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ABSTRACT

The USDA Forest Service is preparing long-term
projections of wood energy use as part of an assessment of
demand for and Supply of resources from forest and
rangel ands in The United States to be published in 1989.
To assess the |npact of wood energy demand on tinber
resources, two systens dynanics sinulation nodels are used
to project residential and industrial/comercial fuelwod
use from several fuelwod sources: stickwood, whole tree

chips, logging residue, and mll residue

The projections are driven by a projected increasing
cost advantage of wood fuels over fossil fuels. There are
nunmer ous assunptions that other conditions will change
relatively little over the projection period. Fuel wood use
is projected to increase from 1.3 quadrillion Btu' s (quad)

or 5.2 billion cubic feet (BCF) in 1986, to 2.2 quad or 8.8
BCF by 2020, then decline to just under 2 quad or 7.8 BCF
by 2040. If we add a nodel ate anount of black pul ping
liquor use, our total wood energy use would be less in 2010
than the DOE projected anmbunt of 3.7 quad. Resi dent i al

fuel wod will dominate consunption and is projected to
i ncrease 64% between 1986 and 2020. Much of this increase
is due to a 50% i ncrease in nunber of househol ds. Use of

chips and logging residue for industrial/ comercial fuel
is projected to grow by a factor of 3 to 4 between 1986 and
2020 because nill residue is now fully utilized

Fuel wood use (excluding bark) is projected to increase
from 27% of roundwood harvested in 1986 to 29% in 2020,
then decline to 25% in 2040. Fuel wood will likely becone
a relatively permanent part of the forest products economny
and this nmay have inportant inplications for forest
managenent in the long term



CURRENT AND PRQIECTED WOOD ENERGY CONSUMPTI ON
IN THE UNI TED STATES

| NTRODUCTI ON

The Forest Service of the U S. Department of
Agriculture is directed under requirenments of the Renewabl e
Resources Planning Act of 1974 and the Renewabl e Resources
Research Act of 1978 to nmke periodic assessments of the
current and |ong-range demand for and supply of renewable
resources from forest and rangelands in the United States.
The Forest Service is preparing such an assessment with
projections to 2040 to be published in 1989. The
assessment of tinmber resource demand and supply has been
prepared in draft form (13). This paper discusses one part
of this assessment of the tinber situation--the analysis of
the demand for and supply of tinber for energy.

Since 1980, faculty and staff at Dartrmouth College
have worked with the Forest Service to prepare |ong-range
proj ection nodels of wood energy use, first for residential
wood burning, and second, for industrial/comercial wood
energy use. To project the demand for tinber resources for
fuel we must assess how economically many fornms of wood
energy may substitute for conventional fuels as used by
many end users. The two nodels discussed in this paper,

CH PS and WOODSTOV, project how nuch of several types of
wood energy will be used by 1) househol ds,

2) pul p/ paper/ paperboard mlls, 3) solid wood products
mlls, 4) large non-forest-products boilers, and 5) snall
non-forest-products boilers in response to the projected
cost advantage of wood relative to oil, natural gas,
electricity, and coal

Wod for energy can cone from nmany sources. It iSO
consi derable interest in an assessment of tinber demand to
sort out wood energy supply sources because many sources
are not used for sawl ogs, veneer |ogs, or pul pwood. Wod
energy supply sources used in this paper include

Roundwood, in the form of

Stickwood (primarily residential use)

Chi ps (made by whole tree harvesting and chi pping)
Logging residue (primarily industrial/comercial use)

M1l residue, wood and bark

Bl ack pul ping |iquor

Fuel wood as used in this paper is defined to include
both roundwood and mill residue. Currently, fuelwod used
by households is alnpost entirely roundwood and fuel wood
used by the industrial/comercial sector is nostly ml
resi due.

W exclude 1) waste wood products such as pallets,
di scarded furniture, and denolition waste, 2) wood used to
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make liquid fuels, and 3) trees grown by short rotation
intensive culture (SRIC). The first source was considered
smal | conmpared to other wood energy sources, and the second
and third face high economc uncertainty relative to other
sour ces. If liquefaction processes or SRIC can produce
wood for energy at a price conpetitive with other wood
energy sources, they may displace or add to wood energy
sources discussed in this paper.

