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I n  a recen t  s tudy (1 )  undertaken t o  ensure t h e  e a r l y  i n c o r p o r a t i o n  of env i ron-  
mental cons iderat ions i n  dec i s ions  concerning biomass-to-energy systems, a number 
of  issues emerged i n d i c a t i n g  the  need f o r  e a r l y  a t t e n t i o n  t o  environmental,  soc io -  
economic and hea l th  concerns. 
can lead  t o  environmental impact, and a l though most impacts w i l l  be s i t e - s p e c i f i c ,  
some gener ic  e f f e c t s  can be i d e n t i f i e d .  
a r i s e  f i r s t ,  from t h e  need f o r  l a rge -sca le  commitment o f  resources f o r  product ion,  
and second, from uncon t ro l l ed  widespread smal l -sca le u t i l i z a t i o n .  

Because biomass-related impacts cover a ve ry  broad spectrum o f  ma te r ia l s ,  
processes, end products, and e f f e c t s ,  t h e  d i scuss ion  presented here, except f o r  
an overview o f  gener ic  e f f e c t s  and comment on p roduc t i on  impacts, w i l l  be d i r e c t e d  
p r i m a r i l y  t o  those r e s u l t i n g  from r e s i d e n t i a l  wood combustion. 

Table I summarizes t h e  p o t e n t i a l  nega t i ve  impacts associated w i t h  biomass 
energy systems. Small sca le  r e f e r s  t o  on-farm, r e s i d e n t i a l  o r  smal l  commercial 
f a c i l i t i e s  and la rge -sca le  imp l i es  i n d u s t r i a l  s i z e .  It i s  assumed t h a t  implemen- 
t a t i o n  o f  complete ly  e f f e c t i v e  environmental c o n t r o l  f o r  e i t h e r  biomass p roduc t i on  
and ha rves t i ng  o r  smal l -sca le convers ion w i l l  be d i f f i c u l t  t o  a t t a i n  whereas 
i n d u s t r i a l  i n s t a l l a t i o n s  w i l l  be sub jec t  t o  e x i s t i n g  o r  f u t u r e  r e g u l a t i o n  on a i r ,  
water, and s o l i d  waste emissions. This  accounts i n  some cases f o r  a g rea te r  
s e v e r i t y  o f  impacts p r o j e c t e d  f o r  smal l -sca le a p p l i c a t i o n  compared t o  i n d u s t r i a l -  
sca le  deployment o f  t h e  same technology. A note o f  c a u t i o n  i s  e s s e n t i a l  i n  
i n t e r p r e t i n g  the data i n  Table I .  Because biomass systems are n o t  y e t  w e l l  de f i ned  
and because many o f  t h e  issues a re  complex and far - reaching,  assessment o f  t h e  
s e v e r i t y  o f  environmental impact  a t  t h i s  t ime  must be considered o n l y  as an 
i n d i c a t o r  o f  p o t e n t i a l  f o r  nega t i ve  e f f e c t  and d e f i n i t e l y  n o t  as a p r e d i c t i o n  
o f  unavoidable impact. Th i s  i s  e s p e c i a l l y  a p p l i c a b l e  t o  t h e  as-yet -unr ipe 
technologies i n v o l v i n g  energy c u l t i v a t i o n ,  such as s i l v i c u l t u r e ,  a g r i c u l t u r e ,  
and m a r i c u l t u r e  (marine farming) .  

terms o f :  

Both p roduc t i on  o f  biomass as w e l l  as convers ion 

The most impor tan t  p o t e n t i a l  impacts 

P o t e n t i a l  impacts o f  biomass product ion,  which can be summarized i n  

0 Land use (and abuse) 
0 Water use (and abuse) 
0 Erosion and sedimentat ion 
0 A g r i c u l t u r a l  and f o r e s t  r u n o f f  

and 0 Disturbance o f  ecosystems, 

can be a t t r i b u t e d  d i r e c t l y  t o  t h e  necessary p r o p e r t i e s  o f  an energy farm: 

0 I n t e n s i v e  species management 
0 
0 Short  r o t a t i o n  t ime 
0 Weed and pes t  c o n t r o l  
0 Large land  t r a c t s  

Fas t  growing and regenera t i ve  species (monocul tura l )  

and 0 Use o f  p resen t l y  u n d e r u t i l i z e d  land.  

