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Estimates are presented fo r  the  d i s t r ibu t ion  and quant i ty  of recent (1978- 
1979) use of r e s iden t i a l  firewood i n  t he  United States,  based on a correlatiorr of 
survey data from 64 New England counties. The avai lable  survey data from other  
s t a t e s  are i n  agreement with the re la t ionship derived from New England; no con- 
s t r a i n t s  due t o  wood supply a r e  apparent. This re la t ionship indicates  t h a t  the 
highest  density of wood usage ( ~ g / h a )  occurs in urban areas;  thus exacerbation of 
urban air qua l i ty  problems is a matter of some concern. The data presentation w e d  
here  gives an upper l i m i t  t o  t h i s  density of firewood usage which #ill allow 
r e a l i s t i c  estimates of air qua l i ty  impact t o  be made. 

I - - . -  - 

1. INTRODUCTION 

One of the r e s u l t s  of the o i l  embargo of 1974 and the subsequent steep price 
increases in petroleum and natural  gas has been the increasing use of a l t e rna t ive  
f u e l s  f o r  home heating. Wood is perhaps foremost among these, as evidenced by 
increasing sa l e s  of wood stoves and e f f i c i en t  f i replaces ,  now estimated a t  nearing 
a mil l ion un i t s  per year. 

Previous estimates of the extent of res ident ia l  firewood usage have tended to 
be varied and unreliable,  perhaps since the d i s t r ibu t ion  is non-uniform and scat- 
tered.  The Census Bureau's Annual Housing Survey [l] is limited t o  fuels used as 
the  primary heat source, whereas most firewood users re ly  on it as supplementary 
fuel .  The Department of Energy's S ta te  Energy Data Report [2] does not list wood 
a s  a r e s iden t i a l  fuel .  Other surveys have given only the number or  percentage of 
households using some wood, without providing data on the amount of usage. DOE'S 
Technology Assessment of Solar Energy Systems (TASE) f3]  was based on 0.1 quads of 
"wood stove" use i n  1975, growing t o  0.3 quads by the year 2000 i n  the high so l a r  
growth scenario. Fireplace use was not spec i f ica l ly  considered i n  TASE I 

EPA estimated about 0.3 quads of wood heating energy for  the  year 1976,141 and 
computed environmental impacts on the basis of e i t he r  a single,  i so la ted  source o r  
an agglomeration of 100 such sources is a dense array. Neither of these extremes 
w i l l  provide a r e a l i s t i c  estimate of ambient a i r  qual i ty  imtacts. 

Although wood smoke is generally regarded as benign by the public, concern has 
been expressed about the e f fec t s  on ambient a i r  qual i ty  resul t ing from wfdespread 
use of wood fuel .  In addition, there a r e  accident hazards involved i n  haroesting 
the wood. Data on the extent of firewood usage are  needed to  assess these e f fec t s ;  
i n  addit ion,  estimates of the s p a t i a l  density of wood use (cords/sq. mile o r  kg/h 

I\ are needed i n  order t o  assess air qr- -"--s impacts. 
r 
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2. CORRELATION OF WOOD USAGE SURVEY DATA 
m 

I n  recent years, a number %f HGncies have undertaken consumer surveys of t'hd 
' 

use of firewood fo r  space heating (Table 1).  Most of these have been a t  the s t a t e  
l e v e l ,  with occasional breakdown to  regions of a s t a t e .  The New England Fwlwood 
Survey, 151 however, provided county leve l  data f o r  64 New England counties f o r  
t he  1977-78 heating season. These survey data were used to  develop the following 
empir ical  equation: 

Cords used per household 
per l o4  degree days = 3.087 - 0.322 log  (population density) (1) 

t i o n  densi ty  expressed as persons per square mile.* Equation (1) w a s  
t o  a l l  counties i n  the conterminous United S ta t e s  t o  develop estimates 

sage, by multiplying by the number of households i n  the county (1970 cen- 
and the  30-year average heating degree days.** Figure 1 displays  the s p a t i a l  @* p t t e r n s  of usage throughout the country on the basis  of Air Quality Control 

