Sold 13 ( 12.0) 5 ( 4.5) 38 ( 34)
Fuel 9( 82 - 19 ( 17)
Wasted - 2( 1.8) 6 ( 5.4) , 59 ( 54)

Total , 322 (292) 3 (30 116 (106) 374 (439)

Source: An Evaluation of the Use of Agricultural Residues as an Energy Feedstock, Ref. 14!
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" (426 mgtric tons) represent .a péteﬁtial energy return of over’ .. s

- . . b \

fissuming 7500 Btu per dry pound (4200 Kcal/Kg) of biomass

rééidﬁeg=the ‘total collectible waétes of 474 million dry tonms

7 X 1Dl5 Btu, or appraximatéiy Gﬁé’geréent of the total current
energy needs of the U.S.S/ Collection systems are now ava{lablg;'

for all areas of biomass residues - crop, logging, and manure
e -

e

wastes. However, the economics of collecting and processing such
TR it . : ) , , L T s #
residues will dege;mlneg in pa¥t, the amounts available for near-

term energy use.

, Ea



B o CZkversiGn Processes ' ' AN
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1. Thermochemical Conversion

Tﬁerm@shamistryg bg:définitign,'is the utilization of heat
to bring about cheﬁiéaL’féactiQns between substrates or within
a substrate through rearrangement of molecular structure. ‘The
goal of thermochemical application to biomass is the production -
of ca:banacaaus gases, oils, and combustible char which- can be .
used as fuel ;n cher applléatlons and wh;ch as séccn&éfy fuels,

f

=
o

s in all biomass conve r51cn processes, the pr;mary materia r
Conversion is the cellulosic matter of the biomass.

- . H i _ "
- a t : .
4 - —

~ The fallgw;ng subsections déscrlbe conversion processes avail-
:able for use Wlth blamass feeastocks, 11 of these processes

have been appllEd to Sther materlals such as coal and solid waste

‘j

(wh;ch has a hlgh cellulosic content after separatlon "from
1ncrganlc campanénts) hOWEVEf; much of their application to bio-
mass has been isolated to laboratory sgale projects used -

to détérmipé feasibility. éTQ date, only a few therm@Ghemicél;

bi@masé‘ccnversian projects have taken place on a commercial
i 4 .

demonstration scale.
Ja. Pyrolysis ‘ . | ¢
a ’ A ; ) _ . L
R Pyrolysis is the « emical*dec@mpositign @§ substances by the

action of heat in the absence of oxygen at- atmospheric pfessufei

When organic materials are subjected to pyrolys;s, three . types

of fuel are produced in various q&?nt;tl25= tar and oils, char,
and carbonaceous gases. The feed-type, preparation, and reaction

temperature determine the relative vields of each product, and
the rate af heating can 1Qfluence the composition of the gas:
high heating rates correspond to an increase in carbon m@naxlde

and a decrease in carbon dl@ﬁtdé

]

=
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' .and dried feedstock, swept by helium déWn a long irfn tube tha€

¥

rThe use of pyra1y51s in biomass canver51gn has 1argely been

examined in light of large-scale pyrolysis projects undertaken

in waste resource recovery. After separation from 1nafgéﬁlc com- .
p@ﬁéﬁtsggmun1:1pal waste i5 found to be quite 51mllar tD biomass
in cellulcse content; therefore, agpllcatlan of pyrclys;s to bléé”"

mass 1is not w;thaut p:e:edent
— - F :‘ .
’ Laboratory studies have demonstrated the pyrolysis of various
biomass materials, among them bovine (cow) manure, crop waste, :
wood -waste, and paper wasté. All have been effectively converted

to chars, oils, and gases. Simple procedures have used a mllled

was RFOQIESSLVEly heated to 932°F (SOD C) along!;ts 1ength.¥5/

More advanced pracedures have employed batch feeding EED 100 lbs
(22-45 Kg)j to a stainless steel, fixed-bed retort which heated

the materlal to the de51red temperature in an-air-deficient atmo-
sphere, The pyrolysis products then were passed thraugh a water
solvent recovery train where ‘tar and heavy DllS lighte¥ oils, and
tar-fog and mists were consecutively removed. Acid éﬂd alkali wash_
towers removed. gaseous prcducts such as ammonia, hydrogen sulfide,

19/

carbon dioxide, and hydrogen chloride not removed in water traps.™
. - |

Table II-3 presents a summary 6f the pyrolytic reactions of
bovine manure, rite straw, and pine bark. About 27 pEfEent of
the total oil vield from cow manure was a llghtef, predémlnantly
aromatic ffécti@ﬁ, consisting of about 87 pgrcent bengeme, tol-
uene, and zylen.s. The recovered gas was typically a mixture of
25 percent CO 18 percent CO, 27 percent Hﬁ, 22 perCent CH4,

4

!

¢

and 7 percent other hydfocarb@ns (all based on a 1652°F (900° C)

. . 1€
pyrolytic feaﬁt;an). «/ The char or residue was incompletely
reacted bic zqs which could Qe combusted as a fuel. Because bio-
mass has an inherently low sulfur content (apprahlmately 0.3 percent),

ek
il

€ iv

d fuels, such as char and oil,

T

biomass-

=
i

i

i

jan
I

A
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advantage of t

a
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1s the consequent low-sulfur ¢ of the fuel.
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HEATING
VALUES

YIELDS {PER -

- TU.‘.” OF FEED)

" | . TABLEIIQ o
S FYEOLYTIC PHGDUCTS OF VARIQUS FEEDSTOGKS s
' i BQVINE WASTE * RICE STRAW DRY PINE Bﬂﬁx“ x

Temp [°F een 1@@00) o :mmu(mm 1,650 (900)

Gas [ft3 (m3)] 340086 8981 (1) 2184 (572)
i Jggl_ (- CoMI0MY . M0MD 55 (08
Charb (Kgll = - ' 728 (30) 800 (384) 630 (286)

moisturs) o ._
Gas [Btu/ft3 (Kcal/m3)] 450 (3.2) -, 662 (5.1) 472 (3.4)

Oil [Btu/gal (Kcal/1)] " 0.1 x 108 (6,649) - D e e

Source: Schiesinger, M.D., et &, “Enrgy from the, Pyrolysis of Agricutturs Woses,”
Symposium; Prmmg_gnﬂultural and Mumdpal Wastes; AVI 'Pubhshmg Co.,

© Westport, Copn., 1972, Ref. 6. Y

. ] .
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Aruitoxt provided by Eic:

EKC ‘

e,

Food Bt/ (keal/Kgl 7,110 8O 36% 6080 (43T 8360 (e,

Residue [Btu/Ib (Kcal/Kgll 7,290 (4,042) » 7,380 (4,091) 12,920 (768). |
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- s The disadvantages of pyrolysis are the fairly hlgh techn .

év-sk;lls required in operation and the requirement of a dry fe edsz A
stock (wood waste often contairns 50 percent moisture). ‘However,

3 an . advantage when compared to moye advaﬁ%ed thermochemical systems

such as hydrogenation or gasification is the absence of Eostly,

i

£

= i
r

ﬁlgh -pressure equipment.

" b. - Producer Gés.éenEfatiéw .
e The producer gas, or lgw Btu gas geherato is a variation of
the technology of pyrolysis. 1In a gas préduaer, the solid fuel

(L.e., biémass) is burned on a packed bed with a limited air Supély

L1/ A self sustalnlng

at a temperature in excess of 2010°F (1100°C).
partial combustion of the biomass takes place, producing sufficient
heat which allows pyrolytic react;@ns also to occur. , The result
is a combustible solid (;har)@ané hot, combustible gas composed
prinéipally of carbon monoxide, hydrogen, nitrogen, and carbon

. , éiokidé_: The Eét gas is suitable fcr bufnlnq in appllcaiiéﬁs

slmllar to natural gas if a ;raper EDEEIE and fllterlng mechanism

are employed, or, after cocling, it may be applied to a small spark

X 17

ignition or diesél engine. o .

A

=

Producer gas was used extens;vely lnﬁthe early part of this
century) when many towns and cities had a "town gas" or "coal gas"
plant which supplied gas for lighting and other residential ahd
commercial uSesilg/ Gas producers using biomass as fuel also were
developed using such items as wood waste and straw. 1In 1948, the
U.S. Department of Agriculture (USDA) Laboratory in PEGFia, Illinois,

roduce a gas with a heat con-

0 pEICEﬂt Co, 15 pércent HEE 3 percent CH4 {(methane),

percent CDE’ 2

e 17/ § o i
and 53 percent Ny~ Depending on the scale and operatingivaet \
ables, pyrolytic oils uld also be produced.

~

&

N

— B



A commercial, 50-ton/day (45 metn;gfi@n/day) demonstration
praducer=gas plant that operates @n sawmill wastes is lacated in a.
wood yard in Cordele, Géargla, ané has been in aperatlan for m@;é

than 2% yeafs 19/ . The char pfoﬂuced is sold Qn\the commercial
ie

bon market. Th, 0il produced lS used in an oil- f;red kiln dr
pdrtion of the gas is ed to dry the feed and the remaining gas' is
flared. This large demonstration plant is the result of wark‘déne

on pyrolysis by the Georgla Tech Engineering Experiment Station. (EES).
six ton/day (5.4 metric t@ns/day) pilot plant was canstructe&fin

\H B

1972 on the Georgia Tech campus for théagrégessing\gf various wastes,

[

n¢

-

uding peaput hulls, wood chips, pine bark, and cotton gin wastes. %\
" In this §e$1gn, waste 1s placed in a receiving bin where it is then
fed to the reacto: by a conveyor belt. -The system is capable of
Qircce551ng 300 taaSDD pounds (136 to 227 Kg) of wasta/hgﬁr depending

n the feed-type And m@;sture canient x

The gas producer, because of its simple boiler design, is

S

~also being investigated for use in ¥mall or mobile units. The
Unlver51ty of California at Davis is ‘experimenting with a small
_gas producer that uses crop residues for fuel. Though gperatiﬁg

' va!lables are still being tested, a 4- cyllnigk ajr-cooled engine
has been run some 3 to 4 hours with few problems, supplying

shaft horsepower to an electric generator.l7/

In the past, a large number of mobile gas producers were
developed for use on automobiles, trucks, and tractors using char-
coal as fuel. Th@uqh vehicle power may not be the desired '

~goal, the portable unit would be capable of pdeUElng shaft horse—
?qfer for other uses. CDUplé&\Wlth potential melllty, the

producer gas generator has the furthér advantage of- requl ing
b,

little technical egpertlae in 1ts opfration. For these reasons,

application of. the producer gas generator to crop residues at the

[

source site (i.e., the farm) is fedsible, with certain limitAtior -

As a selfas staining, partial combustion system, the gas generator

_ j -
3




" does deméné a arier féédstﬂék than isiféquiféﬂ in éther thermo- '

chemical p%,,'sses where an external heat sotfrce is supplied.

. .

c. Hydrogenation

a chemical process characterized by the
T’~'addlt;en of h garagen to organic, compounds to thaiﬂfan oil with
a hlgh hydrogen to carbon ratio. It is an ‘xothermic reactlan, -
. but in the absence of a suitable catalyst lt Eraceeas at a
negllglble rate, even at elevated temperatures. -~ \For this reason,
<€;;gh temperature, catalysts, and. hlgh pressure often' characterize
e hydregenat;@n proce éss. In converting cellulosic materials
of oxygen in thgjdegradat;cn of” the large cellulase polymers to:
form smalleq/mclezules with a higher hydragen to carbon ratio.

to c;l, the m@st iﬂpﬂ:§ nt owerall reaction 15 the splitting out

K

i
The Bureau of ‘Mines has successfully demonstrated the conver-
sion of various biomass materials (lncludlng urban- refuse,‘
agricultural vastes, sewage sludge, wood, lignin, and tow manure)
to low sulfur oii; The procedures uéed_@re Qutgréwths of research
appliéd to the prcducticn of low sulfur liquid fuels from coal.

or synth251s gas (CO + HE)’ water, aﬁ,'catalyst t@-hgdr@g%nate'

'cellilésic feedstocks. T 20721722/

In one series of experiments, bioma

58
catalyst were charged to a 500 ml stainless steel autoclave. Carbon

- méncxldé was addefl to the desired préssure, and heat ahd agitation

&material, water, and

were supplled by a r@cklng furnace. The reacetions, took place at
temperatures from 480°F to 840°F (250°C to 450°C)and were accompanied
by pressures reaching 5,000 pSIQ-EG/} An alternate procedure em-
ployed the less\expenSng synthesis gas (CO + Héz in place of the pure
carbon m@hq;ide‘énd water mixture; also included was a combination
cobalt m@I?bdateﬁs dium carbonate catalyst. This latter series
of experiments d§@2nstrated that manure (cow) with a moisture
content of 35 pe}cent could sucsessfully'be hydrogenated to an
. )




22/ other lab-scale projects ha¥e yielded manure-derived oil

as well as oils from Such materials asrccrnstalks, rice hulls, corn

oil.

‘I_JI\

cobs, and pine bark. Up to 99 peréent of the starting material
[Msually 1.6 oz ¢(50 gms)j has been successfully converted: 20/
Table II-4 pregsents the ‘analyses of some biomass-derived oils

énd :3 gpares them w;ﬁﬁﬁé crudg
N ?

£

fossil=-oil analysis

The Enérgy Rgseafch and Degelopment Administr”t;fn is“presently

funding construction of an exp’rimantalﬁfaéility at Albany, Oregon,
which will ;on%ﬁhue lnvestlgatlng the processes for deriving synthetic
ids- 1 gases from wood waste.*B/ The Albany facility is de- .

slgnéd éssentlally after an earlier Bureau of Mlnes procedure which
converted organic material to oil at 570°F (BDD C) under carbon

monoxide and steam pféssureg The pilot plant is designed to handle

from 1 to 3 tons (0.%® to 2.7 metric tons) of wood
day, with expected yields of from 650 to_l950 pgunds (295 to 886
Kg) of o0il daily. The fa:lllty will also haye head-end and tail-

p waste. per

end pracessfng equipment to allow Investlgatlon of’'several types of

feed material %d variations of the basic procedure. .-

R . N

- -

d. Hydrogasifica tion

; _ . ,
H?drcgasifi:ati@n is a thermachemical process that produces

Q@ hlgher organitc c@mpaiﬁdsi These processes have been pféV;Qusly

applied to coal to prodikfe synthetic natural gas (SNG). -As an

extension of research concerning coal gasification, hydrogasifica-

. tion has been applied to cellulosic wastes, successfu%}y yielding /

o

SNG —
In a procedure developed at the Bureau of Mines, dried cow

.manure (2.5 percent moisture) was placed in a batch autg:lave

(0.7 liter) congaining an atmosphe: . of pu:e hydrggen,'zé/ The

starting material was then subjected to high heat [lD?DOF (SSD?EE

and pressure {1800 psi (1.24 x 108 ayne/cm®)] for one hour in a

rotating furnace.
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m/ TABLE I14 | '
0L COMPOSTFION OF HYDROGENATED CELLULOSIC WASTES

(WEIGHT %) ,
HEATING
| - VALUE
msaﬂ .HYDROGEN NTROGEN ~ SULFUR  OXYGEN  B/GAL
Cornstalks® - 0.1 73 05. 0N 0 _
Bovine Manures/ 76 95 42 - 037 73 ~
. Bovine Manureb/ 81.5 99 44 - 010 4.1 110,680
Crude O 848 14 02 02.  — 139,000
a/ Source: Fuar'from Agricultural Wastes, Reference 24, LA
b/ Source: Conversion of Mangrg to il by Catalytic Hydrotreating, Reference 22. )

. ) © ULTIMATE ANALYSIS OF DRIED COW MANURE
¥

| - WEIGHT %
Carbon _ 35.4
Hydrogen : .42
. - 'Nitrogen 1 | : 07
Sulfur _— 0.2
- Oxygen | 235
Ash : 38.0
SéuﬁEETHVﬂmﬁEﬁﬁéﬁﬁﬁﬁ of Cattle Manure to Pipeline Gas., Reference 24.
¥ y
!




The’regulting gas %as a mixturé of apprcxiﬁétely-;o percent

n
‘ Hydrcgas;f;cat;cn tests uslng dried cow manure have also been

run in a free-fall dilute-phase (FDP) reactor.® 24/ The .
+ residence time Is only two seconds, but because of the greater .

solid

':iﬁ'acéessibiiity of the solid to hydrogen, the reactivity is lncreased
. at 1020°F . (SSQ C) and 1000 psi, the amount of carbon gasified was
51 percent. After scrubbing out CDE, it was p3551b;e to obtain a

gas with a heat content in excess of 1DDO Btu/ft (7.15 Kc;l/mz),
due to the high ethane#®ontent. )

Unfor gnately,the-hydrngasifiéatign process has some draw-

backs Eluﬁlng the need for costly, h1gh=pressuﬂaequlpm§nt,

; ns tion of expensive hydfggen gas, and a necessary high
energy input. A"hydrc)genatlan plant at Albany, Dirégt:n, plans

to 1nvestlgate some hydfag331flcatlan pracedures but, in relatlon
t@ Gther thermmchemlcal conversion systems, hydr@gas;f;cat;@n is

the: least developed of laboratory-scale projects..
. lg ‘ »
) S ’ : B T
2. Bioconversion Systems - ‘

_ BiécéﬁVErSiQﬁ;ié a term used to denote biomass conversion
prccesses that are gccampllghed thraugh the action of micro-
‘organisms. The neéessary chemical Teactions are precipitated
by the action of enzymes supplied by biological systems. Thus,
bioconversion is not simply a Ghémical process, but one in which
a "healthy" reacti@nzen#ifanmenﬁ is esgsential for its success.