* 
Research sponsored by t h e  U.S. Department o f  Ener9.y under c o n t r a c t  W-7405-eng-26 
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Because biomass energy production systems a re  projected as operating on a very la rge  
sca l e ,  the  projected environmental impacts tend t o  be an exaggeration of well-defined 
ef fec ts  which a re  now controlled or mitigated i n  existing production and harvest  
schemes. For example, land use impacts of energy production a r i s e  from the  need 
fo r  a large commitment of land ( i t  requires 38 million acres to  produce one quad Of 
energy). Land i s  unavailable except e i t h e r  i n  competition w i t h  food, f i b e r ,  o r  l ive- 
stock production, or by using underutilized land. 
i t  i s  of low quality and unsuitable fo r  cu l t iva t ion  because of problems such as  
wetness, dryness, or high erosion potential .  Potential  environmental impacts o f  
intensive monoculture cu l t iva t ion  of low qual i ty ,  marginal, or uncultivated lands 
have been well documented ( 1 ) .  In addition t o  possible water and so i l  nu t r ien t  
depletion, and a i r  and water pollution, conversion of such areas to  biomass 
plantations could r e su l t  in destruction of the l a s t  remnants of once-extensive 
wild1 i f e  habitats.  

be converted e i the r  d i r ec t ly ,  by combustion, o r  ind i rec t ly ,  by thermochemical o r  
biochemical conversion. This involves a wide var ie ty  of technoloqies, many 
d i f f e ren t  processes, and various-sizP operations. 
of biomass-to-energy options, one of the most familiar and readi ly  ava i lab le  
i s  res ident ia l  wood combustion. Unfortunately, few def in i t ive  environmental 
impact data e x i s t  fo r  t h i s  use. Because wood burninq i s  r e l a t ive ly  f r ee  of some 
of the  most serious environmental problems associated with coal combustion 
such as so l id  waste disposal and sulfur dioxide emission, a n d  because environmental 
control i s  d i f f i c u l t  t o  implement a t  the home-owner leve l ,  l i t t l e  a t t en t ion  has been 
focused on environmental management of t h i s  biomass apolication. 
wood burning, which i s  becoming increasingly more popular and widespread, produces 
a i r  emissions which, i f  uncontrolled, can pose a t h rea t  n o t  only t o  the environment 
b u t  a l so  t o  human health. The important thermal decomposition products of wood are 
smoke (a mixture of so l id  par t ic les  and condensed l iqu id  pa r t i cu la t e s ) ,  v o l a t i l e  
hydrocarbons, and carbon monoxide. S igni f icant ly ,  even when wood burninq Droduces 
low concentrations of smoke, larqe quant i t ies  of carbon monoxide may be oroduced ( 2 ) .  
Additionally, the conditions t h a t  promote abundant emission of both smoke and carbon 
monoxide a re  exactly those prevalent in the conventional res ident ia l  wood stove or 
f i rep lace  (1).  

res ident ia l  combustion a re  hindered by the  lack of standard techniaues such as e x i s t  
f o r  assessing the emissions associated with large centralized sources. 
commonly employ sophisticated emission abatement devices, uniform fue l s ,  and 
carefu l ly  designed, operated, and maintained combustion devices. Wone o f  these 
assumptions apply to  the residential  wood stove. 
w i t h  which wood stoves a re  replacing more conventional heatinq sources and the 
consequent potential f o r  environmental impact, demands an evaluation. 

Available predictive techniques were u t i l i zed  t o  pred ic t  qround-level concen- 
t r a t ions  of pollutants from wood combustion devices. 
Gaussian d is t r ibu t ions  of po l lu tan ts ,  and are most applicable in f l a t  t o  gently 
ro l l i ng  t e r r a in .  
emission r a t e s ,  wind speeds, and wind d i rec t ions .  
dispersion approach, the values in Tables I 1  a n d  111 were obtained. 
and distance dependence were determined fo r  groundlevel concentrations of emissions 
from one wood combustion device burning 3 kg of wood per hour under the following 
typical meteorological conditions: 

Land i s  only underuti l ized when 

In order to e f f ec t  the release of the energy in biomass materials,  they must 

Of the resu l t ing  array 

However, home 

Unfortunately, attempts to  estimate the a i r  qua l i ty  impacts of small-scale 

The l a t t e r  

Nonetheless, the  rapid Dace 

These techniques ( 3 )  assume 

Concentrations can be calculated f o r  a variety of pollutant 
Usinq this tyoical Gaussian 

The time 

w i n d  speed 2m/sec 
e f fec t ive  emission heiaht 10 m 
atmospheric s t a b i  1 i t y  s t ab le ,  c lass  E .  
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Table 11 - Maximum One-hour Ground Level  Concentrat ions O f  Emissions 
3 