Regions;? concentrations in northern urban areas a r e  apparent. The U.S. nat ional  
t o t a l  on t h i s  basis  w a s  34.7 x 106 cords per year ( i n  zhe 19774979 period) ot 
about 0.8 quad of energy (1 quad = l0 l5  Btu). This is about 10% of  space heating 
energy input ,  although the percentage of delivered heat will be substantZalZy less 
because of the  r e l a t i v e l y  lower thermal e f f ic ienc ies  of stoves and fireplaces.  
h i s  nat iona l  t o t a l  is subs tan t ia l ly  higher than previous estimates, 141 but some- 
what lower than a recent Gallup poll.[6] 

As a check on the v a l i d i t y  of t h i s  extrapolation of New England data to  the 
rest of the  country, state t o t a l s  were compared t o  the  ava i lab le  survey data from 
12 o the r  s t a t e s ,  18 i n  all. This comparison is given in Figure 2, and agre!emsnt is 
seen t o  be generally qu i t e  good (correla t ion coef f ic ien t  = 0.78), with the excep- 
t i o n  of th ree  ou t l i e r s .  Oregon uses subs tan t ia l ly  more wood than Eqo (1) would 'kg== pred ic t ;  t h i s  may have t o  do with the ready ava i l ab i l i t y  of waste from the logging A - , 

and f o r e s t  products industr ies .  Montana and Minnesota we less wood tbaP expected; 
no reasons a r e  readi ly  apparen t - t t  However, the e s sen t i a l  message from Figure 2 is 
t h a t  the  s t a t e s  surveyed use firewood i n  the same manner a s  New England; no supply 
cons t r a in t s  a r e  apparent a t  t h i s  l eve l  o t  usage. 

' *The data used t o  develop equation (1) could a l so  support a number of a l t e rna t e  
re la t ionsh ips ,  s ince  many other  a t t r i b u t e s  of New England counties are reasonably 
c o l l i n e a r  with population density. These may include percent urbanization, per- 
centage of land i n  fo re s t ,  r e t a i l  p r ice  of wood, and perhaps even family income. 
B u t  s ince the main purpose of t h i s  inquiry is t o  be able t o  r e a l i s t i c a l l y  
a i r  qua l i t y  problems, population density is the preferred parameter. 

**It is recognized that  use of 1970 data  for  the number and d i s t r i bu t ion  of house- 
holds and fo r  the  population density introduces e r ro r  when used i n  conjunction 
with 1977-9 survey data. The 1980 census indicates the ru ra l  non-farm population 
has grown i n  many areas,  of ten a t  the expense of urban areas.  However, given the 

'. ' nature of the saapling data being used hare, this error is not believed to be 
ser ious .  Similarly, the e r r o r  introduced through the use of 30 year average 
heat ing demands w i l l  tend t o  average out across the nation - 1978-9 w a s  colder 
than normal i n  some areas  and warmer than normal in  others,  f o r  example. The 
e r r o r  involved i n  basing f u e l  usage on degree-days referenced t o  65OF may be more 
important, since it is doubtful tha t  homeowners in climates where only occasiouaL 
space heating is required would make the fnvestmenr required f o r  wood heaang  
s y s  teas. 

: tThere a r e  238 A i r  Quality Control Regions i n  the conterminous U.S., designated by 
' t h e  U.S. Environmental Protection Agency f o r  the purpose of administering air 

pol lu t ion  regulations- They are  usually groups of counties, and vary cansiderab- 
ly i n  size and population. Figure 1 is based on aggregated county data,  i.e. 
t o t a l  cords burned i n  the county divided by t o t a l  land area. 

t tSurvey data  from Xis  with eq- (1): 0.8~1012 
Btu vs 0.87 x 1012 statewide survey i s  not!., ' 
reoresentative. P '  - -  .+ 



Table 1 
I .  