The fgllaw;ng sections describe two bioconversion précesses
considered as viable technalggles for economica 11 cdhvertlng
biomass into useful fuel. The first describes ana%belE digestion

which can convert organic matter into methane gas. - The second
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Aruitoxt provided by Eic:

ey

.methane and carbon dioxide.

deals with anaerobic alcohol fermentation, & system utilizing a

group of organisms that converts carbohydrates to ethanol.
a. Anaerobic Digestion

Anaerobic digestion is a form of the more general
decéy, whereby organic matter is decomposed from complex forms
to simpler, more stable compounds. In the anaerobic digestion

processf decomposition proceeds in the absence of air (anaerobic)
i r

"W1th the resulting catabolic products including a gas mixture of

W
The most popular use of anaerobic digestion in the U.S. is

25/

for treatment of municipal sewage, although other countries (e.g.,
ndia) have employed it as a source of methane. Its primary

=

function in waste treatment is the reduction and stabilization
of sewage solids which may be land-filled when biologically
stabilized. The gas formed in these processes is a mixture of
about 60 percént methane, 40 percent carbon dioxide, and small
amounts of ammonia, hydrogen, hydrogen sulfide, mercaptans

(organic sulfur compounds), and amines.

imary candidates for bioconversion as an energy source

3
=
g

\PU‘
"'1

manures, mostly cattle, produced in feed-
1 n Other cellulose-containing materi-

als have also been suggested and their feasibility shown in a
e

rious biomass feedstocks have anluded manure,

number of cases. Va
newsprint, grass, algae, seaweed, and dogfood. Both salt and fresh-

water media have produced successful results. The advantage of the
»le, occurring at

atmospheric pressure and slightly elevated temperatures. ‘The main

~37-
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' The anaerobic di
Ir

nd involves two g
1

r
In the second stage, the organic .acids are con Jaseous
end products by the methane formers. These organisms constitute
several different groups, each characterized by its ability to
ferment o r gan t important

s
mong the slowest growers, and
n

the digester are

When applied to biomass,
a wide variety of materials,

than others. 1In general, most

digest given various pretrea
qui te iistant 1n untreated

are abttractive candidates since

undergone partial deqgradation




In general, anaerobic treatment of cattle manures will produce

from 6 to 9 cubic feet (170 to 225 liters) of methane per pound

(454 gm) of dry solids. *4/ g "
An experimental facility: to investigate application of cattle
manure thanaerobig treatment is presently being constructed at
N . B 27
the U.S. Meat Animal Research , Clay City, Nebraska. / The

c
plant will consist of a 12,230-gal.
to handle 350 to 400 pounds (160 to 1SD Kg) of manure per day,

equLValent to that produced by 10 to 12 beef cattle. The plant

w1ll not pfodu > sufficient methane t,o operate itself, though

larger systems are estiﬁated to be energy selfssufficiéntg' A primary

objective of the plant is to investigate the possible feed value

of digested solids ‘from ruminants. The relatively high protein
content (26-25 percent by amino acid analysis) of digested output-

material indicates that its value as a feed ingredient may signifi-

cantly exceed that of the methane produced, Egough'it is not a

El_u
W
Ch

certainty. Inc the solids are also valuable as an organic

i
i
T
Ly
Ll']\

fertilizer, pos ing a nutrient content 3 to 4 times more concen-
ra

trated than that of manure.
b. Alcohol Fermentation (to Ethanol)

Alcoholic fermentatic
utilized by man for ce

=
However, ethancl is also

a combustible @f&iﬂjc with a heat con-=
tent of 12,810 Btu/lb (710C Kcal/Kg) as well as an important chemi-

28/

0
cal feedstock. Materials required for conversion are sugars
1

or substanccs that

r]j\

ince the sugars needed for biosynthes

ﬂil
|.—l
=
0
¥
r‘_l
b
)ﬂ
M

bacteria (yeast ce
of ethanol can be derived from celluldse, potential raw materials

include a variety of biomass (carbohydrate) materials such as



agricultural and forest residues. Manures, on the other hand are
not good candidates for this proce
acid content, which is best handled by anaerobic dlgesthh;

The conversion of cellulose to ethanol first requires hydro-

lysis to simpler sugar units. This may be accomplished by atcid

=5
or enzyme catalysis. With many woody materials, hydrolytic con-

1
ditions must be severe (e.g., high heat) for reaction to take place,
1lin

depending on the c¥ystallinity of the cellulose fiber and lignin

content (wood lignins are predominantly aromatic compounds ‘which
form an insoluble net around cellul@sei hindering dég@mpcblt;on)_’
In chemical treatment, hot mineral /acids hydzolytibaily degréde
cellulose into manomeric sugar units (d-glucose) which can then

be fexmented to ethanol by yeast cells.

, ] \
consequently, enzymes are not consumed by the'rea«ﬁiﬁ . The develop-
t

ment of a recovery and recyc

' In the fermentation process itself, the 'chemical reactio
involved are gquite complex, but the overall reaction in the pro-

duction of alcohol from glucose may be given as:

Cell120¢ “gfls -9 f.

. Glucose . Ethanol

ERIC \

Aruitoxt provided by Eic:



-, « ¥y o

The process

m
growth reactor. . Both sys

t ' Yoly

various conditions, including pH level, qautrient addition, and
temperature. Fermentation 1is an anaerobic prgcé:s, although
very small amounts of oxygen have been shown to promote cell
qféwth.zgf ]

In, a batch-1oad procedure, the substrate to be ?leEIEE§
is placed in a reactor tank, proper adjustments are made, the
innoculum SYEast) is added, and the tank is closed. Fermentation
préceeds 51 approximately 530F (359C) until the yeast cells Stor

the alcohol level eventually

[
)
"

Present application of alcohol an energy sourte
is isolat arily to laboratory studies with emphasis largely

‘shown that a high rate of conversion (75 perc
from the cellulose of delignified wood when treatec for 40 hours

ERIC

Aruitoxt provided by Eic:
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Approximately 70 percent of these SQQ%?S-peruCEd from cellu

with the enzyme produced by the fungus Trichoderma v1r1de.29/

hydrolysis were fermentable to athanol%: A recycle system f
the enzyme has not been perfected, but it has been prbposed t

covered through an adsorpti

m

t of the enzyme can be r

4 1

1
biomass imrto usable heat

at rathér than into a sec éndary fuel.
dried to 'a proper moisture Contéj;i all biomass Wlll undergo

combustion, including manure which serves as a heat source in
many of India's private dwellings. As a fuel for direct com-

bustion, however, wood.and woody ref

us n =1
most feasible biomass feedstocks. For example, in 1969, 43 per-

cent of the wood cut in the world was used -for fuel, whi

cent was used for saw logs and railroad ties, Acco
u

L m o
WOQd, although it should be noted that other. biomass material
1 1

and molsture content Wood flb? has a heating value of £300

Btu per pound (4600 Kcal/Kqg), whilé the value of resin 15 1l6,¢C
(

Btu per pound (2370 Kﬁalfﬁqp' Thus, a small prog
in wood will con ;”dezabLy‘lnc ease 1ts fuel

barks aﬁd, in general, the softwoods QQVE higher res
and, therefore, higher heaflnq values. Some typical
tu per pound (and Kcal/Kg) (dry weight) for bark and wood ar

5

t
shown below NNV =

~42-

R
]

. Combustion is .a conversion process that directly converts
t e}

o

When

&



y

- - Heating value 44”7
m’'| Species ~ . |- Wood Bark N —
Douglas fir 9,200 (5,100) 10,100 (5,600)
Douglas fir | 84800 (4,900) 10,100 (5,600)
Western hemlock 8,500 (4,700) 9,800 (4,900)
Ponderosa pine : . 9,100 (5,000) —ee eeo
Western red cedar 1 9,700 (5,400) %‘8,%@@ (4,800)
red alder ~ 8,000 (4,400) 8,410 (4,660)

For.a model of large-scale, industrial use of wood as a heat

and energy source, the forest industries serve as the best

m DU‘

xample. Th&se various operations (pulp/paper, sawmill, and °

"Uﬂtl

lywood manutaLtuzerf) supply some 20 to 50 percent of their !
needed energy from wood wastes, while purchaséd energy from
fossil fuel_utilities supplies the remainder. 32/ In fact, the
forest industry seeks energy self-sufficiency in many sector
gging and mi'll residue. However, the potené

through -the use of lc
n

i R
tial high costs 1i

residues generated by timber oppratlond have caused khelr his-

<

torical use as fuel to be prohibitive, at least,in relation t®
. .

the lower costs of fossil

The ;e515ﬁé flow is well established in the forest industry,
5, i
the trddlthﬂdl source bei mlii waste which includes bark, chips,
sawdust, end trims,and slabs. At the mill si " S

to grind yp the large residue to parti
"hogged fuel" also encompas naterial as sawdust and wood

the fuel enhancement

shavinggl Hogging 1s an esse 1l step in
VoL, - . - LT . : ; .
process which may also include cleaning, since bark often contains
sand, and drying. : ) .
-
5
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The technology of large, wood-burning boilers is weil

developed Aand, conSeéuently, hogged fuel can be fired in many

different boiler designs. One @f;the more efficient models is
the sgreader -stoker, which is suitable fo- a wide range of
capacities. Here, théfh gged fuel is introduced ébqye the
furnace grate by either a pneumatic or mechanical spreader. -
Part of the fuel is burned in suspension, and the remain drops
to the grate where burning is completed. épfeaféfﬁstg%ers are
used with small boilers of capacities as low as 25,000 pounds
(L1,00r ‘) of steam per hour to large plants with capacities in
excess . 500,000 pounds (227,000 Kg) steam per hour.ggﬁ '
Steam generated by a boller can be used in a turbine for
production of electricity. The forest indu%t:y normally uses 10
to 20 percent of its process steam energy for eléctri¢§L pro- ‘
sed for drying, heath;A and hot

duction, while the remainder is u
t

pressing. In'this way, ste m;whi;h is run through a tu b‘ne is

exhausted for use as process heat rather than Wwasted in a con-
n

ative efficiency of he
. 347
cent. Howe

denser. Under these condi

L]
o,

- ;—éllizz

-



Moreover, assuming average boiler efficiency, el ctrical output
rates per heat input are 10,000 Btu/kwWh (2520 Kcal/kWh) for fossil-
fired utilities and 12,000 Btu/kWh (3020 Kcal/kWh) when f
Most new utility plénz; are rated at around 1000 MW. A faci
of this size would require approximately 2000 tons (1800 metric

1T, Ey comparison, the 125 to

i
per hour that most pul? mills

nt the major output of a forest

Presently the forest industry and similar operations offer
the best near-term potential for energy self-sufficiency tlirough
i wood use. Th

t 1
fuel flow from mill waste 1is already established;
P
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4., Direct Hydrogen Productio

cies, whether terrestrial or aquatic, nor-
O

ation and the subsequent
n

ixa
sy

thetic growth is dependent y

and concentrations of

for agquatic plants.

It has been observed that production of small amounts of
Q

[ﬂ‘

hydrogen has accompanied photosynthesis, and cons sequently it has

o ‘ o
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(Step 2) Enzymatic action:
n

ons - to "trick", upset, or unbalance the naturalimetab
r

@gé% production. The second is td isola
n

. the key ch zymks involved in the process and then
\ 7 " )
' generate hydrogen via a controlled synthetic reaction.

The state of the art fDr)thlS form of hydrogen production
at an early stage The benefits of this biomass technology are
not expected for the near term, and the results of basic resear
8till are needed before the long-term 2nergy production capa-
bilities can be realistically estimated. Consequen®¥ly, only th
energy potentials can be discussed.

- The efficiency of the DVEfflI‘pf’QES: 1s a maximum of 10
“\
percent, which if realized could produce approximately 2 watts
per square foot of pjc:§E§nthet1Q sur'face, or approximately
\’&, —_—
b g
[ \
1 )
-46—
O -
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300 Btu/hr per acre (190 Kcal/hr/hectare). Re
achieving these potentials is taking place along twa lines. One
c

vy of the ph@?bsynthetiz

"‘*f

is concerned with investigating the bio ist
process. This will hopefully lead to a substantial uﬂdefatanﬂlﬂg

its basic elements, there

fo]

f
hydrogen producing systems. -

The second approach is to concentrate on the conditi

are known to promote.
[®)

in ways that will u experimer been
initiated’at the University of California utilizing heterogeneous
| 36/ These orga = ught to localize the

( blue—gléen algae.

evolution of the hydrogenase en c
H - . _
research successful application of these enzyme localizations
to produce hydrogen gas is dependent on the yse of extremely thin
i . . o
membranes,  which presently cannot be manufactured. If the econo-
4
mics of this system are to compete with conventional energy sources,
[ / - -
it has been estimated that the membrane material has to cost lesgs
- 2
than 50 cents a sguare foot ($5.30/m7).
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Resource Requirements ’ -

Biomass :roduction or conversion for the most part has
p [ p

not éﬂtered nto commercial-scale application; consequently, ,
_ F
resources Qf most applications can only be estimated. Because *

the "Fyels from Biomass" pr@qfam has focused chiefly on individual

areas of application, system resource estimates of 1ntegrated

production and conversion schemes are few. In this section

one integrated system is presented, that of marine biomass pro-
duction and conversion. Othexy, technologies presented are terres-
trial biomass preduction and akmﬁng-fueléﬂ Steam electric plant.

ists material needs for a hypothetical marine

i
and processing system. The bageline design consists of an

res [a square approximately
les (160 Km) off the
bductivity of this farm

r
f wet harvest per acre per yvear (760

CS%VEI%lOﬁ to secondary fuels entails processing and drying
¥ -

en = n into vol ds

1

] r natura
A conversion of 49 percent of volatile lids is assumed. The
farm support subsystem consists of a large concrete platform which
%prﬁviies for living and 'work space. Also, a shoke-based dock
and repair facility are provided.
<
Table II-6 cites resources needed for a wood-fueled electric
utilitg. These include the land and fertilizer requirements

1
that are needed to sustain the wood supply C@ﬁsuméd,by the utility.

quilred in an integrated vroduction-
u

u
conversion scheme. Such material needs are variable, being su



/

[10° Acres (405 Km?)- Annual

L

3/

TABLE II-5

SNG Output = 2.21 x 1019 #3/yr (2.05 x 10° m3 fyr)]

Quantities in Thousand Tons i _

SUBSYSTEM CONCRETEY

STEEL PLASTICS

OTHERD/

Cultivation 619 " 5.0 23.2 - 647.2
Harvesting — 383 = — 38.3
Processing 441 18.9 5.0 25 467.4

- Support 68 0.3 - - 68.3
Sub-Total 1128 62.5 28.2 2.5 122132
r\fi.arimr;n:mal o - 36 014 o T 250
Total 1128 66.1 49.6 25 1246.2

—j—
o ) L
a/ Concrete Density = 155 Ibs/ft3 or 2.1

b/ Monferrous and miscellaneaus metals.

tons/yd3.

SOURCE: System Anralysis_.f:sf"the Ocean Food and Energy Farm Project, Ref, 37.
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TABLE 116 |
MATERIALS REQUIREMENTS

ELECTRIC GENERATION . STEAM TURBINE
Steel | " 34.1 tons/MW,
Concrete 163 tons/MW,

: Other ' | 63.6 tons/MW,

WOOD PRODUCTION ’
Land . 3.2 m#/ MW,
Herbicide 6 tons/MW,/yr
Nitrogen - 100 to 300 tons/MW,/yr
Potassium 50 to 100 tons/MW,/yr
Phosphorus | 40 to 100 tons/MW,/yr

Source: Analysis and Planning Support for ERDA Division of Solar Energy, Ref. 38,




ject to biomass species grown, plantation location and.topography,
and p:Dximity between plantation andicgnveﬁsiqn facility (wood-
fired utility). ' :
The resources identified in each of the tables are conven-
tional and should not be difficult to obtain. Shortages of these
materials are not expected, except for the fertilizers which may
have seasonal shortfalls (especially phosphorus). This problem
-~ would be aggravated by coméatitioﬁ with food and fiber production.
Since the marine farm structures will be assembled in the field,
a surplus of materials may be needed. Conversely, the wood-
firéd boiler }s delivered as a modular unit and only installation
is required; thus, additional materials (except spare parts)

should not be needed.

-
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SECTION III

ENVIRQNMENTAL IMPACTS

|

A, Impacts from Production of Biomass

The following sections: are concerned with potential environmen-

ftal‘imgacts originating from the production of biomass for energy.

Asice from marine cultivation, the managed growth of biomass is
unded on the principles of modern farming and silvicultural

fo
practices. Consequently, environmental impacts of terrestrial

o

‘biomass production likely are analogous to these established

o]
Hh

;tééhnologiesi and the projected impacts the energy plantation

impaéts of modern

o

presented here draw from the literfiture o
farming and forest management. The use of residues also relates
to these modern astivit}es, and the impacts of crop and logging
waste are discussed, in light of current management practices

and disposal.

L]

In the case of marine cultivation, little is known about sug-
gested practices.- ansequently, impacts must be estimated on the
"basis of assumed future implementation. Impacts associated with

experimental marine farming systems have not been apparent, mostly
dﬁe to their small scale; only the potential environmental impacts
due to large-scale deployment of open-ocean raft systems have
’béén discussed here. Since impacts of construction agtivify are

-

pacts also have been.included in the assessment.

When reviewing the impacts of biomass production, it should
be noted that in this discussion biomass is considered as an

In this framework, biomass may be compared

E"'

energy sourc

resource bases, .namely, fossil and nu-

“‘C%

e.
with other enérq

]

clear fuels.  Residuals associated with exploitation of these

latter energy resources also significantly affect air, water,




g
L]

land, and ecalcglcal qua;;ty.{ Accordingly, a proper perspective
should be maintained between the impacts of biomass as an energy’
source and other traditional energy ‘resources.- _

%

1. Impacts of Terrestrial Gf@wth/Biémass!Elantati@n

The impacts of growing blomass for its energy content, whether
-in the form ©of trees or csops, should be similar to those of exist-
ing agrfcultural or silvicultural activities, though perhaps of a
different magnitude because of the scale 1nvclved in a so-called
energy plantatlan. The principal impacts of farming @peratigns
are increased dust and ﬂ’@lment 1Qads which, in turn, affect
air and water gquality. ilvicultural activities generate pollu-
tants similar to those en;auntered in agriculture. In this case,
however, airborne dust is not as chronic a problem: the major
pollutant of concern is sediment loads to waterways.