From One Wood-burning Device (pq/m ) 

Downwind Dis tance SAove (oak)  Stove ( p i n e ) b  F i r e p l a c e  
( m )  P a r t i c u l a t e s  Hydrocarbonsd COe P a r t i c u l a t e s  P a r t i c u l a t e s C  

10 
25 
50 
75 

100 
150 
200 
250 
300 

1.5 1 - 32 114 
4.6 3 - 98 354 
4.2 3 - 87 320 
3.3 2 - 70 254 
2.1 1 - 45 161 
1 . 5  1 - 31 111 
1.1 0.7 - 23 82 
0.8 0.5 - 17 62 

8.8 
27.2 
24.6 
19.5 
12.4 
8.5 
6.3 
4 .8  

3 
Table I11 - Peak Concentrat ions ( t iq /m 

f Time ( h r s )  

1 4.? 3 - 99 356 27.4 
3 3.2 2 - 67 242 18.6 

24 1.5 1 - 32 116 8.9 

Tab le  IV - Shor t - te rm Worst-case Est imates From A Study Areag (vg/m3) 

10 
25 53 31 - 1071 4017 
50 52 30 - 1070 3991 

100 51 30 - 1050 3939 
150 51 30 - 1040 3900 
200 50 29 - 1029 3809 

300 48 28 - 988 3666 
250 49 29 - io09  3718 

r e f .  ( 5 ) .  Emiss ions:  1.7 g/kg wood 
r e f .  ( 5 ) .  Emiss ions:  10.0 g/kg wood 
r e f .  ( 6 ) .  Emiss ions:  15.0 g/kg wood 
r e f .  ( 7 ) .  Emiss ions:  range 1 g/kg t o  35 g/kg wood 
r e f .  (8 ) .  Emiss ions:  130 g/kg wood 
Time s c a l i n g  f a c t o r s  f rom r e f .  (3) 

309 
307 
303 
300 
293 
286 
282 

13.2 
40.7 
36.8 
29.2 
18.6 
12.8 
9.4 
7.2 

41.1 
28.0 
13.3 

463 
459 
453 
445 
439 
428 
422 

4 )  Study area:  

S i ze  
Housing d e n s i t y  
Wood use 
Emissions r a t e s  same as i n  Table I 1  

1/2km x 1/’2km 
4 u n i t s / a c r e  = 247 d w e l l i n g s  
3 kg/hr/house 
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I 
I n  t h e  Clean A i r  A c t  Amendments o f  1977 (PL 95-95), t h e  EPA de f i ned  t h a t  amount 

o f  adverse e f f e c t  on a i r  q u a l i t y  a l lowed i n  the  p reven t ion  o f  s i g n i f i c a n t  d e t e r i o r -  

and power p l a n t s  a r e  reviewed f o r  PSD compliance. 
represents  reasonable l e v e l s  o f  a i r  q u a l i t y  degradat ion deemed acceptable. 
increments f o r  p a r t i c u l a t e s  (none e x i s t  f o r  carbon monoxide o r  hydrocarbons) a r e  given 
f o r  c l a y  I & I 1  areas (4) .  For p resen t l y  p r i s t i n e  (Class I )  areas incremenjs  a re  
10 ug/m maximum f o r  a 24 hour pe r iod  w i t h  an o v e r a l l  mean maximum o f  5 ug/m ; f o r  
t y p i c a l  (Class 11) areas, p a t j t i c u l a t e  concen t ra t i on2  a r e  l i m i t e d  t o  a 24 hour 
maximum increment o f  37 Ug/m and a mean o f  19 ug/m . C l e a r l y ,  values i n  Table I 1  
show t h a t  o f  severa l  woodburning stoves l oca ted  w i t h i n  100 meters o f  each o t h e r  
would exceed a l l owab le  increased i n  p r i s t i n g  areas and would consume much of  t h e  
a l l owab le  increases i n  t y p i c a l  areas. 