wood Energy sumeys 

Geog- no. of Other Infomtiun Gathered 
h n s e  Fktkd TyFe Level 

Date of of holds of 2- ~ubst ~ o o d  
Area -Y Data 

6 Fkw Fall  1979 Co. 5m wne x X Socio- &&& 77-78 
States 

ecOrtOmic 
data 

'JPtate FehWch 1979 Co. 2200 ~b x x X Soruces 
k w  Y O K ~  d of info- 

N3i.r~ Spring 1978 Co. 356 ~b x X education, 
. b 

Verrront Jan. 1978 State 519 w x  X X -S 

&=svb 
Georgia %mx, 1979 3 -  2055 ~b x X X 

of state 

Washingtun h r  1979-3an 80 . State 4030 Inter X X X w h p ~  
me- visa charac* 

da tlaho 
Mtana 

WA sensice i979 WA 85% mil x x m, 
territory . . d i s  inrrne ", 

tricts 

NJ Wash 1980 m 338 . * :  x I[ X 
state 

N. Carolina 1979 state (ad k estimate) X X 

Kansas 1979 5 Metro- 2374 phnze x .  X 
poum 
areas 

Wisctmsin 1974-80 %iw' 2232 m x  
Missouri 1979-83 Re* 2370 ~h x 
W r  1979-80 PPgion 398 x 

. =wP 
(ad trx s t h a t e )  California 19M State , . 

Virginia 1980 State (ad hoc estimate) 



.&.. . 
Many of the surveys provided demographic data  on wood f u e l  users,  which ' 

i n d i c a t e  t h a t  the use of wood f o r  space heat ing is  no longer concentrated among the  
r u r a l  poor." Even i n  a wood-scarce s t a t e  l i k e  Kansas, nearly 31% of households 'in 
t h e  f i v e  l a r g e s t  c i t i e s  burned some wood, [ 8 ]  a s  compared t o  33% i n  r u t a l  farm and 
r u r a l  suburban households i n  3 count ies  i n  ups ta te  New York, f o r  example.[9] 
C lea r ly ,  wood-burning has acquired an urban dimension. 

There i s  a l s o  i n t e r e s t  i n  p ro jec t ing  f u t u r e  usage of r e s i d e n t i a l  firewood and 
t o  do s o  r e q u i r e s  a t t e n t i o n  to  the  economics of wood use. Future use wil l  depend 
on supply f a c t o r s ,  i.e. t h e  a v a i l a b i l i t y  of wood, and demand f a c t o r s  which a r e  
d r i v e n  p r i n a r i l y  by the  p r i c e  d i f f e r e n t i a l  with respect  to  a l t e r n a t e  fuels .  Con- 
venience f a c t o r s  w i l l  a l s o  e n t e r .  The ex tan t  da ta  a r e  much too l imi ted  f o r  a real-  
i s t i c  exas ina t ion  of these  f a c t o r s ,  which vary g r e a t l y  among the  s t a t e s  shown in 
F igure  2. However, inspec t ion  of the  dev ia t ions  about t h e  1:1 l i n e  on F igure  2 
g i v e s  no c o n s i s t e n t  i n d i c a t i o n  t h a t  these f a c t o r s  are  playing an important r o l e  a t  
p resen t .  For example, t h e r e  a r e  s t a t e s  with predominantly o i l ,  gas, and electric 
h e a t i n g  grouped together  below t h e  l i n e .  Thus, there are no ind ica t ions  t h a t  wood 
is being used p r e f e r e n t i a l l y  t o  d i sp lace  a p a r t i c u l a r  conventional fuel .  And a l l  
t h r e e  n u t l i e r  s t a t e s ,  on -.,,> both ......... s i d e s  of the  l i n e ,  have p l e n t i f u l  wood supp l ies  It 
appears t h a t  development of a t rend-forecast ing m6del w i l l  require more and better 

. . .  q u a l i t y  da ta .  
. ., .., . 

. . . . 