*

_a. Effects on Air Quality

Operation of an energy plantation will result in increased
particulate levels caused by fugiti?g dust. “These emissions are
generated by a number of activities including soil cultivation,
logging, harvestihg, and Heavy equipment traffic over unpaved
areas. This impact will be of greatest magnitude when land previ-
ously in other uses must be newly cleared or tilled, especially
if fhé s0ils are light and dry. Other sources of air pollutants
will be aerial pesticide. apgll:atlans and combustion emissions

from farm support machinery.

In agricultural tilling operations, dust particles from the
loosening and pulverization of the soil are injected into the




i
. V 1 ) iﬁ ’ Vé =
atmosphere as ‘p 0il-is dropped to the surface. Dust-emis- = -
sions are greatest when the soil is dry and dpring final seed-

a a
bed pfégatatisni ‘The dust emitted by agrlcultural tilling (per \

=1
il

‘acre ofr land til led) is directly prcgcrtlcnal ‘to the silt c
~tent of the soi i
" been observed at between 56 lb/acre (62 Kg/héctére) nd
acre (88 hg/hectare) dur;ng normal tilling operations for
33/ Of these
total dust emissions, i.e., thoseip§§§i31es which drift beyond
25 feet (7.6 m) from the edge of the tillage path, about 40

percent have medium-range drift potential and about one-third

1 and the implement speed. Thase emiss

variety of water and silt contents of the soil.

are in the fine particle range El 000~-foot (300 m) drift to over

hundreds of miles]. e

Besides plantlnq}and cultivation processes which disturb
surface soils, dust emissions from unpaved road surfaces also are
common in both agricultural and silvicultural (from fire and access
roads) Qperaticns' In particular, unpaved trails and roads are

the predominate f ugitive dust sources in forestry operations. The
em1531ans of dust from travel over unpaved surfaces (per vehicle-
m;le of travel) are ‘directly proportional to the average traffic

t content of the road surface. Emissions are

-
[

lSpeed and to the si
reduced during periods of rainfall, but quickly return to normal
levels. Observed dust emissions range from 10 to 56 1lb/vehicle-
mile (3 to 1% Kg/vehicle-km) for common equipment travel §ver
these surfaces. 39/ |
The other major potential air quality impact of biomass plan-
tations (primarily those of agriculture) will be that of airborne
pesticides. Their qreatest.qafluence, ‘however, will come from
subsequent soil runoff and residues rather than from aerial ap§l£=
cation or dust. Pesticides may be contained in airborne dust,

but their role in fugitive dust impacts remains unclear. 40/
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3 Gverall a;r qualséy 1mpact5 ‘related to both crop and farest
cultlvatlén ‘will be slmllar, hawever, s;nce tree rotation schemes_
requlre ha:vest of only 1/3 to 1/6 the total plantatlaz/grea each
year, heavy dust conditions caused by pé:;éd; harvest (and expo-=-
sure of soil should be somewhat reduced. The use of proper pre—;g\\\
Véﬂtl@ﬂ schemes- (such as windbreaks) wlll help m;tlgate dust

ém1351cns from these sources.- In addition, management schemes -~ i
Spéﬂlflcally\gn agrlqultural aperatlons - which do not practice

‘ tctal crop residue reméval w;ll aid 1n‘§1;év1at1ng heavy dust

BCSDdlthnS caused by exposed soil surfaces. ' A partlcularly bene-
ficial practlce i{ls the use Qf "no=till" managemént whlch.allev1atgs
the dustfall asso&lated With tilling operations (in no-till farm-

ing, only the t@gé of plants ‘are harvested and the root structures
. .

are preserved).
b. Effects on Water Quality

The majér water qualit§ impact of intensive crop or féﬁest
cultivation is sedimentation in surface waters caused by runoff
from exposed soils. Large energy plantations could contribute
significant sediment loads whose impact would be at least equal
to that from conventional cr@g-ér forest lands and could be
significantly higher due to absence of residual materials. Again,
impacts will risevdramatically if land used must be newly cleared
rather than diverted from related cultivation, particularly land
Swhﬁch was previously considered marginal because of steep slopes

or shallow, easily erodible soil.
/

ct water resources to a

[11.[1
D

Agrlaultufal activities presently
is the most salient

-

ffe
significant degree; lﬂdééi; water iﬂp, t
area of concern. ‘ne pollutants resulting from-agricultural
discharge include sediments, salt loads, nutrients, pesticides,

organic loads, and pathogens. Sediment resulting from soil




- ’ * .
. <.
; = st
. -

;erD51an 15 regarded as the- ;a{gtst pellutant that affects water‘

quality, cropland beirg responsible for about 50 pérEEﬂt of the.

total seé;ment yleld in inland waterways.dl/ The composition of
the sediment averagés 0.1 percent nitrogen (N), 0.8 pera&gt '

phosphorus (P), and .25 percent. potgﬁslum (K) . 42/ The loss of |
Fn;tragen and phosphorus to waterways ;ssappraxlmately' [
of N and 1.6 pounds of P per ton (0.9 Kg of N and 0.7"K§ of -
- ton) of sediment. Thus, erosion is also an important factor.in

‘é’w B D

pounds
P

er

o

loss of soil nutrients. .
. . . .

There are three modes of transp@ft of pollutants from agricul-
+ 3 A

\l—]\

tural sources to water: (1) by runoff to surface water, (2) by
infiltration and percolation to subsurface waters, and (3) by
wind to surface waters. The mechanisms of nutrient transport
and deposition in waterways have been investigated under several
local conditions énd are basically known. However, a Knowledge
of these mechanisms is not adequate to determine the extent of
nutrient losses from individual sources such as fertilizers and
livestock wastes, or how these losses may be affected by soil

and land characteristics and management systems.. Only inferences
can be drawn on the extent of nutrient losses and subseguent im-

pacts originating from a biomass farm or silvicultural plantation,

In forest mahagement, skid lanes and logging and fl re roads
are conceded to be one of the principal sources of scil'sediments
from foreétlands, Logging roads ordinarily are constructed prior
to the logging Dperatl@n, providing access “or equipment and
serving as routes for timber transport. Skid lanes are the -
disturbances created by hauling logs from the freshly cut areas
to yarding locations or roads. The mineral soil surfaces of these
roads and trails are exposed and compacted and have little

capaclity to absorb runoff during storm events. Such runoff not

=

only causes erosion on the road surface, but=also initiates

erosion in less disturbed areas. The.subZed
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matter, applied forest chemicals (pesticides, fertilizers, fire .

‘fetardants). Piant nutrlents, and bat&teria.

Thé%?al water pollution from salar radiation can also result from
éé11v1cultural ac#ivities. Although deviations from "normal" temper-
. atures in Eurface ‘waters apé considered pollutlve, thermal pollution
j;nvalveg énly the elevation af temperature above a nQ:m Thermal
3pollut1@n in forésts results from the reﬂgval,cf tree cover which
protects streams from solar insolation. As a é@nsequéncé of dfréét .

sunlight exp@sure, surface water temperatures may become substantially
D/ el

‘highér in previously p:atected water bgd;es-
N ' - )

-

An addltlonal patent;al water-related concern ln large-scale .

fﬁ%raductian of biomass is the pGSElblE .use of ;rr;gatlon to sustain k
growth. Large-scale irrigation needs may Signlflcantly strain already
scarce resources while intensifying 1rr1gatlan related problems, such

as groundwater contamination. . .Irrigation return flows contain heavy

loads of pesticide and nutrient runcffsi and the e contribute to
11, since trees are

salinity contents of native groundwater. In genexn
hardier-and less likely_ to need irrigation than crops, irrigation im-
pacts will be likeliest for crop production in a biomass plantation.

scheme.
c. Effécts on Land Use *

Large-scale energy farming is likely to have profound effects
on land use patterns in the U.S. Utilizing land already under
:ulgivatian for crops or trees (Whiéh would éroduce minimal
incremental environmental impacts) would reduce land availability
for food and fiber production, causing potentially far-reaching
social and economic impacts. If existing crop and forestlands
are unavailable, biomass glantati@nsxmaz_be located on land which
is currently considered of marginal value for farming or timber
‘growth. However, once land E¥ even marginal land -- is shown to
be préduztive, its capability for producing food or fiber is auto-
matically demonstrated, thus initiating potential competition with

food and fiber land resources.




' ubj . i' i Eﬁ
.Land use needs for biomass plantations were discussed earlier
in the techﬁalagy section. Depending on land qaélity, climate, '
and séecies, plantation requirements would be in the range of
12,000 to 30,000 acres (4,900 to 12,200 hectares) for forest -
growth and betweén 4,000 and 8,000 aé%és (1,600 and 3,200 hectares)
f@r ciép growth . * “This acréage is needed to sustain a vield of
25 ODD d:y tans (225,DDD metrlc tons) annually,_v1%%ed as a pracﬁ

A = .

e =

tical and ecanamlc level ﬁf supply.

A! d. ffe ts on SDlld Waste ’ a ] o

Solid waste 1mpacts of biomass farmlng should be m%?;mal, -as
optimum use of the tatal yield is a prime goal of the b;amass

. technologies. -

e. -Effects on Ecosystems ' . B

(1) Aquatic Life

g

Pgtential iﬁpacts on aguatié ecosystems include increased
sedimgﬁtatién and pesticide concentrations. Nutrient runoff

-from Earming or lagging operations will contribute to undesirable
growth of aguatic plants ani subsequent accelerated eutrophica- |
tion. The magnitude and sevérity of patential impacts cannot be
predicted at this time; however, given the potential scale of
tﬂgAOQérati@ns involved, significant adverse impacts may occur

in at least some locations.
(2) Terrestrial Life

Clearing additional land for biomass production will p@tén¥
tially create a significant change of terrestﬂial habitat. The
magnitude and severity of local impacts will vary with speciés
types, diversity, productivity, and uniqueness, with maximum im-

pacts occuring in areas that were previously undlsturbedf“‘?fga\\hé

*Crop growth of 30 dry tons/acre (67 metric tons/hectare); es-
timates based on one or 2 harvests per year, Fgrest acreage based

on Ref. 5.- \
%4; A.’!,—‘
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;addltlcn to s;te- ecific meacts, the- amount of land needed

for s;gnlflcant bic production may also Eubstantiallj de-

mass
tural land resources on a regional or nation-

Sp!
0
crease remaining n
wide basis.

Bivmass p

»
']

erosion, river sedlmentatlan; eutrgphlcatlon, or 1 geéscalé new
clearing will adversely affect the visual quallty of exlstlnq
landscapes. This e€fect will be least severe 1n areas which are

already used for food and/or fiber: préductlgn. v

If silviculturairactivitiés arejinstigated, visual impacts may
be beneficial, especially if margin§E lands are used. However, '
Esucggbénefiéiai visual impacts will be minimal since short rota® ¥
tion schemes for tree growth will be used, preventing maturity
of the trees. In this respect, the 511v1cultural energy plan-

tation w{liﬁnot resemble a natural standlng fgrest

_ .
Historic sites are protected by law from disturbance in the

course of Federal and, in many cases, State actions. Rrivate
development of land for biomass production, however, might en-
croach on historic or cultural properties. In addition, changes
in general land use patterns and trends may refluce land avail-

ability for recreational use in some areas. -
2. Impacts of Marine Biomass Cultivation

Proposed maricultural systems under a biomass energy pro-
gram would grow various species of large kelps (brown algae)
attached to floating grids of polypropylene lines with wooden or
concrete frames anchored to the ocean bottom. The impacts of
structures include not only direct ne environmental effects

but, because of the large size of t. installations involved,

potential sonshore secondary impacts related to resource supply,
f R
\ /
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construction, and transgaréati@ﬁ of harvested materials. Spe-
cific potential impacts of marine energy farming are contained
in the following sections. )
: ¥
. a. Effects on Air Quality | .
w _ N & o | 3
(1) Effects Wf Construction : -
_ Construction and fabrication of mariné farm equipment will
provide one-time sources of pgtenii'l air quali€§<impacts_ In-
stallment of open-ocean arrays for Attachment of Eélp is not
il%kély to p;@au%é-significant a;;fpellutian; ény such impacts
will originate from support vessels' emissions. However, on-.
shore production and tfanspért of raft components may involve
. // greater air impacts, particularly in relation to the manufacture
b

of marine cement and polypropylene lines. Other phases of raft

cation and transport activities may result in additional

s of partigﬁlates and other pollutants associated with
vehicle exhausts, energy production, and various support activ-
iﬁiesi Héﬁe;theless,iéhé magnitude of impééts associated with

lower than that associated with terrestrial farming systems.
(2) Effects of Operation

Direct air quality impacts of maricultural activities are
likely to be negligible and similar to those arising from £xisting
kelp harvesting practices. Air pollutant emission sources will be
the kelp harvesting ships and transport vessels. Most processing
(e_g@,vdrying, pressing) will probably take place on shore, and

m

emissions associated with these activities are depenﬁent on the
type and gquantity of the fuel used and the degree of pollution

control employed.

by
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" b. Effects on Water Quality
(1) Effects of Constructlan : -

L=

1S

Anchoring large arrays[aQig; ocating fram&s maf create local
*disturbed during mooring activities. ,

E

—" _ tprbidity as the ocean floor i

This turbidity will not Praduée'significaﬂﬁ imﬁacts and will sub- -
< side over time. 'Discharges of fuel or oil wastes from marine ve#-

sels and heavy equipment used in deployment present p@téntial.lccél

water quality impacts which are avoidable with proper operating

procedures.

- The ‘greatest water qua ity 1mpacts from construction will
probably originate from construction of onshore processing facil-
ities. Disruption of soil cover and subsequent erosion cause ‘

water impacts from these activities. At this time, however, the

measure of onshore s

pport industries for kelp processing and
1-

u
.conversion 1is nat wel

. (2) Effects of Operation
Thé major water quality impacts from operatflon will stem
from methods of nutrient addition to water at the farm site. Di-

rect nutrient addition, if used, will involve leachate devices
to dispense such substances as urea. Deep water upwelling will
troduce cooler, nutrient-rich waters from subsurface levels. ‘
Surface égfects associated with upwelling will be temperature
drops, enhanced nutrient concentrations, lower sali
introduction or organisms from deeper levels. However, it is
difficult to class these effects as adverse or beneficial;
moreover, dilutive action and nutrient uptake by plants may
counter ué%elling—iﬁduced changes in the concentration levels

of surface waters.
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Qperational water use at onshore support facilifies may impact
terrestrial water quality. Such use will include process waste
discharges, runoff from disposal areas, and related impacts from
possible anaerobic digestion of kelp. v

c. Effects on Land Use/Solid Waste

F

Marine biomass operations will directly affect the*use of
' open-ocean areas. Barges, rafts, and kelp may cover substantial
ocean area [up to 1,000 square miles (2,600 ng)], so that care

must be taken to avoid interference with Shig?ing and fishing

traffiﬁ? Proposed energy farm plans to date have recognized this

pzqglem and usually have sought open-ocean areas aﬁéy from normal
traffic. However, grazer activity near the farm site may shift

fighing patterns slightly.

v o [
_ § As mentioned earlier, marine biomass installations may affect

@ﬁshéré land use patterns through the need for staging and support
facilities. In addiﬁion to this digéﬁt impact on local land use,
there is also the potential for secondary "boom town" growth in
sparsely-populated coastal areas, particulérly if the biomass

s
fuel produced is to be processed and used in the immediate area.

.
w

Such growth may affect housing patterns, employment, and various
community social services. However, major impacts in this area
would require large-scale implementation of maricultural systems

which is not expected in the near future.

Solid waste impacts will depend upon application of th
harvested kelp. If used for food, little solid waste will be gen-
Eratedg:'If synthetic fuels are to be derived, some solid waste in
the form of unconverted sludge may result. At the same time, both
applications may be practiced by deriving a food from the residual

of a synthetic fuel process. 1In this case, anaerobic digestion

.
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is the likely' canvegglan technology, resulting in waste sludge

(see "Environmental Impacts of Blaéonvgrslon") Generally, solid
‘waste lmpacts ‘are capable of being averted/fﬁrcugh use of available
cptlans for dlspcsal of kelp residue after conversion. These in-

clude uses as food, fertilizer, and source for other chemical

feedstocks. 553 _

d. Effects on. Ecosystems

=

=

‘(1) Effects of Construction

Placeﬁent of marine farming rafts .may cause some short-term
impacts on marine ecosystems. Anchoring mooring lines on the
ocean floor may disrup® bottom habitats in the immediate area.
The résulting increased turbidity may temporarily disturb some
species. However, these impacts will likely be minimal as sub-

stantial undersea construction is not anticipated.

For terrestrial habitats, construction of onshore support

facilities may impact local ecosystems. Insreased stream sedimenta-

tion and turbidity may have adverse effects on sensitive species,
although tgis impact may vary by region, since coastal streams in
some areas are naturally quite turbid and local aguatic popula-

tions are suited to such conditions.

P

Clearing land to construct biomass support facilities will

i1li
sliminate local terrestrial habitats. The impact of such habitat
loss will depend on the productivity and uniqueness of the habitats,
species present, and the land area éffectéd.: The potential for
adverse effectd is particularly high for undisturbed and highly
Slthé natural ecosystems which are characteristic of coastal

T
ne

Ul

The major ecosystem impacts from operation will stem from the

i
possible use of deep water upwelling for nutrient level enhancement

[



in the open-o
ithérmcéliﬁésffsalinity grad;ents, and biotic "species from upwell—-
ing of waters qu feet (150 m) or more in depth may affect local

ant two -of thef

This ificial mlx;ng cf natural

H

kan farm ar -eas. -

marine EEQ%YEtémS— Temperature, and salinity repre

se
e sea. Organisms of the open

1mp®rtant llm;tlng factors in tl i
ocean are usually stenohaline (i.e., have narrow limi ts of tol-

B
erance to chanQESflg salinity), safinlty Foncentrations’ "being-
partly affected by Eemge:aturé of the water. i

¥

ihus, varied impacts are likely. On. the one hand cooler
have a lower salinity content, the:gby promoting
s \

upwelled water will ve
ai tenohaline species from the areas' affected.

migration of certain
On the other hand, upwelled nutrient-rich waters may encourage
migration of phytoplankton. éniy in a few places of vigorous .
upwelling are nutrients so abundant thag phytoplankton cannot

” exhaust themg43/ Thesé§§@pulati@n shifts therefore may cancel
out, benefits gained from upwelling, though such conclusions are
speculative at best, considering the current state of teéhnalagy

of marine biomass cultivation.