cond i t i ons  ( i n v e r s i o n  w i t h  a 15 meter s t a b l e  l a y e r ) ,  t h e  a i r  q u a l i t y  impact  would 
be fa r  more severe, as i n d i c a t e d  i n  Table I V .  The s tudy area i n  Table I V  rep resen ts  
a t y p i c a l  small  community, and the  d i s p e r s i o n  cond i t i ons  a r e  r e p r e s e n t a t i v e  o f  small  
Appalachian reg ion .  The assumed adverse cond i t i ons  rep resen t  a r e a l  i s t i c  w o r s t  case 
s i t u a t i o n  t h a t  cou ld  be expected t o  occur n i g h t l y  i n  some l o c a t i o n s  i n  t h e  
southeastern U.S. and i n  New England occas iona l l y  l a s t i n q  f o r  UP t o  24 hours. 
a l l  247 houses i n  the  community heat  w i t h  wood f o r  f o u r  months t h e  t o t a l  p a r t i c u l a t e  
emissions f rom a 1000 MWe c o a l - f i r e d  power p l a n t  se rv ing  t h e  needs o f  approx imate ly  
500,000 people us ing  a s t a t e - o f - t h e - a r t  p a r t i c u l a t e  removal system (99.5% e f f i c i e n t )  
would emi t  approx imate ly  13 tons o f  p a r t i c u l a t e  du r ing  the  same t ime  p e r i o d  (10 ) .  
I n  a d d i t i o n ,  a l though l i t t l e  i s  known about the  p o t e n t i a l  h e a l t h  e f f e c t s  o f  l ong -  
term exposure t o  wood combustion p a r t i c u l a t e s ,  many o f  t he  i d e n t i f i e d  hydrocarbons 
a re  known carcinogens (1 ) .  
f o r  adso rp t i on  o f  po l ycyc lec  aromat ic  hydrocarbons onto t h e  su r face  o f  r e s p i r a b l e -  
s i z e  wood ash p a r t i c l e s  (11) .  

c u r r q n t  ambient 8 hour maximum standard o f  10,000 uq/m However, t h e  4,000 
pg/m should perhaps n o t  be considered inconsequent ia l .  Animal s t u d i e s  i n d i c a t e  
t h a t  exposure t o  low l e v e l s  o f  carbon monoxide f o r  per iods as s h o r t  as f o u r  hours 
conver ts  the  myocardium f rom ae rod ic  t o  anaerobic metabolism l e a d i n g  t o  u l t r a -  
s t r u c t u r a l  h e a r t  damage (12). 

Biomass-to-enerqy systems, by u t i l i z i n g  a revewable resource, can make an 
impor tan t  c o n t r i b u t i o n  t o  our  o v e r a l l  energy needs. However, insurance o f  env i ron -  
mental a c c e p t a b i l i t y  w i l l  r e q u i r e  c lose  a t t e n t i o n  t o  t h e  p o s s i b l e  impacts o f  
rap id ,  impuls ive,  and uncon t ro l l ed  implementation. 
dispersed, smal l -sca le environmental a l t e r a t i o n s  and t o  consider  l o c a l  e f f e c t s  as 
i n s i g n i f i c a n t  r e l a t i v e  t o  t h e  l a r g e  c e n t r a l i z e d  source. I m p l i c i t  i n  t h i s  accomo- 
d a t i o n  i s  t he  d o c t r i n e  t h a t  environmental d i l u t i o n  i s  e q u i v a l e n t  t o  environmental 
d i s s i p a t i o n .  But because a renewable technology i s  a lonq- term technoloqy, an 
i n -dep th  e v a l u a t i o n  w i l l  r e q u i r e  knowledge about l ow- leve l ,  l ong - te rm e f f e c t s .  
Un fo r tuna te l y ,  t h i s  i s  an area t h a t  we know l i t t l e  about. Thus, u n t i l  t h i s  
i n f o r m a t i o n  i s  a v a i l a b l e ,  i t  may be d i f f i c u l t  t o  assess long- term e f f e c t s  o f  
t h e  l a r g e  number o f  r e l a t i v e l y  smal l ,  d ispersed d is turbances t h a t  can a r i s e  f rom 
t h i s  broad-based techno1 ogy. 

I 
1 a t i o n  (PSD) r e g u l a t i o n s .  Present ly ,  o n l y  l a r g e  f a c i l i t i e s  such as i n d u s t r i a l  sources 

However, t h e  a l l owab le  d e t e r i o r a t i o n  
PSD 

Were a community o f  houses t o  conver t  t o  wood heat, under adverse me teo ro log i ca l  

I f  

A d d i t i o n a l l y ,  p r e l i m i n a r y  s tud ies  i n d i c a t e  the  p o t e n t i a l  

The l e v e l  o f  carbon monoxide downwind o f  t h e  sma l j  community i s  w i t h i n  t h e  
( 4 ) .  

Our h a b i t  has been t o  accomodate 
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