3. NATIONAL AIR POLLUTION EMISSIONS ESTIMATES 
. . 

The emissions per unit of wood hurned vary widely, depending on the  types  of 
equipment used, d r a f t  s e t t i n g ,  type and dryness of wood, etc. Typical  raages were. . .  

g i v e n  i n  Reference 1 0  which have been reproduced i n  Table 2. These values  were . . 

t h e n  mul t ip led  by the  est imated n a t i o n a l  t o t a l  firewood use (34.7 x 106 cords ) -  I n  . 

o r d e r  t o  compare t o  n a t i o n a l  emissions t o t a l s  from a l l  sources,  d a t a  from Refer- 
! ences  11 and 12 were consulted.  I n '  both cases,  the values used f o r  r e s i d e n t i a l  . . . 

wood were much lower than t h e  present  ana lys i s  ind ica tes ,  and the re fo re  t h e  
n a t i o n a l  t o t a l s  from a l l  sources were revised t o  r e f l e c t  the  new estimates f o r  . . 

. . . .  r e s i d e n t i a l  firewood. 
. . . . 
. . . . 

As shown i n  Table 2, firewood cmissiorm dominate f o r  phenols, aceric acid ,  
aceta ldehyde,  and POM's (us ing the  upper range of est imates);  firewood emissions . . 

are important f o r  formaldehyde , p a r t i c u l a t e s ,  and carbon monoxide; and unimportant . , 

f o r  v o l a t i l e  hydrocarbons, s u l f u r  oxides, and ni t rogen oxides. Obviously, oa a " 

l o c a l  s c a l e  t h e r e .  w i l l  be exceptions t o  these  f indings.  

4. A I R  QUALITY IMPACTS 

From an air q u a l i t y  impact point  of view, ttie imporranc pa~aurctcr  43 the 
d e n s i t y  of usage, so t h a t  a i r  po l lu tan t  emissions may be estimated per u n i t  a rea  
f o r  use with an atmospheric d ispers ion model. E q .  ( 1 )  may be d i f f e r e n t i a t e d  with 
respec t  t o  populat ion dens i cy  t o  d i sp lay  rhe str~rsit ivity of ucaqo d z a s i t y  t o  

. . .  . i... .... - . 
..... . . . '. ... 

. . .  a .  

. . .  

"The assumption t h a t  only ' t h e  r u r a l  population bums wood was shown in the  New York 
S t a t e  e s t ima tes  (Ref. lo ) ,  i n  which the urban/suburban population was t o t a l l y  . ' 

neglected .  The c o r r e l a t i o n  with poverty was shown i n  a f a c t o r  ana lys i s  of 1970 
cens,us d a t a  f o r  Standard Metropolitan S t a t i s t i c a l  Areas (SXSA), "% of populat ion 
t h a t  is non-white," " X  of population with family incomes below the poverty leve," 

, . 
and " X  of households using wood heat  x annual degree-days" were associa ted .  The . . .  . -  . .- . 

.... 
wood heat ing va r iab le  was a l s o  associa ted  negatively with SXSA population densi ty.  . . 

. . , .'+ . 
. , - .  - . . . .  . .  . . . . . . . . . . .  .... . . . . . .  . . .  . . . . .  
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- Table 2 
National  ~ i r  Po l lu t ion  Emission Burdens 

National* 
t o t a l  from t o t a l ,  

r e s i d e n t i a l  a l l  
wood sources  X of 

g /kg lb /cord  lo6 tons (1978) t o t a l  

p a r t i c u l a t e  2-15 8-60 0.14-1.04 11.2 1.2-9-3 
Carbon monoxide 60-130 240-520 4.16-9.02 109 3-7-8.2 
Hydrocarbons 

(assumed t o  be 
v o l a t i l e )  2-9 8-40 0.14-0 -71 28.0 0-4-3.5 

sox 0.2 0 8 0.014 26 -7 0.05 
NO, 2 8 0.14 25 -0 0.5 6 
Formaldehyde 1.6 6 -4  0.11 0.32 34 
Acetaldehyde 0. 7 3 0.05 0.058 86. 
Phenols 1 4 0 07 0.0705 99.0 
Acet ic  a c i d  6.4 26 0 45 0-478 94 -0 
Polycycl ic  

organic  mat ter  5x10-~ - 0.2 2x10'~ -0.8 35-13,900" 76000-21400** 0-5-65 

*Including r e s i d e n t i a l  wood from t h i s  ana lys i s -  
**Figures a r e  i n  tons. 