Overall, the consequences of employing upwelled water merits
further study. Depending upon‘éhe scale of deployment, marine
farming could impinge on existing ecosystem patterns to a signifi-

cant, localized extent.

e. Effects on Esthetics

Construction of marine biomass raft components and onshore
support facilities may cause visual disruption of landscapes,
fugitive dust, and noise. Because a marln%.b;amass farm will
be placed in open-ocean areas not normally visible from share,

peration will be minimal. .

=
b
m

esthetic impacts fro




3. Iwmpacts from Use of Agricultural and Porest

are those assoglated with confined teedlot operati ,
: - {-
(e.yg., wattle, dalry, cta.)

ziducs would be created regardless of their sub-

biomass fuels, environ

m
source do npL include the total effects of the origi
u

conversion lmpaci sections.

a major role

Lo remaining on

in shiclding =soil from wind action an.

Their removal inoroases the potential

Adrborne asc oof Jocts on farming op

program, only
dersd, Residues
the BERDA Conzeaerva

e (o

Aruitoxt provided by Eic:



N -
visibility, damage to crops and machinery, rESplIatO y irritation,
and general grime. Impacts are of greater concern if such.éiri
borne dust contains residues of pesticides or herbicides, as

can be the case with some agricultural sources. Crop residues
normally left in the field also c@ﬁtrlbute to the organic content
of the s0i1l and increase itfs internal binding ability. Fugitive
dust potential would be further increased if total residue

removal continued for several growing seasons, progressively
reducing the binding organic content of the soils.

At worst, removal of crop residues could contribute to "Dust
Bowl" conditions such as those experienced in the Great Plains
during the 1930's and to a lesser extent during subsequent droughts.
Other susceptible areas include the Columbia River Basin, the
Coachella Basin of California’, the Connecticut Valley of New
England, and mary intensely cultivated areas of the Atlantic

Coastal Plain.

than under till-farming conditions. No-=ti aves the
solil undisturbed for several seasons and harvests only the
above-ground portion of the crop; discing for seedbed preparation

binding structure. . Finally, fugitive dust emissions are greatly

tors such as precipitata
and wind conditions. In this regard, determination of such site-
dependent factors would be necessary é@ determine the optimum

managemoent procedures for =2ach area considered.
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Forestlands will be generally less susceptlble than crop-

la
lands to high levels of fugitive dust due to residue removal.

. However, significant wind erosion could occur in areas that have

i1 and break the w1nd. Furthermore, remaval of

1
forest residues may have'a positive air quality impact by greatly

i

reducing the severity of forest fires, which are a significant

ollution. Forest fires originating in logging

mm

source of air¢
waste average more than 7 times the frequency and severity of
lo r

other fires. 41/ 5 Removal of gging residues would fulfill a
major fire prevention goal ar- :ould reduce the degree of air
quality degradation fires zaus:

‘similar way, the

of crop residues that are normally
s such air quality impacts.

_ f !
Biomass conversion of the residue, whether burned or chemically con-

verted, would take place under controlled conditions whereby
pollutant emissions would be limited.

Residue removal will increase soil eresion potential by
that contribute .to the potential for
snsequence of soil erosion will be increased

.al watersheds. The Srverity of this impact

he i@gﬁ%t on water quality from collection of logging
residﬁéQﬁay vary. The removal of small residuals may benefit
=

watar quality since small branches and bark usually find their way
into local streams, cloggin:g them. However, if increased

1ing of more logging roads or skid
e

o

‘ease in number: The type of
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logging practice employed also will affect erosion potential;
overall, residue removal in clear- cut areas will result in greate
erosion than in selectively cut asea, .
oo i
c. Effects on Land Use/Solid Waste

The utilization of biomass residue as a fuel Sq@rce has
requiring commitment of additional lands

land

the advantage of not

beyond those already used for biomass production. Hence,

use and solid waste impacts are limited to the effects residue

I’Pmi

ol-R 1 t;ve 1mpa:ts will include better forest management,

of the

o)
d fire potential, and
onally associated with agricultural crops such as rice

less solid waste impacts

r Removal of res ;dués may also aid in the development of
uture crops in cases where thick or heavy residue layerg lnta*é
r

e with seedling growth.

Potential adverse effects on future land use as a result of
biomass residue removal include water and wind erosion, as pre-
viously discussed Heavy erosion can impair the ability of land
to support future crops, woodlands, or other development signif-
icantly, thus lowering its value. The adverse effects of residue
removal are potentially more acute in farming, since various crop
residues may contain from 15 to 200 pounds (7 to 81 Kg) of nitrogen

per ton.

Consequently, the degree of residue removal will determine
ultimate ecosystem iméact. Overall, well-managed c¥<n and forest
residue collection schemes may avoid severe adverse effects on
local ecosystems. In particular, residue collection in forests
may contribute to increased land management practices of a
hbeneficial nature, thus reducing residue clogging of watercourses
which does not occur naturally on a 1a1g@ scale in =standing
foraests.

3
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(1) Adquatic Life

As discussed above, removal of crop and erest residues mayﬁj‘k
¢ P

contribute significant amounts of sediment to Suffa;e waters

w[ﬂ‘

Adverse effects of heavy sediment loads include siltation of
bottom habitats (used for feeding or reproduction). increased
turbidity, and interference with respifétion or other physio-
logical neeig of aguatic life. Heavy sedimentation of aquatic
habitats tends to decrease population diversity and favor rough
or foragg!fish Specieé over game fish such as trout, which prefer,
clear water. The relative impact of this increase will depend
in part upon the amount of sediment directly attributable to
residue removal as opposed to other sources, existing’ “turbidity
and SrdlmEﬁt dep051ts the size of the water body affected, and

present. Maximum impacts would be

es
expected from large 5eqlr nt lcocadg reaching small,

) & g clear, rel-

atively undisturbed streams with sensitive aquatic populations.
(2) Terrestrial Life
The presence of crop and forest residues implies that natural
ecosystems havn already been greatly disturbed, either through
logging of woodlands or replacement hy cultivated crops and
manadged forests Majbr impacts affecting the ecology of sub-
sequent crops and woodlands, such as soil erosion, ground cover
for seedlings, microbial activity, and fire prevention, have been
discussed in previous subsections. The impact of these prgcéSSEg,
however, may go beyond the fields or timberlands where they origina
and affect the ecology of nearby natural and cultivated lands For
exafiple, fires starting in forest resicdues may spread over adjacent
arcas. Similarly, severe soil erosion may cause dust stormsgcapable
of producing damage to vegetation over widely distributed locales.
=0 9=
O
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e. Impact on Esthetic Facto

Major potential esthetic impacts of forest and crop

residue use are ere®sion and fugitive dust, conditions which

o)
[
|H
.l
oy
I
e
<
e}
u—l
2
]
o
=

e through careful planning and.procedu2255 As
ffected will be those already in use for crops and

ry; historie, cultural, and recreational values will not
atened. Noise levels wili vary with the collection

=3

P

i
i

methods and equipment WUsed, but should in most cases be
than, or at most equal to, those caused by/the original agricul-

tural or logging activities.

=)= g

O
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B. Impacts of Biomass Conversion Proc

| K9
)

The following sections discuss impacts resulting from the
biomass conversion processes documented in Section II-C. The

ajor processes considered are thermochemical conversion, bio-

wersion -- chiefly, anaerobic digestion -- and direct com-
c

9
o)
pu

:J

. Where applicable and informative,;impacts from con-

n T

r1’ C
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o
=
T
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i
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1. E%Firanméntal Impacts of Thermochemical Conversion

—
x

idue) will be

f Information on the potential environmental impacts that

;‘may be expected from bilomass thermochemical conversion process
may be drawn Rrom two sources: laboratory investigations usin
biomass 1n théﬁjgchemlcal conversion reactions, and analogous
coal conversion (liquefaction and gasification) procedures.
From laboratory study, the nature of the residuals {gaseous,
liguid, and solid) produced during biomass thermochemical con-
v

mass conversion has been in-
ory and only the nature

t
e liutants generated is
c

ale a%plicatiaﬁ of thermo-

~hemical conversion and residuals associated under such con-
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gases may be generated on - slightly larger scale than encountered

with coal gasification sc es.

Liquefaction and pyrolysis will produce gaseous emissions
ication. However, in these processes
ns should be less, since
r will be distributed between the
solid (char) and 1iquid (0il)’ fractieons. For instance, in pyro-
lysis 50 to 65 percent of the original sulfur and 40 to 60 per-

cent of the original nitfégén,femain in the char residue. The
N

1l

fate of this residual sulfur or n is dependent on what is

E
done with the oil and char: whether it is gasified, combusted
onsite, or shipped out as a fuel for use elsewhere. *
Ji : . (R) Ammonia and Hydrogen Cyanide

Ammonia and HCN can be removed in aqueous solution, as in

T

coal gasification procedures, in which removal efficiencies ar
quite high. Ammonia is a valuable by-product and its‘ recovery
a

can be economically benefici

Ammonia is a highly irritating gas with a strong pungent

odor. It forms the intensely alkaline ammonium hydroxide when
it comes in contact with the moisture of the throat and bronchi.
At concentrations of\ 280 to 490 mg/metEEB ammonia gas causes

slight irritation

0

f';he eyes as well as a hoarse voic
¥
N

1700 to 45C

ﬂ
[

higher concentrat-Zons o

c

7 500 mg/meter equ

48/ 3

lema. Such concentrations would be
n f

T
EL

to induce pulmonary e
atypical of normal operation and ur

any conditions.

Hydrogen cvanide is an cuxtremely 1oxic gas when encou

~N
=
u
¥

reas or in

l W
[
el
il
i
I
Y
‘):(‘
]
[
m
o

in clo \tratod form. It is occasional
found in manufactured gas at concentrations of 200 to 300

o . . 18 -
but it is rarely injuricus in the open .atmosphere. 8/ The
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pational Safety and Health Administration (OSHA) time weighted
tand 1

age (TWA) st -ppm. The

I:} t = =
presently unknown.
(ii)  COS ana CS, {

Thermochemical processes also will produce.trace guantities
of COS and €S, from sulfur reduction by carbon. For reference,
coal gasification schemes presently convert from 1 to 10 percent
total sulfur to COS and CS,. If these products are incinerated,
then all organic sulfur components will be converted tc 50. and

o)

The toxicity of carbon disulfide (CS,) has been studied pri-
marily in occcupaticonal environments because of its widesvpread nse
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flaringiy Flaring the gas wauldrcpnveft all the outgoing HES into
sulfur dioxide and water. For the hypothetical conversion plant
discussed herein, flaring the gés stream containing HES would

produce a maximum downwind SQE cdncentration of 75'ug/m3_ ‘Such

a concentration is well below the most rigorous State ambient
S0,

mental impact. In addition to flaring, other control systems

standards and should not present any significant environ-

could be empagyed which "actively remove H,S from the product
tream. 'These in¢lude the Stfgﬂ%oré process, which can attain
nal HZS content of 1 ppm in the treated gas, and the Takahaxﬁ
s, which is particularly suited to those gas streams low
in initial H,S éon:entfatiaﬂsi.EB/ : . f
‘ v 4
(iv) Hydrocarbons
,Ez . ‘, ) !
In thermoéhemical processes,. low molecular weight:gaseaus

s
‘a fin
ces

es:

2ro

o)

o
hydrocarbons (aside from methane) will be generated. Atmospheric
C

emissions of thesé& substances may occul torage tanks,

5
wastewater separation operations, and valve leakage. Theée emis- "
e}

> compounds and phenolsj

sions may contain polynuclear aromati

e Phenols - Wood wagtes consist of cellgiaseg lignin, hemi-
cellulose, protein, lipids, humic acid, water, and minerals.
Lignin is the second major cgnstituént of wood (cgllulgse

“is first), comprising Up to 30 percent of the total con-

tents. Generally, lignin is composed of a chain of aro-

o

matic compounds (a phenylpropane polymer is one form).
Lignin hydrogenation leads to the formation of phenols
in high yieldsi54/ For example, 100 atmospheres of hydro-
gen at 716°F (380°C) for two hours in the presence,of a
, 2 ée;éent>25balt sulfide catalyst gave a 46 percent y&eld
9 . . - of phenols from pinewood lignin. As'a gas, phenol ex-
' hibits toxicnqualities.?® ro

Chronic poisoning, following
] ’ . ) 4

T e 3 : - -
. i wd o £
s . . -
'




prolonged exposures to phenol vapor or mist, results in
digestive disturbances-such as vomiting, difficulty in
swallowing, excessive Sélivatioﬁ;‘diarrpea, loss of

appetite, and nervous disorders such as headache, fainting,

. : <
Polynuclear aromatic c'mp@uﬁas (PNA) - Polynuclear

aromatic compounds are organic molecules of fused ben-
zene riﬁgs_ It has been found that many of these compounds
are carcinogenic in laboratory experiments. One of -° -
the most potent carcinogens-in this class is benzo-(a)=
pyrene.which, is known to be present as a coal c@@bustiﬂn

product, though its presence in the off-gases of cellu-

‘L losic gasification has not been investigated.

N (b) Emissions from Onsite Fuel Combustion
§
The primary air pollutants from combustion of the, liquid

nd scolid fuels produced by the various thgfmaghemical-pracessgs

]

gpallutanﬁgi}eig_,‘mercu;y; beryllium,iaréénic compounds, or
f;ugriﬁes)@ Other trace metals such as nickel, zinc, cadmium,
and molybdenum will exist in fly ashfasfparticles rather than
vapor. The generation of air pollutants from raw biomass (wood)

is more fully discussed . in Section III-B-3.

If gas is burned, it is assumed that pafticulates; sulfur
compounds, and trace metals will not be problems; rather,,only
nitrogen oxides will be, formed by reactions of nitrogen ahd
oxygen (in the air) at high temperatures Eover EdngF‘(lDQD?Cﬂ.

In combustion of low-Btu producer gas, little nitrogen oxide,
:>Earmation should occur due to the relatively low témperatuté ' .
achieved' during combustion of the gas.
s

.
f ) & t .

L e
ot
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For the secondary fuels, the primary concerns are those of

ul fur content and subsequent emissions from combustion. Table

‘Ml

estimates sulfur dioxide emissions from biomass-derived

v =
o]
I
n_m

II
fuels and compares them to EPA New Source emission standards far
coal, oil, and gas. Because of the inherent low sulfur content
of biomass and biomass-derived fuels, there is.little problem

in the area of sulfur oxide emissions.

For trace metals, emission$ will depend upon their concen-
tration in the char whlch is dependent on the oriqinal biomass
materlalif The degree of these emissions from biomads conversion
processes is not known at this time; however, their c@ntentign

raw biomass materials is known (see Table III-2).
(c) Feedstock Storage/Odor

Storage of raw biomass material may_present problems of odor
at a conversion facility especially if anaerobic decay conditions
are allowed to ‘.ggr,- Wet crop gesidue or manures could be
problematic in this regard. Wood waste, because of its resis-

tance to gecay, should pose the least difficﬁlty.

b. Effects on Water Quality .. &/
(1) Effects of Construction

The construction of a thermochemical facility re equires dis-
to local ~

1 V.I

ruptiéﬁ of soil cover, thus increasing sediment loads
watersheds! Unrmntralled sedimerit load wash to surface waters

is lﬁireased 20- fald as compared to grassland and 1DD fold -com-
5 ,
pared to forested land. ’

Typically, this sediment laa va

a
per acre-year (11 to>110 métflc tons/hectare-year) . HGWPVﬂI,

=,
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; TABLE III 1
ESTIMATES OF SOME EMISSION FACTORS FROM COMBUSTION
' OF BIOMASS FUELS AS COMPARED TO NEW . ;
‘SOURCE PERFORMANCE STANDARDS S

FUEL HEATINGVALUE . %S  lb SO/MMBtu(Kg scs;nﬂsean

Char  72%0Btu/lb 2200 Kealfkg) 03 0873 (1.484) o
"Oil (Biomass)* 120,000 Btu/gal (8,000 Kcal/1) 0.110.3 0.14-0.49 {0.25-0.88)

Producer Gas 140 Btu/#t3 (1,000 tal/m3) — Unknfw

| " EPA NEW SOURC ERFORMANCE STANDARDS ®/

FUEL © HEATING VALUE ALLOWED. S0, EMISSIONS IN _Ibs /MMBtu (Kg/10P cal)
Coal ~10,500 Btu/Ib (5,820 Kcal/Kg) 1202 !

il #5) 144,500 Btu/gal (9,600 Kcal/1) 0.8 (f.4)

Nstural Gas ~1,000 Btu/ft3 (7,160 r;.a!/rrﬁ) - |

* See Table 14, o )

a/ Source: Compilation of Air Pollution Emission Factars Reference 54.

; / &0




TABLE HI-2
TRACE ELEMENTS OF COAL AND BIOMASS

CONCENTRATION®/{ PORTION EMITTED DURING COAL [CONCENTRATION IN

: IN RAW COAL GASIFICATION PROCESSY/ BIOMASS (ppm)b/
ELEMENT {ppm) (%) ( -

Antmony 0.16 S N T E
Arssnic - 9.8 . 66 0.2

Berylllum 0.92 18 , <0.1

Cadmium 078 B2 ' 0.64

- Chromium I | 0 03 -
Lead 5.9 | 2.7
Mercury - 0.27 — 0.015
Nickel 12 : 24 27
Selenium 1.7 74 . 0.2
Tellurium | 0.1
Vanadium B

(3

-

23

a2

1.6

a/ Data are for the HYGAS process using Pittsburg No. 8 coal.

-Source: A. Attari, ““Fate of Trace Constituents of Coa} During Gasification,” EPA-850/2-73-004,
Environmental Protection Agency, Research Triangle Park, North Carolina, August, 1973.

b/ Data baged on angiosperm concentration, .~ |

Source: H.J.M. Bowen, Trace Elements in Biochemistry, Academic Pﬁ' London and New York,
1966, Ref, 56. ' I A
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rates of sedimentation are h;ghly dependent on rainfall charac-

.;qfﬁg tcpagraphy, and soil type. The areas of water quality
:jrn prcduced by sedimentation are thase of suspended solids
and turbld;ty Generally, suspended solids consist of two main .
classes: 1n@rqan;c (HGDVDlatllE) and organic (volatile). The ,
. former class arises from erosion of high clay cantent soils.

Upon runcff tb surface water, the small clay partlcles remain 1n 4

suspen51cn,-gau51ng a turbid or cloudy water condition. Qrgan c®
solids are of concern because they may harbor péténtially poll{-/

tive micro-organisms, although they degrade over time.

¥
Total suspended .solids reach levels of concernvat around

80 ppm, and short-term levels of a few thousand pPpm may exert

harmful eftfects on local fish populations. These conditions may

‘result Eram,seve%e erosion through heav£ but infrequent rain-

storms in the region. Generally, erosion and sedimentation are

proportional to the Yand area cleared. In this regard, the least

harmful effects are associated with the smaller units. L

!

fE) Effecms Of Operation

“Water is involved in the thermochemical systeﬁs in two capac-
ities. In the first, water results from the decomposition of cellulose .
'in the biomass. Water produced this way will generally be
collected as a condensate. In the second case, water is used
as a chemical reactant. This use is isclated to the liquefac-
tion process,; where water is used if waéirslurrias fed to the

1 as in the actual chemical process. In both cases,

—

unlt as we

many of the compounds preV1ﬂusly discussed (e g., HCN, NHS’ stf

phenols) will be present in the process or Waste waters.

The fate of these wastpwate 5 1s uncertain, though it is

likely, especially in the latter situation, that they will undergo




— S

imilar treatment processes employed in solvent refined coal

]
procedures. In these, olls are removed from the aqueous process

stream to be used for recycllng Rémaining water is further

riteria) to a lagoon or waterway.

Besides effluents that can affect water quality, thermochem-
onversion will generate ash residues which may eventually

co
imP act water qualltyi These ash residues wilk llkely be disposed

occur. However, thérm@chemlcaL conversion of biomass will gen-
=1

erate less ash than that EDEDuhtEEEd from coal gas;flgatlan or -

liquefaction (wood has less than 1 pérEEﬂt ash; coal has 10-12

percent ash), .
(a) Major Pollutants .

The water pollutants evolved from biomass conversion have

been studied little, and in general most examples are taken from %
coal conversion technologies. While:coal conversion is the closest
it represents a worst case situation for the case of ash

analog,
high mineral content. Pollutants:

disposal because of coal ash's
likely to be present in coal conversion wastewaters include com-

pounds of ammonia, cyvanide, phenols, and trace elements. Of

these pollutants, trace metals from ash are not likely to be con-

tained in biomass conversion wastewaters (to appreciable extents).
(1) Ammonia

Ammonia 1s a gaseous alkaline compound that is highly water
soluble. Although normally present in most water.as a degradation
s

prpduct of nitrogenous organic mattex, NHB may also reach ground
and surface waters ~ ough effluents from gosification and
¥
¢
wd i

]
~
L

|
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' t
liquefaction. Ammonia reacts with water in the following 4
fashion: ' p
. A+ - [ :
NH3 + H,0 <> NHj + OH™ FH4DH
Ammonia ionized ammonium
form hydroxide

4
life; yet, greater alkalinity (higher OH™ concentration) will
drive the reaction to the left, indreasing the perOrthn of
non-ionized ammonia which is tax1c. 56/

The generally accepted range of lethal (to fish) concentra-
tions. of NH3" in water is 0.2 mg/liter. Concentrations below 0.2

mg/liter may not kill signific¢ant numbers of fish, but mayﬂpféﬁucé
adverse effects.2>%/ ; ; . e i

(i1) Cyanide (CN™)
HCN is a gaseous compound, soluble in water to some extent.
It is also a weak acid, ionizing according to the following equation:

HCN <— HY + N~

/ -
HCN is probably the most toxic form éf CN in water. However,

because of pH variability, cyanide safety can only be measured
by the total ions (CN™) 1in water. A maximum concentration of
200 mg/liter for domestic water supplies provides a reasonable

margin of safety. 56/

(iii) Phenols .

1

1 the

following ways: (1) direct toxicity to fish, reducing available

Adverse ecological effects from phenols may occur i

dissolved oxygen in the water due to their high oxygen @gﬁand,
and (2) by the tainting of fish flesh. o

2



The ature of the chemical reacttons whi phenals might

undergo in an evaporation pond is not known, nor ;s the f}fes

time known of those compounds in a pgnd 56/
- ' /

(b) Trace Elements

L]
rr

Certain fract ions of thé inorganic ash are volatile: mo

mergu:y (Hg) , arsenic (As), and selenium (Se) compcufds boil
below 1,200°F (6499C) at atmospheric pressure. 4 , almost
all of the thermochemical processes will have these compounds

present in vapor form in the product gas stream. These compounds
will later condense out into the aqueous condensate or washes

where they will eventually be channeled to a disposal pond.

Table III-2 presented cgncentrations of some trace metals
foun \in biomass and raw cohl.* The percentage of these com-
pounds emitted during the HYGAS coal gasification process is also
given. Because biomass has low concentrations by compatrison, the
magnitude of tDS;?ﬁglemEnts disposed of will be much less than in
coal gasification schemes. However, the degree to which these

pollutants may accumulpte before exerting harmful effects 'is not
well documented. /f '

{(c) Feedstgck Storage

Wood chips-in-oil and wood chips-in-water slurries, manure,
wood, and various biomass feeds used in thermochemical conversion
all offer potential water quality problems thraugh leachates from
storage piles. However, leachates from biomass piles will not
contain any bioexotic compounds, nor toxic elements to the degree
that coal pile leachates do. :

4

- _ \
* See also Table III-S8.

\{ ;'
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" (1) Effects of Construction

Land use characteristics for biomass conversion units can
only be paralleled with those encountered with coal conversion

systems. For coal gasification, it has been reported that the

El Paso Lurgi gasification site in New Mexico will occupy about

47/

excluding the ash disposal site, which in this case will be at

- 960 acres (389 hectares) for 30 units, equalling about 32 acrez
(13 hectares) per unit. This is for the entire plant facil’ty,

the mine. For wood ésh disposal, a pit will gkgbably be used.

The normal requifemeﬁt for such a pit is a cubic foot for every

50 pounds (23 Kg) of ash.

The Lurgi site also includes 100 acres (40 hectares) to be
used as a lined waste pond and 10 acres (4 hectares) for coal
storage and a gas-fired electric power plant. There is some
doubt in assuming that a cellulosic waste gasification plant
w%ll reguire more than 32 acres (13 hectares) per unit; ihﬂeed,
the Lurgi plant is larger than other proposed coal gasiﬁizéti@n
plants aﬁa Will be capable of handling 25,000 tons (23,000
metric tons) of coal per day. ' Liquefaction and pyrolysis will
both have land needs similar to the gasification plant; however,
considerably greater storage areas for liquid and solid residue

will be required.

£

]

he biomass low-Btu gas pyrolysis units will require much

less land area, perhaps occupying some 1.5 acres (0.6 hectaresl

for a 20 ton/day (18 metric tons/day) plant. Ty
(2) Effects of Operation .

Operation will reguire, in addition to the facility

site area, land for ash disposal. For a gasification, Qo

{




liquefaction, or pyrolysis unit- converting 1,000 tons/day (400
metric tons/day) biomass with a 1 percent ash content, apgrgximaéely
an 0.33-acre (0.13-hectare) ash pit of 1l0-foot (3 m) depth will be

required per year, assuming all char is combusted.

Temporary storage areas for liquid aﬁd Ehar products will
also be required, their size depending on ﬁ@w long they will be
cept (see discussion on solid waste).

d. Effects * Solid Waste
(1) Effects of Construction

The source of solid waste produced in construction will be
the cleérinq of vegetation, resulting in significant quantities
if 32 acres (13 hectares) are needed. This cleared vegetation
will likely be restricted to weeds, gragzes, and trees, and‘be—
cause much of this material may be suitable for conversion,
largé-scale disposal problems may be avoided after unit start-
up. 'Thus, the agfe:t from clearing vegetation at a biomass con-
version facility on solid waste should be les nificant than

£

S i
that resulting from construction of an industrial si

Liquefaction, gasification, and pyrolysis units will all /
'praducg chars which may be combusted leaving ash. The disposal

of ash has been discussed previously.

required In pvyrolysis, some 726 pounds of char may b

duced per ton of feed (364 Kg/metric ton), WhllP in hydrogenation
(to oil) approximately 1,000 pounds may be'produc;d per ton

(500 Kg/metric tgn).li/gﬂf Hydrogenation, therefore, represents

‘the worst case. For a 1,000 ton/day (900 metric ton/day) hydro-
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genation plant, approximately 500 tons (450 métrig tons)
wiil be produced daily. Storing a one-week supply of cha
foot (3 m) piles will utilize a land area of 0.64 acres (0.26
hectares), assuming a char density of 25 pounds per cubic f;ét

(401 Kg/m°). |
g Py
There are two possible forms of char: one that results from _
incomplete carbonization (brown char), and one that is formed from
complete Earboggéatian (black char). Carbonization is a largely
irreversible chemical change occurring when oxygen, hydr@g2ﬁ; and
nitrogen are driven off, leaving carbon. qu the two forms, black-i
char is .the most stable and may even be stored outside (iﬂ reason=t.
able guantities) for up to é\yEﬁr while not producing any aPprééiégié
leachate. Though'blaék chartwill produée a leachate under car;g%ﬁv
circumstances, the leachate of brown char offers a greater potential
for environmental hazard. The standard water p@llﬁti@n tests
indicate that brown char leachate has a 5-10 times greater .

pollution potential than black char leachate (see Table III-3).

The production of hazardous residues from-:operation of thermo-
chemical units is also of concern.— The tars produced by thermo-
chemicail decamp@sition of organic substances, especially the
action of destructive distillation, have superficial resemblance

to coal tars. This is a possible area of concern since coal tars

]

re known to contain carcinogenic compounds, in particular, the
polynuclear aromatics (PNA). |
1
ThE{DPEfatOE of a pyrolysis or other conversion unit may
come ‘in ‘tontact with tars in the handling of eguipment,
A preliminary investigation conducted at the department of
i

pathology at Cornell University studied the tars produced by

the destructive distillation of chicken wastéi57/ "Swiss" type

mice were used to determine if the tars and chars of pyrolysis

I
X
o
I
b
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TABLE 1i1-3
LEACHING TESTS

CHAFIS WERE EOAKED IN DISTILLED WATER FQE 24 TO 28 HQURS
CHARAC’TEHISTIC BROWN CHAR LEACHATE BLAcg CHAR LEACHATE
Clarity clear claar
Color: Tumer, 590 nm 30%-60%-transmission 97%-100% ﬁaﬁmlssmﬁ
pH 7.37.4 9.9-10.8
CcoD - 20,000-31,000 mg/ | 626-660 mg/ |
TKN 2,400-15.000 mg/ | 70-78 mg/ |
Total Solids Dry-1.71%-3.4% 2.1%-2.22%

' Ash-0.83%-2.46% 1.568%-2.2%
N-NH; 900 mg/ | 16.3 mg/|
BOD 2, cm mgll 160 mg/ |

CHARS WERE LEACHED BY A FLOW OF DISTILLED WATER THROUGH THE CHAR.

BROWN CHAR LEACHATE  BLACK CHAR LEACHATE

Not clear {foam on surface) clear
70% traﬁsmlmﬂn : 100% traﬁsrmssmn
7.8 8.6
650 mg/| 86 mg/|
. 50 mp/l . Smg/l

Total Solids | Dry -0.11% 0.17%
Ash -0,06% S 0.14%

N-NH, 18 rng,/l ' naone

BOD . 260 mg/ | : 45 mg/ | b

Source: “‘Conservation of Energy and Mineral Resources in Wastes Through Pyrulysls " ﬁgf 57.

. T , iils‘

EKC

Aruitoxt provided by Eic:



- would develcp any carcinomas. After 210 days, mice #‘pased to ”
char or tar HE:E free of any problem. However, all Wiice of a
7 gcﬁtrﬂlfgrgup treated with 3,4-benzo-(a) -pyrene (a known car-

cinogen) dev%laped carcinomas in 90 days.

Though this study indicates that tars produced by pyrolysis
of chicken waste may offer no hazardous residue problem, this

area remains open to investigation in relatiom-to all biomass

materials.

*2.  Environmental Impacts of Bigcénvé;sign
Anaérabic digestion, which E:@aucéé methane, and aléﬁhél

fermentation, which produces ethanol, essent;ally have slmllar 1
environmental problems: béﬁi systems employ micro- argan;sms in an )
aqueous medium and both generate a waste sludge which must be
dispésed The waste mixture includes a solution of glssclved
pcllutants and an undissolved p@rtlan of inorganic and ‘organic
solids. This waste mixture, or sluﬂge, may be disposed of ih 1ts
entirety or separated into, solid and aqueous components prlar to
disposal. Nevertheless, effiuents fr@m either procedure
(anégrgbié digestion or alﬁ@h@l fermentation) require similar
treatment and result in similar environmental impacts. '

Anderobic digestion currently is used on a wide scale in
treatment of municipal wastewater. The goal of this applicatién
is the breakdown of organic solsids present in the waste; methane
production is of secéndary concern. However, anaerobic digestion
is easily tranisformed into a technology of energy production, and
investigation of its methane-producing capabilities isAbeiﬁg done "’
on a signifiéant scale. Alcohol fermentation as an eéérgy prcﬂugtién

technology remains in the experimental stage. Thus, the focus

{)



- L
of. this section’ is on’ anaerobic digestion for- three reasons:

k (1) anaerobic d ,gestlgn systems using anlmal waste, are. in use
and have béenlstudleﬂr (2)- "this is tq be the technalggy (of .

the two) hav1ng the widest appllcatlan in the near term; and1

(3) the enyironmental lmﬂacts can be specifically, 11;ustrateé?

{uslngzanaergblg digestion of animal waste. Simi
F° _ [ _ _ . .
.do not .apply to alcohol fefmentation of bi@mass

|_.l\

Jf t:lrcumstances

‘The followihg dhséu551cn on environmental impacts is
’ divided into two sectlons. The first examines m3351ble environ-
. mental 1mpa:ts assac;ated ‘with anaerobic digestion of anlmal
. ?aste, as dlscussed in the technolagyzsect;an. Water gual;ty
is the primary area of concern, 'since it may be affected by ‘=
, digesteréwéstewatérs._ The second gection @utlinés present waste
 maﬁagement practices sultable for appllcatlan to anaergbic treat- ,
Jkgment of biomass. The focus of the;secagd se;;;cq is on land dlspaéa;

of treated sludge, its problems, and benéfitsi v N -

a. Env1rcnmental Impacts of an Anaer obic Di gester

_USlng_Catt}e Waste o

.

(1) System Design

'Lf~ﬁ~TheiigrichltufélwEeseargﬁ Sexrvice is presently-designing-an

experimental facility at Clay Center, N’braskaiato evaluate the

anaerob lcgdlgFStan process of animal waste. The plant will con-
sist of a-1,230- gallon (4,660-1) fermenter desighed to handle on
— a dai ly basis 350 to 400 pﬂuggé (160 to 180 Kq) Gf m§nure, reughly

that of 10 to 12 bé§f4cattleg The load capacity per{day will con-

'

w
[as

i,,

0

of 100 pounds (45 Kgqg) dr§ matter and ?OO pounds? (410 Kg) water
to, be fed as A

slurry -to the 1,230-gallon (4,660-1) digester. This

will be a conftinuous feed;pracess where the 10 percent solids-
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v‘days-befafe exltlng the . d;gestér’* A T

4’EDDtalnlﬁg salutlan w1ll und%rqa d;ge t,b

Ty 2 i R ».é‘g"‘

- - Lo . "'-"'n

< Far ﬁis:u sion purpDSESt three dlfferent dlaester éapaglt;

ss
- have been hypothetica lly canstrugted the sm llest being “based

E
on the Clay Ce ter Di gegﬁer.g The range of cagac;t;es is as

follows:

¥

= : - - =
* = %

e 1,230 galicnsg(§g56D 1); se:vingzappféxiﬁately 10

Jy " beef cattle; 10 percent solids; 10 day SRT; 120
‘o | gal/day (455 l/day); : A
- ' '@ '12,30Q gallons (46,600 1); serving approximately

100 beef cattle; 10 perceﬂt solids; 10 d ay SRT;
© 1,200 galfday (4,500 l/&ay) and ) )
» - e 123,000 gallons (466,000 1§ serving. pp:éximately

l 000 peef cattle; 10 percent solids, 10 day SRT;
lE,DDD!galéday (45,500 1/day) . ) ‘ ) e

Frbm data derived fr@m laboratory studles done in conjunctlcﬁ
- egizeq, (1) a high solids content (5.08%) in the digester effluent,
and (2) a low solids anteﬁt (4 80%) 1n the digester effluent.27/

" 'with pilot ‘plant madellna, two operating situations were hypoth-

is content in the éffluéﬂﬁ lndlcates relative digester e@fi*
ing most solids are organic. A high solids content

assum
'sents less br%degradatlan of original material than with a

m
‘h
1w
=y
Ew

uent solids content from dlgéstlgn of the Sa&é maféri%l{ :f,
Var atién of daily operating pracedures, as well as feed material,;
can result in variations of dlgéStEI operation., Therefore, étﬁe‘
.conditions outlined offer a range of digester_gperations that can

be expected at a facility utilizing cattle manure. Tables III-4

U]
e
uy\
=
\H\

I-5 present the situatifn of "low solids" and "high solids,"

b respectively. r b ) : K ?

) _ S, ’
* j.e., a solids retention time (SRT) of 10 days- .