Table 3 
Estimates of Wood Use i n  t h e  

15 Highest Usage-Density Counties 

County Cords Cords Cords - 
Major City and S t a t e  Name Year Household Sq- Mile 

Milwaukee, WI Milwaukee 99475. -2845 419.7 
St. Paul,  MN Ramsey 62785. ,4090 405.1 
Denver, CO Denver 33979. -1754 357 -7 
Chicago, IL Cook 339826. -1834 356 2 
D e t r o i t ,  MI Wayne 208596 -2398 344.8 
Cleveland, 08 Cuyahoga 155095. .2686 340.1 
Ninneapolis,  biN Hennepin 180950. .5655 319.1 
El izabe th ,  NJ Union 28727 -1648 278.9 
Newark, NJ Essex 35937. -1153 276-4 
S t a t e n  I s l and ,  NY Richmond 15214. -1704 262.3 
(suburban NY City)  Nassau 73554. .I805 254.5 
Pa t t e r son ,  NJ Bergen 59068. . .2083 252.4 
Indianapol is ,  IN Marion 95392. -3548 243.3 
Pi t t sburgh ,  PA Allegheny 171139. -3210 235.1 
(suburban Phi ladelphia)  Delaware 43240. -2345 235 .O 



popula t ion  d e n s i t y ,  a s  shown i n  Figure 3.*  Wood usage d e n s i t y  peaks a t  a 
popula t ion  d e n s i t y  of about 5360 persons per square mile (2.5 houses per acre or - 
about  4% wood use r s ) .  Populat ion exposure ( t h e  product of populat ion t i m e s  air 
p o l l u t i o n )  would peak a t  an even higher dens i ty ,  about 8800 persons per square 
mile.  These a r e  urban populat ion d e n s i t i e s ,  and Table 3, l i s t i n g  the  15 h ighes t  
usage d e n s i t y  coun t i e s ,  inc ludes  major c i t i e s  i n  t h e  Northern United States.  

This  emphasis on urban firewood usage is a d i r e c t  r e s u l t  of the  r eg ress ion  
a n a l y s i s  l ead ing  t o  Eq (I), which is not very s e n s i t i v e  t o  low values  of co rds  per 
household. Small changes i n  the  c o e f f i c i e n t s  of Eq (1) can r e s u l t  i n  r e l a t i v e l y  
l a r g e r  changes i n  wood usage, s ince  the cords per  household f i g u r e s  f o r  urban areas  
are m u l t i p l i e d  by such l a r g e  populat ion bases. 

F igure  3 i n d i c a t e s  an upper l i m i t  to  the dens i ty  of firewood use  and thus t o  
t h e  r e s u l t i n g  air p o l l u t i o n  emission dens i ty .  This  is an important f inding,  since. 
it w i l l  a l low r e a l i s t i c  s imula t ion  of the  r e s u l t i n g  air q u a l i t y  impact through the  
u s e  o f  convent ional  d i spe r s ion  models. Previous assessments 151 have employed 
h y p o t h e t i c a l  s i t u a t i o n s ,  which can be q u i t e  misleading. 

The air  quality impacts of these  f ind ings  a r e  c u r r e n t l y  being inves t iga ted-  
It appears t h a t  emissions of p a r t i c u l a t e  matter  from wood burning i n  Not them 
c i t ies  may now comprise t h e  major por t ion  of a l l  space hea t ing  p a r t i c u l a t e  
emissions.** 
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Figure I. Fire Wood Usage Density 
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Figure 2. State Level Wood Use Correlation 
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