&



TABLE -4
LOW SDLIES DIGESTER PERFDRMANCE

-

Influent ®/ |

B

Effiuent

Dgnl'y
Water

(pourda/day (Kg/day)

VS

TSS

(gﬂunmlday (Kg/day)]

L

WS%

.ﬁ@gal
" (485 1)

1,200
(4,550)

12,000

{45,500)

: 100~
(45)

| (45))

10,000
{4,500)

80

" (38)

%

(:;,&t_m

\ '(9)
m} a
{90) .

2,000
(Eﬂl

-4

(19)

a0 -
(190)

4,100

(1,900)

(10)

S0
- (100)
2,100
(1,000

]

200

%) |-

2,000 .
(90)

a/ Based on sahd; z:ﬁﬁtsnt of 20 percent mnvalat&l&* 80 pen:ant valattle

SGURCE; EEA Im;:

%

%

¥, ‘AP

S

b
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NS TABLEWIS, =~
> “HIGH SOLIDS" DIGESTER PERFORMANCE

L}

e

s A\

influant af n-.fﬂ  Effluent

*

i
¥

. | _ S — — ! - — — ;: e , ‘ — -
z, L R i [pounds/déy (kg/day)] ~ [ [pounds/day (kg/day)]
Number . Digester . Water B S ¢ | .

Cows Volurie | TS VS, NyS | .Ts§ . VSS  NVSS

of Cows , -, Capacity ) _
C0, . 1.230ga - 1207 100 80 . 2P " 62 42 0|
. l4gB01T) - (455) a8y (38) @, 1 @ (19) (@)

100 712300 1200 | 1000  =go0 200 620 20 200
. | 146600 ' (4550 |  (450).  (360) (90} (280)  (190) (90)
1000 . . 123000 ;12000 | 10000 ' 8000. 2000 0 | 6200 4200 2000
s, | (466000) (455009 | - 145000 (3600}  -900) [ (2B00)  (1800) - (300)
P L — e — . ——— .

% o - 4 - B

L h . W L N i
v,

a‘/-' Based .on soNds ;gﬁt‘gﬁt of 20 pEEﬁéE%t,ﬂéﬁ\!_Glaﬁ[& 80 percent volatile.

a4

&

* SOURCE: EEA, Inc. * ; e o

L : i o

B --HE_.
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The situations expressed in  Tables III-4 and III-5 are based.

on a feed composition of 20 percént nonvolat;le s0lids (NVS) and

80 percent volatile solids (VS). The effluent composition ns are
based on guspended solids (SS). 1In actual practice, anaerabla
. digester operation may alffer from the data expressed in the tables,
factazs cgntrlbutlng t@ this fference be;ng load rate, solids
content of fee@ material, yp of feed material, influent compo-
sition, ®nd others. chever, the data expressed herein are suf=

N af1c1entﬁfcr dlscu551ng areas of environmental concern.

(2; Effects on Water Quality !
. L
Possible effects on water quality occurring from the

. anaerobic digestion Process concern tHe disposal method chosen
for digester wastewated effluent. Anaerobic fermentation decreases
the pollutive Cénteﬁt of raw manure, but doeé not eliminate it.
Aécordiﬂgly, final dxspaaal of effluent’iﬁ and whether or not it
contacts a water bady -- will determine the resultlng effects Qﬂ.
water guality. Currently, there are a number of disposal methods
for digester sludge used in muﬂicipal waste treatment tgeé Sec-
tion IlI*Esz(b)];' Any Gf these processes are available for bio-

onversion systems. In addltioﬁ, recycling or parti#l recycling

\D d\

f effluent back to the cigester is also under consideration,
although no experimental facilities have actually employed £his
method. Hindrances to this sygtém'are the costs of treatment
néeded before the wastewater can be recycled. For the hypo-
thetical facilities discussed herein, it is assumed that effllent

. is disposed of by either irrigation or lagooning. However, this
is not meant to preclude recycling if this method Piaves prac-
tical; in light of such a possibility, the following discussion
"can be taken as a worst case assumption (i.e., total effluent

discharge). Coa

-97-~ i \
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For éaéﬁ of theé th?%e digester capacities mentioned, dis-
charge into a hﬁlalﬁgprné or evaporation pond is the pr robable
first step in.waste dlSstal For both the 1230 (4660) and
12,300 gallon (46,600 1) digesters [12) gallday (455 1/day) and
1200 gal/day (4550 1/day) effluents, respectively ], final dis-
posal into an eva;oratianﬁp@nd is likely. This is due to the
small capacity for irrigation each of the digester effluents
has. .

The largest capacity digester, producing a 12,000 (45,500 1) .

+effluent daily, is the likeliest of the three to serve as a prac-

tical irtigation suppleément. Dlsahargé into a holding pond would
be the first step, whereupon pGrtablé 1frlgatlan equipment would
collect the supernatural wastewater to be distributed -on the
fleld or graglng land (p@rtable equipment usually carries ‘about
1000 gallons (3790 1). 1f mechanical dewatering of the sludge
is employed to separate ®olids and liquid, the remaining liquid
will be channeled to an evaporation Qond and handled in a simi-
lar fashion. (Use of solids as feed has been suggested at the
Clay Center pilot plant to determine their feed value_ for rumi-

nants.) ® 0

Piping of EffIUEﬁt directly to the field for irrigatipn
would probably not be practical until much 1arger bioconve %
facilities come on line, approaching the one mllll@n gallons
per day figure. Furthermore, special equipment is reguired
for such operations, prg:luding introduction of wastewater into

existing irrigation facilities. 1In the bioconversion capacities -

#Jdéalt with\here, portable irrigation equipment would be the

probable mode of application, if irrigation is the selected

P

disposal method. 1If irrigation proves economi ly impr act;cal



‘other disp&sal methads will be :E&ﬁlred including sludge dry-’
‘lng beds, discharge into waterways, and discharge ;nte publlc l

¢

works sewage treathent Qperatlans , ' .

based on the two operating conditions of "hlgh" and “law“ Efflu—

,Ent solids. Assumlng uyniform feedstock, the high SDllﬁE eontent

indicates less argan;c ﬁECDmpESlthn within the digester than -

encountered w1th low solids effluent content. The values given .%4

- in Table III-6 thus are dependant on breakdown of valatlle EDlldS
(VS) within the erglnal sludge influent, the degrfee of break-

dgwn b21ng reflecteé by the Suipfpded solids (S8S) of the effluent.

L

In@rganlc substances also will be present in the dlgeséé

and its aff;uent.é Thegegsubstances, termed nonvolatile Sﬂlld5:
(NVS), are prgsent‘in the raw manure fed to the digester and
do_not undergé'géﬁversigni The concentrations of these consti-
tuents are different for éifferent manures:’ th21r Euantltles
~are dependent on the feed or rangé grass ingested by the cattle; -
rg}tlmately, they are dependent on the 59115 in which the feed
isggrgwn: When digester effluent i% discharged, inargﬁﬁfi salt
loads which have accumulated in the digester also gg}l be dis-~

charged, possibly affecting water or soil qualiﬁy_=

The EPA has documented water quality criteria applicable to
, : -, . : . 56/ _a

water bodies and waters for 1rrlgat1@2.6/
levels. of pollutants that can exist if wat

‘These Criteria.cite

g+ while not harming

the . enWronment. Disposal of waste sludge may affect pollutant
levels ik areas' governed by these Crlterla If digester waste-
water is. ntr@éu:ea directly into-a stream, the watérway should

have sufficient valumé to dlluté the p@llutants gg acceptable

-levels. For laﬁd‘applliatlQﬂ; digested sludge should not be
used ig\ﬁne darea for exténééﬂ_péfi@dg, since this may’ concen-,
; : = s ‘

CL
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= TABLE 1i1-6* | |
EFFLUENT, CHARACTERISTICS OF A BIOCONVERSION SYSTEM - -

j AT TWO OPE

RATING SITUATIONS

' EFFLUENT
CONDITION FROM - * SS €oD
DIGESTER

(%) - (TOTAL) (DISSOLVED)

=

| Highsoids' 680
Low Solids . 4.80 28,250

35300 6,230 4,170 3,000

¥

0
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-txate saltsg and toxic metals in the sa;; ) For example,;the
volume of Sludge effluent used to irrigate. 1 acre (0.4 hectares)
may contain the equivalent of 10 acres (4 hectafes) of -collected
‘waSté_and the salts it contains. Cancern wculd arlse anly 1f
digestar_effluént were cantlnually applied. to one area. .For

.éiample, the following compounds .-- if present in large gquan-

tities in digester effluent -- coul# cause problems if irriga-
tion is thus applied: e o
e Boron - At concentrations of -1 mg/1, boron is toxic

“to a number of sensiti%a plants. In general, i
K crops show toxicities-at leveﬁ; of- l mg/l or

t@%ezant £rops i:>l to 2 mg/l, and télezant crops at

2 to 4 mg/l. At~ boron c@ncén;ratléns ‘above 4 mg/;,

irrigation water is uﬂsatisfacfory for most crops.

. = ‘g'\

Jl Copper - Cancentra g ns of D .1 to l D mg/l in nutrlent -
‘salutlons have been shown to be taxlc to a large number
“of plants. Toxicity levels in nutrient solutioms and
limited data on soils suggest a maximum concentration of

0.2 mg/l for continuous use on all soils.

® 1ron - Iron is so insoluble in aerated soils at ali,pH
values in which plants grow well that it is not Poxic.
HDwevef, soluble iron salts in irrigation water contribute
to soil acidification, and the preclgltated lgpn increases

{ the fixation of-such.essential alementsfﬁgsggispharus and

nolybdenum. e )

If, ludgp drylng PQﬁdn channel runoff to exlst;nq waterways,

aLLQWS ‘proper dllutl@ﬂ of pollutants; lf not, treatment of tha
discharge would be needed. Partial treatment occurs in the

evaporation p%nd itself. Some organic solids settle out with




'wfthe undlsgalved s&llds ot the dlgéstgr éffluenti? I addltlanfz
n7 set;};ng of ésllds reduces respective 1nc£gan1c céncéntratlans
ﬁ,:w1th1n the solution., However, dissolved salts and dlSSQlVéd

- 4

c:aanlcs W1ll remain 1n .so0lution, pcslng impacts Qﬂ ‘water quallty.
oo - ' - . L
‘ﬂ_l : The d251gn of a siudge dryrﬂg lagmén alsa must .take 1nt@

raaccunt ‘percolation of water thrcugh the SDll matrlx.e Infllg
tratxgn of wastewater frém the lagoon may gﬂgntually reach ground-

- watér Salls must be able tD cleanse"-thls %éstewater be
it reaches the water table, or they mus& be lmperv1cus to 1t

flaw*tsee $ect§an III-B- é(b)]

m
™ ﬂ—h
ot U

e, .,F ) . e

[ T T ' ' e, F
Water fequ1remant5 represent anpther impact that should be

considered.. Water requlrements far‘thé three dlgester d251gn§
run- £rom 120 (455 1) to 12,000 ngE (45,500 I)..per day. The

hlgh flgﬁre is rDughly egulvalen to the flow ffﬂm a fast runnlng

garden hose. The problems of such fequrEmEHtS are inevitably
. determined by the location of the fa:1llty, i.e., watertabundant

or ya%er depletéd’areasi Re ,y:llng schemes would ﬁelp mitigate

; ; -
.-such requireﬁents if proven P?ﬁétlﬂal

ina lly, EEIStlng water quality may affeat ﬂlgester Dperatlon.

P«

For “example, %arga Falt loads-in the water will affect the growth
Df the anaerobic bacteria. In. ?ddltl@ﬁ, such concentrat;ons may
feach uﬂdéS;rable leve¥s when combined with concentrations present;
in tbe waste. Usually, such problems will not be encauqtered 5
'when déihg native sufface:watefs of fgrﬁlané stES, as crops
‘\Kwiil ﬁ@t't@iéfafé such concentrations. However, waters used %

t 3
from areas of 1qn;f;cant salt loads may present  some pr@bléms

digester operation of alkaline

Inhibitory concentrations to
gnd alkaline-earth cations are given bel@w;ég/ ) *
e Sodium - 8,000 mg/l;
Potassium -~ 12,000 mg/1l;
*lnusp requcea pollution associated w1th these compounas,
i1.e., BODL/COD.

%;DE= 1 -

e
l"‘i\




| -
® Caiqium , - 8,000 mg/l; and _ E
® Magnesium - 3,000 wmg/1. B
5\3* . . (3) . Effects on Aif Quality
e SR g‘ | :;f
. Air guality impacts associ ated with digester. operation e ¢
chiefly,those of Qdar, w1th some Dccupatlanal ‘exposure céﬁg rns

involved. Gas praductlcn for the three digester deslq§ ;11 o
average 800 (10 cow), 8000 (lDD cow) , ;nd 807,000 (1000 caw) EublC
‘eet per dayii Generally/, the ‘gas produced by a aigzster wiil

ave a c@mp951tlan of "about 55 Fercent methané, 45 pe:cent COy/
and le

=g
o

{
ss than 1 percent each HES and NH Em;551an5 Df;;dhCern

and NHB_ T ;o .

kI B :!ﬂ ;F'

ff

2

. If he gas praduc d is burned onsitf

Eggfand NH3 will be
oxidized "to water, nitrogen oxides, and sulEur oxides. Biocon-

version units generating large amounts of-gas (approaching one

millién cu. ft. per day) may employ scrubbers to femove these .

matéfials prior to c@mbustiah or introduction @f'the'ﬁroduét
gas into standard gas plpéllﬁES.= In this case, CGZ removal

' wQuld also be requlreﬂ HZS and NHB also will .be preEent to .

,some extent, in thevwastewatEf effluent from the digester.

In a éludge dfyihg Fand exposed taiéir,'these-caﬂstituents will .
be oxidized. ‘Howe v ver, some odor pyoblems may result from H,S
{(and poss;bly NH , ) in the wastewater.

- . § i ' &
- Blamass ‘does not contain a large amount of sulfur, althaugp

7

concentrations of D}$7 percent (by weight) have been measured .~
in cow manure (see Table II-4). Sulfides produced in anaerobic
treatment may exist in a soluble or insoluble form, depending

upon the cations with which they become associated. 'The actual

L
e

istribution of Sulfides_deﬁénds upon digéster pH and the gquan-

ity of gas produced from the waste. At g manure sulfur coﬁtent

ot

o / 4 .
of 0.2 percent,™a digesfer running at&a pH of 7.2 could have a raw



" an Gdar as well as an accupatlanal cangerﬂ.. The maxlmum permis-

sible exp@sure‘level to H S set by OSHA is 20 ppm. hyslala 1cal
2 g

‘responses to varlgus concentrations of hydrogen sulfide have been

" reported as ‘follows El/ ST L s 3,

o/

e 10 ppm: Beginning eyé*irriﬁaticn; L

e 100 ppm: Cgughing, eye irritation, loss of sense of
. ) . smell after 2 to 15 mlnute@&f Altered espir 'ticn, pain
S;tﬁe eves,. and draw51néss after l5 to 30 mlnutes,
ﬁsllawed by throat irritation af%er 1 hour. Several
héﬁz; | exposure results in gradual 1ncreases in sever;tyv

=

of these symptoms, ‘and deéath may D::ugeW1th1n the next

S 48- hDurs. ) _ ‘
e 500 to 700 ppm: Loss of consciousness; death possible

in 30 m;nutes to Ené hour; and

- @ 1000 to 2000 ppm: Uncansalausness at once, early cessar-
¢ tlonlaf resplratlDﬂ, and death in a, few mlnutes. Death ~
'may @ccur even if individual s removed to fresh air at

%*ance = : ' - i

Egp@sure Ef such high concentrations H,S would not octur °
durlng normal digester operation since the product gas - in the
majgrlty of cases - will be dpgraded to reffove cantamlnants be-
fore[gombustion,— Processes for upgrading the gas ;nclude those

- methods such as the molecular sieve, which dehydrates and removes
¢axbon dioxide and uff ur compounds. from the product ‘gas stream.
Even .in the rare cases in which untreated gas will be combusted

ite, H,® emissions should not occur since combustion will

';izé organic sulf;de% to SDE (in these cases, resulﬁing am-

E

50, concentrations would then bF of interest).

'*  TFhis 15 an ‘estimate based on imformation gix
. assuming all incoming sulfur to the digestej

H‘h

. o R

AR e RS Y

as sﬁream c%nalstlng of . apprcxlmately lQDD pm HZS S Expssures
of such quant;tles from' leakage of unt:eat&d product gas may paseF

Pl



1n which H,S concentfatfons fr

om
would pode\'a concern jre thése.ih which acci

d
Istances, ambiént air standards ‘could be
0

In these ir

a- dEflﬂlté 1mpact from odor¥ would result.  Howeve
at a health and safety
impact would oczuf'(bééed_pn m@déllnq:éffafﬁzp ma;imum”a@wnwind

L 7‘c@ncentraglo s-of H,S ﬁr@m venting of rdw .digester gas would be

increases. Because the ammonia gas is inhibitory to digester

©organisms. at a much lower concentration than the ammonium ion,
large quantities of NH ga's dre Self—limiting At a nitrogen- |

- - ammonia concentration above 3000 mgfliter}sthé deEStPf environ-
60/

ment becomes unhealthy for the organisms.

week) 1is 25 p?ﬁi Control of this pjllutant in the gas stream.
g removal - through scr ubbinqé

p %
gentrations @f ammonia encountered in digester opera-
1

1
dom exceed the level of an irritant or odor source.

Y

or lass %mr the 100 cowf

I~ & .1 ko 0.2 adres (0.04 to 0.08 hectares) for the

1000 cow cigester.

O .
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Addltlonal requigements for ED foot

beds are: .

®» less
for the 10 cow operaﬁlan,
approxlmately 0.14 acres
the 7100 cow opefaﬁién; and
appfoﬁlmacely 1.3 acre

lDDO cow ope ration.
EEf
)

Dewatered Sludgé S0

"‘1

according to thHe critel
In cach case, conce

of the di

n

nd agpligation

pjllutantg

nd dairy farm

dewatered sludge may be

. —106-

&

/

than a tenth Df an acre

tn occur irnt

-

(6m)

(0.04 he

péllutaﬂtsg

a particu,

dr

=]

rinking water qupplle

deep sludge ¢

ctar

"ntﬁ
Jétu the

éxamgle;

!1.

lar area allow run- .
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Toxic elements can be toxic either to the plants or to
the animal that consumes the crop. Analysis of- the soil-

f and of the crop itself will give the levels of concentra-

tion of 'any-toxic elements so that '‘proper crops can be
_selected. Certain crops have a higher tolerance for. w—
toxic substances than gthers. An example is oats and
-flax with spect to nrckel. Oats have a high tolerance

at 100 mqfl while_ &£ lax ﬁdg-a lmw tolerance at 0.5 mg/l

i

]

, 1 il with as high as 680 ma/D of 1ead -
had only 34.5 mg/; of lead in the leavgs. This is well :
below the 150 mg/l level of toxicity to ol t?le and horses

27

&

and caused no dafllmgnf 1 effects on the plants.

The plants will not be harme< by pathogenic organisms but
animals that consume the plants could be harmed. Organisms
can enter plants through bruises or cuts but generally

they are not absorl.ed by the plants. 59/

In addition to concerns for plant and grazer toxicity,’ ’

watef. Because the majoy portion of the wastewater appllﬁd

1nf£§tf3t;5 thd surface énd/pzfcalatés through the soil matrix,

nutrients that are n@t'ugél by plants or fixed in the soil can

Teach down to hH Wiﬁuﬂd ter aﬂﬂ cause contamination %
_Fﬁff§§tg§33fe ;riﬂTtLFulJI concern as they are highly

mobile. jPh@SéhDFUS ay'alsg leach to the groundwater if‘itm

is ‘but this occurrence is - L

rare 1n irvigation practlice.

quﬁnic compounds are rendered nontoxic
"roblems are encountered
r

1
somaebimes with open so0ilg which allow wateér to car ry the or-

ganics throwagh oo fast.
N
j 1
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" removed from ither landfilled, used as a
s01]l conditi '
+ & "
Dewatéréf;slugg: cake may serve as a soil conditioner, .

a
but it lacks m;ﬁy of the nutrients that were p
s
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(0.025 to 0.031 m'/Kg/yr). Envir@nmégtal problems associated di-
I

rectly Wlth lagoo ns are those of odor and pest popul?tlongi If

completelv digested, _lanonS may present odor problems which may

es
be countered bv dl”lnfEL ant addition. . Lagoons may :15@ support

l
insect populations, such as mosaguitos, and proper elimination steps

will have to be taken in these cases.

Climaté plays an lmpartant part in successful drylnq ,

bed operatiaﬁg drying being aided by sarid conditions. Large
rainf all ar gg' should be avﬁ,ééd as such conditions can p%es»
. sent }{Dbléﬂi% n 1agoan qperation. . L -
Finally, proper prec autlanF must be taken to avoid native
gfound&ater cantaﬂinati;n by bercolation of the digester liquid
through the soil. If soils are Very porous and/or native
groundwater is of excellent quality, problems may result. In
geﬁeralp precautions must be taken in relation to climate,
subsoil permeability, sludge loading rates, and sludge charac-
teristics. ‘
(3) Other Disposal Methods - S
e Mechanical Dewatering - The primary objective of any...
dewatering operation is to reduce the sludge moisture
content to a degree which allows ultimate disposal by
‘incineration, landfillinﬁg heat drying, etc. In a’
= bioconversion system, mechanical dewatering may pri- -
marily be emproyved for pr fduc1nq a dried cake which
can be tested for' its feed value Mecha lcal degmwater-
ing mayalnvludé the following o
- Vacuum Filtration: \ o) .
- Pressure Filtration; *
v - Centrifugation; and )
- ScCreenling. 4 , !
. I
4
- |
0 -112- N
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Of thégg processest, vacuum tlltratlon and centrifuga

tion are the most applicable for successful dewqtering

Y

to a solid.

/ s

Dewatering by vacuum fi
types of sewage sludge.  Usually chemical é@nditigns r
ing is a necessary step prior to dewatering, t i
. A popular cghemical materials being ferric chloride, lime, -
ure

and catlanlcEpclyelettrolytesg Cake moist

[ PP

‘\\ ’ vacuum fi ltlatlon varies from 55 to 85 percent by

C s

weight ﬁepapdlnq on the type of sludge handled and the
]

8 ! filter operati®y conditions. Normally, filtration of"
digested sludge requires a "tight" filtration medium
because of the minute particles present in-the effluent.

a ) ,

Centrifuges are becoming competitive with filters 1in.

e

com
/ wastewater management prac t;ce; but will probébly not

Al

w

' l ( replace filters because they ?apture fewer-solids and,
u in general, are less efficient fOIngWﬂtEflﬂg certain
e iifficuxt biological and industrial waste sludg es.
However, centrifugation has some inherent ad&antages
over vacuum’ filtfation 1n that it 15\a1mphe, camggct
t@tdily encloaed flPYlblC normally used without

‘ chemical ald ;, and the costs aé& deélaté;

—”
»

Discharge into public treatment works - ThHis form of

g
! ( disposal mavy.rinvolve dgfect plplng into publlc treat-
t

ol o poztablp transport Vld tanker trucks to o

If the dewatefed sludge Qake is to be used as a feed &
ingredient, as proposed in some bioconversion schemes, pre-
cautions will have to be taken such gs heating to destroy toxic .
organisms. This area will have to be.investigated in the futuré\t@>
determiﬁe proper ution control gf the'slugge cake, 1f this

u
application is shown to be viable. . f




~harge of digester e

went from bioconversion facili-
. 4

]
o)
)

ro
‘ment guidelines hefore

I

£l
reti
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ki
e
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H
i
i
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pu!
o
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>n to the public w

o]

rks wastewater systemi Anaerobic

i

I

§ .
digester effluent from a cattle manure feedstock will probably
r i ré without additional treatment, but this

> dependent on the compositidn of the manure.

3. Environmental Impacts of Combustion
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bt

i
[Tt
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m

\ . The 1mpacts of burning biomass for he

wgod combustion, are similar to those
Céﬁb 1stion of fossil fuels. ;HQLEV@§, éertaiﬂ character
. —"biomass help mitigate these  impac

‘and ash contents of wg@ﬂi which result in low sulfur dioxi

The construction of a wood burning boilery typically a flat //
1

ling grate ﬂé%igﬂ; will cause no air cuall

~
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beyond those of the construction of tany other type of boiler or.in-
ﬂhétriaixi”%tallatlén. Coﬂstrﬁéilon of such an installation
wil ;nvélve the clearing of vegetation, and conseguent alir,

pm
N\

[

. Normall

- P a
%xdfétrﬁgtlan of a wood

months to a

L
o
ad
}.J
|._-i
T
[
rt
puy
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=
0
[
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o]
o
=
W
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e
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. ‘ (2) Effects of Operation
. 7 : o
E_

t
injection employed, and (3) furnace design

£
lence 1t originates. Pulping operations, for,
t quantities of bark that may c¢

more than 70 percent moisture (by weight) as wel

!
—
[
(Wl

I
%
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Fly ash reinjection &ich is commonly used in many larger .

gk; ilers to improve fuel-use efficiency,-has a C@ﬁéiﬁérablé effect
pa

on particulate emissions. Because a fractlon of Eﬁe;ﬁallecteﬂ
fly ash is reinjpcted into the boiler, the dust loading from -
the furnace, and consequeﬁtly from the collection device,

increases significangly p@r ton of wood waste burned. It is

N . ~ = .
reported tha& full reinjection can cause a 10-fqld ingrease

in the dust loadings of some syStémsf alth@ggﬂfian;aSEs of ,
.2 to 2 times are more typical for boilers emp%aylngﬁﬁD to

lDD percent reinjection. A major factar affa:t;ng thls dust

ash before reinje&ti@n

}Particulate stack emissions from wood-=fired h@llef mostly

n, operating conditions, anﬂ particulate

1
M
lne]
g
m
8]
o]
b
o
H
:J
L':I
I
e
i
M
s

[}

n

controls. Eecauaé‘of the high moisture conteant of w&od a large .

ractory surface and SuFch1ent air should be provided to allow
Incomplete combustion re-

sults 1nwincreased particulate emissions, as well as increased

‘carbon monoxide and hydrOCeron emissions. For mechanical con-

of particulates, cyclone designs are the most Commanly

f

]

1
used.. These can achieve a particulate control efficiency
. F=]

T4ble ITT-7 pf;s'?ts a comparison of ém1251og factors for
ood burning boilers compared to utility boiler emtssions of
fuel o0il and coal. For wood boilers, two particulate factors are
shown the first represents uncontrolled émissions; the valuc in
parenthesis réfiects emissions after ga;t;ci&ate controls.. . All
other factors represent uncontrolled conditions.

Trace elements are contained in fossil fuels and in wood in
entrations. These alémentsf in su t

can cause adverse environmental dnd health
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. TABLE WI-7 .
URICQHTF!DLLED MISSION FACTORS FOR WOOD ccmsgsnau AS -

COMPARED TO U! CGNTRQLLED COAL AND FUEL OiL COMBUSTION

. (in Ib/MMBtu (Kg/10? call)
| - ) w s
3 ‘ x
“POLLUTANT woop - ) COAL _
Particulates .  3.010.3) [5.4(0.5))  0.06§ [0.099] 6.8 (040)  [12.2(0.18)}b/
S0, S 0.15 (0.27] ~ 22 (381 152 (2.74]
CcO ) 0.2-6.0 [0.3-10.8] 0.020 . [0.381] 0.040 " o 10.722]
Hydrocarbons 0.2:7.0 ° [0.3-12.6] _ 0.014 [0.253] 0.012 “[0.022]
NO, 1 et 0.724 [1.306] 0.720 [1.298]
FUEL CHARACTERISTICS -
Wi‘)QD':f o - COAL
Heating Value | 5000 Etu/lb 145,000 Etu/gai 12,500 Btu/Ib
(2770 Keal/Kg) (641 Kcal/1) (6,930 Kcal/Kg)
. Ash Content (%) 1 0.7 10
- Sulfur Content %) ‘ 0.1 2.0 1
— — =

a/ Value in pa?énthasis represents particulate controts of 90% efficiancy.

b/ Value in parenthesis is EPA New Saurt:.e Performance Standard, achievable with
control efficiency of 98.5%.

e/ 50% moisture content.

&

Source: Compilation of Air Pollution Emission Factors, Ref. 54.




w
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v péred tD cgal ash . faﬁtalns

ks

or

‘DA

or form part;culates which are then entralﬁeégin t

Bustion, thgse small quantities of tbxic eiéménts i;n vaporize

exhanst.

;

Trace E%Eméﬂtg frﬂm utlllty b@lléfg have not beén observed to
cause adverse éﬁVlIDnmEﬂtal effezts, alth@ugh thélf long-term .
era

11g1mpact hasg not qgen well daflngd In' general wood

combustion does nét present a_problem in this Area. Table III-8

¥

lists concentrations and emission factors Qf trace eldménts in

oy

Q@al and oil} fuels and cgmpargs them with trace metal concentrations

in blcmagé . Trom the tab,é, it can be seen_that wood ash com-=

L

Tess guantities of trace elements,

waBH the EXf?ptiéﬁ of cadmium}

_ e
b.- Effectz on Water muallty
. i - : ;
(1) Effects of Constructron
;-: 7 = 7 K s W :%!
?hé construction of a wood burning bo

fram the clea

a
the uncontrollec
cr

20-fold per acre

W

for uncovered

oW
T
[y
M
|..J
ol
1 ‘L_.l-.‘
o]
]
H
(]
o
L
i
L

load from uncontrolled, ugiléared'land is typically 5 to 50

tons per acre per year

ever, dependin

soil typés, th

3

Normally,

for the construction of 3
lasting from six months

impacts are anticipated c

m

111 to 110 metric tons/hectare/year); how-
@d?faiﬁf 1] characteristics, ‘t@péﬁraphy, and \

load ampunt can vary well beyond this ‘range. Con-

such as ditching and temporary cOvVer can reduce”
a4/

o T
"

:d

m

less than and is need

ion period

groundwater

2) Ef.fects of Operation
systems have many water dependent sub-
retreatment’ processes for boiller water,
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. TYPIC-AL LEVELS OF TRACE ELEMENTS
. ~IN FOSSIL'FUELS AND/BIOMASS -

- . Coal . “Dil - Biomass

Gppm)

Concantration®/

- Emisslon Factor
(g/108 Bm)él

{(g/108 Bruj/

- 0.024
0.08
0.11

w
LN

Ha

0.0069.
0002 -
- -0.008

0.001
Fd
039,
0.02

022 -

ﬂng _,

¢/ ‘Based on heating valub of 18,400 Btu/Ih for residual oil as bumed
d/ “Source: Trac:s Elements in Biochemistry, Ref. 55. - :

Pof 11Eﬂ Bt/ib fﬁr coal as burned.

4

_Source: Hazardous Emission Eharactanstlg of Utllrly Boilers, Réf 64.

5
d
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»'water carrylng ‘coolin é pipes, "and blowdown (cleanlng) aperat;ans.rfv

Internal pawe;plant—related activities such as cooling
feed, water pretreatment, steam blowdown, and boiler c

, boiler

Lé( ning
are rélativeiy independent of the fuel source used to fire the
unit.:fﬁiscéllanéoug support activites such as .sanitary systems,
labaratgryfand sampllng, and intake screen backwashing likewise

v are ;ndependent of fuel ﬁypés, Consegquently, the env1ronmental
impact of these act1v1tles in wccd fired boilers will b€ similar
to operations ipternal to coal, gas, and oil-fired units. 1In
this regard, cézl serves as the most appropriate analog, a o
fired boilers are capable of being fired with wood, with little

alteration.

Remaining water dependent subsystémg;:héweverp are affeéﬁad*
according to fuel type. Two sources of fuel-dependent pollution
can be expected from wood or biomass-fed units: the storage of

fuel and the disposal of éshi

‘The storage requlremeiis for wood residues are minimal
since, at a plantation site partlcularly, production and
utilization of wood residues coincide. Thus, the stagage of
~wood residues need only be Suff;c;ent to handle EOllEEthD

and productlon surges. It is estimated that storage/capa

. "'<

for less than a week is adequate; c0n¢¢qu§ntly, covered

storage piles (protected from rainfall) should not cause any
o P 1. . - _ 5 . ;‘"

appreciable water impacts. ‘ : )

However, if other biomass feedstocks are used alone
and/or in combination with wood, some prbbléms may result
1f they contain a high moisture ¢content. Wood is resistant
3 the anaerobic decay process in comparison to crop residues,

which may generate anaerobic decay pollutants if proper

-1204
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management is not employed, .Leachates tha%épi} affect water
quality unig: gnaercbi: decay conditions argé similar to those
" enctountered in' anaeréblc dlgestlcﬁ (i.e., BOD, COD, NH3, H;S),

, though of a lesser degree. ‘It is expected, hcwever, that wet
crop residues are the least

ikei?’canﬂidate for direa; burning.’

The ctger major concern L S that Qf ash dlsposal, which is

a p@tentlal source of surface and grcundwater pollutlcn;
Typically, ‘wood ash contents are less than one percent. Wood L
“containing’ 1.5 percent ash wi generate approximately 3 pauﬂds f
(ash) per mllllgﬁ Btu (5.4 Kg/log

cal). Other fuels produce
ash in the fcllaw1ng ratios: 11 pounds per million Btu (20

e ... 9 i ) , a
Kg/10”. cal) for,coal and 0.1 pounds per million Btu (0.2 Rg/l@g
Rl . f _ n. :

cal) for oil. | , . T o

If ash is handled by a wet rémﬂvaligzgcessi:diffiCultiés
arise' in its settling, creating floating ahd suspended 'solids.
Conventional sedimentation and skimming treatments éaq easily
reduce the dlschargedﬁfléatlng and suspended solids concen-
trations from wood ash to levels established pursuant to Public

Law 92-500, ' as applied to coal-fired boilers.

‘Dry ash handllng systems can eliminate any direct 14;acts

on water quality! The leachates that can evolve from wood

and their resulting effects on the environment have not been ‘g;g
D

documented; however, wcad ash residue has much lower acid and
heavy metal concentrations than those from leachates of cgal
Y ose , )

ash (see Table III-8).

ffects on Land Use

n
™

(1) Effect:r »f Construction

In a survey of steam- ele:t ic

c power plants, the acreage
needed for boiler 1nstallatlan requires approximately 0.1

I
-
P
i

I



acre per MW (0.04 hectare/MW) of rated boiler caéacity.; Thus;

iy

or woodﬁfireafboilersiup to ,}0 MW in rated capaci;y, less than
‘one acre (0.4 hectare) foland need be disrupted for the construc-
tion. The‘a§eégfgr,st§§age of materials andgéqpipment is..expected

_ §§'bé available at tﬁé industrial site on which ﬁhésé EéiiérS are

'xbui%t, and no .additional land requiremernts shourﬁabé necessary.
— ’ jﬁ - iz;;gEffects of Operation . ?; 
Operation of a wgcﬂ burning utiiity would affect lan 1d use
in two ways: (1)- acreage required for ash disposal, and (2)
support acreage requlreﬂ for fuel production.’ Regardlng the
former, ash praduceﬂ at a rate of 3 lbs/MMBtu (5.4 I{g/lo9 ca;y
wiiifyield 92 tons (83 metric tons) of ash per year petr MW of
capacity, at 70. percent utilization. The land requlreﬂ for
disposal would be.less than 0.2 acres per MW_(0.08 hectares/
. MW) over a twenty-year period, assuming 4 EO!fpgt_KBVm)'deep ash
).

pit and an ash density of.50 pounds per cubie foot (800 Eg/m

Land requirements for fuel productioQ necessary to suppcrt‘g;
a wood burning utiiity have varied estimates. Biomass yield

is the determining factor. For electric rated utilities, land

.2
area estimates hqve run from 0.4 square miles (1.0 Km") to 2 o
o . 65
square miles (5 Am ) péf MW. /
"7 ¥ Even small‘éapacity utilities require substantial, land re-
or e: ample, an energy plantatlan is designed around

sources. F
O

.the needs of a 100-MW.facility which runs at 50 percent EapSClty
‘tﬁrough@ut the year. Trees are grown on a 5-year rotation iéhed—
ule and sustain a yield of 9.5 dry tons ,per acre-year (21 mEtrlC
tOnS/hELtalé/YtaI) If a value of 8580 Btu/lb (4710 Kcal/Kg) E@r,

wood is assumed, the following values result:*

. .

- * . Based on EEA calculations. See technology section on terres-
trial blomasa growth for examples of tree species and yields
See technologv section on combustion for heat content of wood.
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e . 47.5 dry tons per acre (106 metrlé t@ns/hé%tare)

i  ; _are ha:vested Dﬁ a 5-year ratatlan,ayieldlng 8.1° '>§

Bhe - x %P Btu per. acre (5.0 x lD8 Kcal/hectare) ; |
® the utlllty has an efﬁlclgﬁcy of 12,000 Btu (3000. ey

Kcal) per kilowatt hDur, it requlrés an annual ‘heat

input. of 5.26 x 1012 Btu (1.33 x 10'? Kcal); .
5.26 x 10°2 Btu (1.33 x 10%2

hafvesting 6.51 % 10° acres (2.63 x- 103 héctares)

L
.

Kcal) are supplied . by

h’r—f’ o -pgf year Qr 10,2 square mlles (26.4 Km ) ; and’ ii'_ I
- sed on'a S—year statla*sschedulé, tctal planta—:
’~;m1les (lBL 6 Km ), or

Foos

L]
. U“
]

ing

area is

io

=
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- Regafdkéss of yielﬁi’E tion .
pact gf a fuelﬁi;dﬁtatlcn is‘ité‘ﬁtélizat

M\

,520 acres (13,155 héﬂtarés)

ity size, a-majaf imf
f immense traét% of

In erectlng a wood burnlng ba;lex, the sole source of solid ‘\\
waste is the veggﬁatlcn cleared from approximately one acre of
land. As in bl@mass thermochemical conversion facilities, thei
cleared .vegetation may be dlspoged of by utilizing it as biomass
fed to the unit. Thus, the amount of vegatatiQnLgersiéting as

a solid waste prgblem is expected to be less than that encountered

from constructjion Gf 1ndustrlal facilities of a 51mllaréglze.kt

_

m
i

(2) fects of Operation

\

As prgﬁlgusly discussed, ash .from-wood combustion will total .
';s@me three péunds per- mlllan Btu (5.4 Kg/l@9 cal), resulting in

an accumulation of 92 tons (83 metric tans/MW) per year. Disposal

of thls wasﬁe is estimated to require less than 0.2 acres per MW

(0.08 hectares/MW) in rated capaclty faf 20-year. accumulations,

assuming a 10-foot (3 m) deep ash pit.
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' k )’ e, Effects on Ecosystem.

Intgrnal pawer plant aét1v1tles (blowdown, baller tubks
1ean;ng) affecting water quallty w;ll.;mpact aquatic ecasystems;
muéh as thcse bf cégl= or oil- flred pawer plants do. Such impacts E\bi
usually result in short-term. hlgh c&ncéntrat;ans of acids and metals . .
lﬁ the water, wh;ch commonly do not cause adverse impacts.. Furt] K
mcré, if thls discharge dges not reach waterways, such 1mpacts"
w111 not g:cur. R ’ , ] k‘ifr ' ’ ‘ v

) . )

) Dl,?ésal éffésh éaﬁ’aisa affact ecosystéms if salt loads of
the. 'ash reach food chains. However, because of the low rate of
ash ggneratian in WQQ§EGDmbustién'and ité'law’cancgntratians of

vg;écé elngﬂtsfgthis imgggt ing not Likélf to ébcuf on an obsérvabla‘

level. , | R

s ﬁj'far the greatest ecosystem meacts will arise from the ~

ﬁsé of land in fuel ‘production. These 1mpacts\gave'been previously

1]

ﬂiSéuSS—d.l

. ..; g

f. Effects on Esthetics/Noise j

f The principal noise sources associétgﬁ WithQEHWGGagfuélEﬂ ‘\
facility will be heavy equipment traffic and bulldozers used in )
the handling of wood fuel. The chipping, or "hogging,". of the . T

fueljfor boiler injection will also geher cte »oise. - S

. . For workers at a gawe; plant, thé Natlanal Institute ot
Dccupatlcnal Safety and Health (NIOSH) of HEW recomménds that
8- h@ur daily exposures not exceed 90 6EAi Enforcement "of these
levels is carried out by the Dccupatlanal Safety and Héalth
Administration. Such levels can be easily attained through use
~of any standard control Dp}l@ﬁss equipmant modification, limitiny

exposure time, etc.
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4. Envirénméntal\lmpggts of Direct Hydrcgen Production
Environmental impacts pe rtalnlng to hydrogen productlon
v1a~altératlan of the photdsyrthetic process in b1u2§grean algae

can be Dnly broadly addressed, as the technglggy of this.con-

< zh

ve:slgn process is at a very early stage.

'.i'

The pgtentla% 1mpaets are twcfo;d odors from dééafingg
‘agblamass due ‘to process upset, and local imbalaﬁcES'cf carbon di-
~6xide and oxygen. The latter requires large-scale implementation
and results from the production of hydrogen, occurring at the '

expéﬂsejof normai photosynthetic conversion of CDE to GZ. ’

Potential water EmPazts maffarise from the use of nutrient [
aden waters to support algae growth. Wastewater may be appro-
priata?fér this use, and large éurface ponds ccrha;n;ng algae and

. wastewaters ﬁéy affect water quality from overflow or infiltra-

. tion of the soil natura.: Howeveér, the use of sucﬁ waters may

A

The£m31 effects could alsa arise if large areas of wat%z

are used to suppbrt algae grcwth -thereby redu:;ng the amount af‘\
solar radiation reflected off surface waters. These effects may

" be distributed beéweeniai: and,gater affe&tiﬁg climate and water

ec@systems_ Hawever, sgch>impacts are remate, ‘For the most part,

ﬁ 2ter mined on any feasonablé scale.




c. 'Sgcial/;gi itutional Impacts of; Elamass _as An Energy Source

7 ;
- L.
Sq;ial and institutional impacts of biomass ehergy use
primarily ar;se from biomass production,.rather than biomass

conversién, For biomass apgl Eatlans ‘employing. terrestrlal
vegetation, soéiai}institutlanai:;mpagts stem largely from the

land areas ‘required and the ag¥icultural procedures employed.

,Ganéeqﬁently, land use impacts (including decisions on using

.. Federal lands) and agricu;tural-palicies and regulations would

bg the major focus of ipétitutignal impgcts-frbm tﬁis technology.

"
Terrestrial biomass production also will result in com-
petltlon with faad and fiber markets for avallable resources,
(;.e., lﬁnd;~f§ftlllzéfs, equipment, and water. Institutignal
regulations would be required to address conflicts. d iﬁgqglber
shortages, and espe:;ally during possible food sh rtfalls.
These regulations’ Sbuld prioritize needs irf relatagn to food,

'fler, or energy when CanllEtS in thESEﬁmarkEtS .occur fram' .

Eh@rtages,v ' S . C o . L

£ =

7 * as . . ) ' = o

Cultivation @f’aqﬁatiﬁ‘plants for ' biomass will create

.. additional sazlal and institutional 1mpacts as. thé methods

used must be 1nterfaced with exlstlng water use and water
quality regulations. Marlculture(gperaﬁians!ln particular
may réquirE*develémeﬁt af new adminis#fative and reqﬁlatarj
-”Str ctures. Slmllarlyf the p3551bLe lnterfefence of marine
farms w1th fishing r;ghts must be con51dered and establish-
‘ment.of approprlateugévernmental jurisdiction (Federal, State,
or IﬁtéfﬁatiOﬂal) would eventually be requirédi

L ,



" SECTION IV | SO

A. Introduction ' ' b ' o

"
w

’Thé*purpése ijthis section is to lay out a preliminary
f the biomass »

draft work Plan far ‘environmental analysis o
production and CGnVEfElOﬂ technologies being developed by the -
Enerygy Research and Devela@ment Adminlstrat;on (ﬁRDA)n It
addresses tha p:eparatlon ‘'of Environmental DéVéléﬁméntgﬁléﬁS}wim
EnV1rénménta1 Impact Assessments, and Environmental lmpaét
Statements, as well as the conduct of basic and agpliea.:ésearcg
;uggortive of develgping;a %g%;&r understanding of the environ-

mental consequencgs of the "Fuels From Biomass" program.

- : - i E
s ‘7 -1 s N . . 5

The work scheduled jn' this report should not be

construed as

off;31al plans of either the Division of Solar Energy*br of ERDA -

as a wh@léi' The work shown is that identified the contractor.
Many of the pgéjécts identified and autlinéé in Seciiénﬁb can be
carried éut outside of ERDA and can pe handled in a var;ety of
ways. The scheduled work does not tike into account break-
throughs or findings which may allow for significant reductions
in effort or expansions, and it may not reflect specific work

already underway in the public or private sectors.

B. Desgriptacnraf NEPA Documents

i

1. Background

The National Environmental Policy Act of 1969 (NEPA), imple-

mented by Executive Order on March 5, 1970, and the guidélines of
the quncil oh Environmental Quality of August 1, l%?B, requiré

Jthat all agencies of the Federal government prepare detailed

f

environmental stateménts on major Federal actions significantly
/F : . ) .

-127-
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. . v T
fecting the quality of the human environment. The objective

af
e Y AL , . N .

f NEPA is"to build into the Federal agency decision~making
es

‘"UUW

M\

at the earliest pa§SLEle point, an appropriate and
L

areful cgnalderatiaﬂ of all env1ronmental aspects of a pro=

0

pcsed action in order that adverse enV1rQnTental effects may f

be avalded or minimized.

In carrying out this mandate, eaﬁhiagéney of th%’ggkarnment
has set out a policy and pf@cedures fDr’impleﬁéﬁtiﬂg théée re=
quirements. ERDA currently operates under official gu;ﬂellnes .
= orlglnally established by and fo‘the now défhnct Atomic Energﬁg\
7wComm;551on. In an effart to update and reor;ent the guldellnes_

to ERDAﬂésneeds, alternatlve guldellnes are naw helng preparéd

7 Alth gL the proposed rEVLSrQES have yet to .be flnallzed or

adapted(QéEause the proposed changes are so extenslvé and :this
?aocument is to serve as an ig put to a future agency plaﬁnlng effort,
for purgoses of thlS analysis the most recent proposed revision
(November'1, 1976) has been used to represent the futurg official

iguiﬂélinesl; The discussion of NEPA report requirements and the
recommended work schedule is predlcatzg on the guidance provided

in the November 1 draft revision. '

The bazkbqﬁé of ERDA's NEPA éompliaﬁce prégfam‘is the prepara-
tion and review (by the 'agency and the pubdic) of documents address-
ing the environmental aspects of programs and ﬁrojécts of the
agency. Three types of documents.are particularly important:
Environmental Developmeqnt Plans- (EDP' 's), EnVifDnmenﬁgl Impaét_
Assessments (EIA's), anc Environmental Impact Stataments (EIS's) .

Each is described.belowl -~ Ilp ;
T Ry fe= - : )

2.  Environmental Development Plans

: 5
An Environmental Development Plan (EDP) -is the basic ERDA

,managemEﬁt document’ for th& planning, budgeting, managijng, and
ﬁgfeviewing of the broad environmental implications of each energy

= 4 i
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_ signed to 1dent;fy enviror

Fa
techng%§g§ﬁaltérnatlve for each major EEﬁA research, development,
andiééﬁgnstratlan and ccmmerc;allzatlcn program. The EDP is de-

=htal issues, problems, §5d concerns as

‘early as possible during [the program's devel@pment to anaiyzé the

*

available data and assess “the current state of knowledge related to
éach=issue, problem, and caﬁéern, to set forth .strategies to resolve
these, to set forth the processes by which the public 15 involved
in identification and resoclution of Ehése issues, pr@blems, and }

concerns, and to des;gnate slgnlflcant ml;estones for resolutlog

of these issues, problems,, and concerns. The timing of the EDP's
milestones reflects the seqaencing of the technology develépment.
EDP's, oncg gompleted, are mada-évailablé to the public:

3. Enﬁéronmental Impact Assessments “-

+

An Environmental Impact Assessment (EIA) is a written refprt,
prepared by an assistant administrator or an ERDA program office,
which evaluates the environmental impacts of proposed ERDA nctions

to assure that envi:onmental valﬁeg are considered at the earliest

upon. the evaluation, determines whether or not an env1ronmental
1mpa:t statement should be prepared. The EIA is intended to be é
brief, factual, and objective dogument describing the proposed
action, the environment which jéy be impacted, the pOtéﬁtial
environmental 1mpacts during ¢ nstructlon, Gperatlan, anqgslte

restpration, potential conflicts with Federal Sﬁate, regional, or

local plans, and the environmental 1mpl1catléns of alternatlve;.

¢ ' : »

4. Environmental Impact Statements o

An Environmental Impact Etatementg(ﬁﬁ%) is a documemt prepared
at;the earliest meaningful point in the decision-making process,
) @
which analg;es the anticipated environmental impacts of proposed

ERDAfactloné\and of rea:onably available alternatlves and whlch

3

i
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S is‘preparea in response ti plans in the program's EDP
or after the review of an EIA which 1dent1fles pgtentlally Slgs
nificant impacts. The EIS goes through a SpElelC preparatlcn

f\giccess 1nvclv1ng agency and public review.
. * ) e = & . = g l i .
The BIS goes through ur ster ring it preparation. The

p’iliﬁinary draft is revifew draft is distributed

A
to, the public for review e pr
corporating comments submlttéd to ERDA lg res

ng,e to the draft is
reviewed within ERDA, and the final EIS is issée reflecting the i
agency's final review and deliberations. This final EIS is then

distriputed to ‘the public. Except in special cases, no ERDA ;

subject to EIS preparation can be taken soorier than 30

days after the ﬁ%nal EIS has been issued.

- - et
An EIS can be prepafed covering ﬁ?%grams, projects, or the use
of ERDA facilities. In each case. theégﬁaument must reflect the
utlllzatlanagf a systematx& 1ﬁterdlsc1pl;nary approach which will
insyre the integrated use of the natural ag? social sciences and -
the environmental design arts. o : : ﬁgf
Contents of the report cover a description of the proposed actloﬁ

and al:efhativeg, a description of the existing énv ronment, an analy-

I
sis of enVernmental impacts of the pr@posed actipn and its alter-

natives, and a specific review of the unavoidabl advérse effects,

resource use, land use Amplications, and the ;nv;roﬁ%en al” tradeoffs
\
represented by the prépaaed action and the alternatlveg .

C. NEPA Document Work Plan . P *

work schedule for variousy

1l
~hedule for the various re-

" ~130-
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: FIGURE IV-1
FUELS FRGM BIﬁMASS RESIDUE (EA0402) ENVIHDNMENTAL WORK SCHEDULE

B

CALENDAR YEAF!

_—

VORK ELEMENT 1976 wrr | 1o | 1em | 1ee0 1981
~L 1 T 1 J L1 1
— 1 LIV I I O N N O B B I LB B |
IEPA DQCUMENTS - i : Sl 1
Environmental Development Plan ) E Esl — - | -
__Programmatic EIA/EIS | j— " - | ‘
Project ElA/EIS——Nane B
ESEARCH PHDJECTS -~
(1) Biomass Processing ~
(2) Refuse Collection N I
(3) Marine Biomass -
é :
\ :
R - 1 -l :3 (W]




: J * H
R Regeargh andsﬁexglgg;gnt P:_jecta
v o  Tthugh the preparation af EEA g (

N Analysis) environmental survey éf’ﬁhé ERDA "Fuels From Biomass"

gy and Environmental®

=

ner

mfﬂxkprag:am, a wide range of EﬁVlanmgntal issues was identified:

E;'Eh could not be analyz&ﬂ adquately within the context of

. of ﬁQ? EEA study ThlS sectlaq 1dent1f;é$ "five speclﬁit fDllEW’ ﬁ?"
P _

-

up “eégareh pr]EEtS which thg ‘EEA staff felt were critical to the
undergtandlng of the environmental consequences af large-scale

commercial applleatlan of bl@mass and which are not 1iké1y to be
specifically og adequately-aadEESséd solely in the'prepar3§ign N
of NEPA documents. Many other research prDjECts were identified
during‘EEi's study ThlS Llst represents a ccndensatlcn and trim-
.ming down of ﬂraft 1lists to thcse prcjects which are ielt to be fo ‘

greatest 1mp@rtance to the advancement of bilomass use and the .

E. Biomass . f\

- o | |
Biomass Processing Characterization of Residuals

P
=
»

i 5 f' ! ) = = ~
“~“e The pyrolysis, hydrogenation, and gasification of

biomass can: pf@dﬂée Eignificant quaﬁtitiés of air,

harmful naturei This study wcgld utll;ze the vast
boly of information currantlf available @n}thé ap=
plication of similarwmethods to Qcalvang 0il shale
to determine the'types and quantities of these

r251duals and how they might be treated or avoided

thrDugh process de§ign modifications. =




r‘“’“ ST

Plant Refuse Collection Net Env%ronmental Impact Case

”‘U«

Studies

Identify* farming operations where readily- accessible
crop residue of sufficient quantity could support

a commercially viable biomass operation.

For each -location, document current residue -handling
practices and develop an operating scenario for bio-

mass collection and use at the site.

Marine Biomass Impact on the Local Energy and Water Balances

=

Analyze the magnitude anﬂ'type of climatologica
d

iy

effects one-might expect with large-scale increas

_photo-absorption at the surface of the ocean.

In particular, examine the impact on surface water

temperatuter evaporation rates, and secondary

“impacts on cloud fgrmatlan and precipitation rates.

EThlE study could be funded in conjunction with

"similar work on Ocean Thermal Enerqy Conversion

(OTEC) .]
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