Roundwood, which by definition cones directly from
timber, is further subdivided into the categories
traditionally used to assess tinber supply: first, by
har dwood and softwood species; second, by land
source--tinberland, woodl and, and nonforest |and; and
third, (on tinmberland only) by type of tinber
vol ume-- growi ng stock and other. Tinberland produces
growi ng stock growth of 20 cubic feet per acre per year,;
woodl and produces | ess. For simplicity we divide roundwood
into four categories:

G owi ng stock vol une
Har dwood
Sof t wood
O her sources
Har dwood
Sof t wood

In 1986 about 90% of saw ogs, veneer |ogs, and
pul pwood cane from grow ng stock volume: only about 26% of
stickwood used for residential wood burning cane from
grow ng stock vol une.

This paper is divided into sections discussing
historical trends in wood energy use, present wood energy
use patterns, nethods used to project wood energy use to
2040, and projections of use.

H STORI CAL BACKGROUND

Wodf uel was the mmjor energy source of Native
Anericans as well as early colonists over nost of North
Areri ca. The availability of wood and its ease of use in
agricultural and sinple industrial activities made it an
ideal fuel for a nobile and rapidly changing frontier
soci ety. The abundance of wood assured its dom nant role
in the early industrialization in North America through
nmuch of the 19th century even while coal had grown nore
i nportant in Europe. I'n 1850, wood was the l|argest single
energy source in the United States, and nore wood was used
for fuel than for any other purpose. Although coal use
grew rapidly in the |ater 1800s, wood use continued to grow
to a peak in the 1870s when it provided slightly less than
3 quad of energy or about 11 BCF (Figure 1) (10). The
fuel wood used through the md 1900s was al nost entirely
from roundwood. Rel atively small amunts of mll residue
may al so have been used. After 1870, the total amunt of
roundwood used for fuel in the United States declined

231



steadily to a low in early 1970s. The Forest Service
estimates a low of about 0.5 BCF in 1972 or 0.1 quad (12).
The U S. Departnment of Energy (DOE) estimates a |ow of

about 22 million OD tons in 1972 or 0.4 quad (14). DOE
estimates that by 1984 roundwood use by househol ds al one
increased to 3.9 BCF or 0.78 quad (15). | ndustry and
comercial establishments burned an additional snall amount
of roundwood. Total roundwood use has since decreased with
the decline in fossil fuel prices.

Whi |l e roundwood use decreased in the 1950s, ’'60s and

“70s, industry increased its use of mll residue and bl ack
pul ping liquor for fuel. so total wood energy use
(roundwood, nmill residue, and black liquor) may not have

dropped |ower than 1.4 quad (Figure 1). M1l residue use
increased as forest products industries produced additional
residue, and nore stringent environmental regul ations
restricted open burning, incineration, and |andfil

di sposal of wood residue. More restrictive water pollution
regul ations increased the incentives to fully use black

pul ping liquor for fuel.

From 1974 to 1985, rapid increases in oil prices
stimul ated increases in wood energy use in several sectors
of the econony. By 1986 DCE estimates total wood energy
use had risen to 2.52 quads. High oil prices, conbined
with further pressure from environnental regulations, has
created a situation in the forest products industries where
nost surplus wood residue is now being used for energy and
i ncreased quantities of wood are harvested as fuel for both
industrial and residential sectors. Substantial
i mprovenments in energy efficiency have been nade in nost
sectors that use wood so that the effective energy yield
fromthe wood is greater now than in the past.

The use of wood for energy has expanded beyond the
forest products industries and the residential sector to
i nclude commercial and institutional use, industrial steam
production, electric cogeneration, and electric utility
power producti on. Research and devel opnent work was in
progress in both the public and private sectors to
comercialize wood gasification, nethanol and ethanol
production, and synthetic petroleum fuels production
However, the fall in oil prices since 1985 has
significantly reduced comercial interest in nmuch of this
wor k al t hough consi derabl e technical progress has been nade
in nost areas.

PRESENT WOOD ENERGY USE PATTERNS

The nost detailed information about wood energy supply
in 1986 conmes fromthe U S. Forest Service and the Anerican

Paper Institute, and the nobst detailed information about
demand cones from DCE.

On the supply side, an estimated 3.11 BCF of roundwood
was used primarily by residential households in stoves,
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furnaces and fireplaces (Table 1). An estimated 2.06 BCF
of mll residue (wood and bark) was used primarily in

i ndustrial/conmmercial boilers. These anmounts tota

5.17 BCF of wood and bark. Additional amounts were burned
in the formof mll residue from secondary processing

pl ants and waste wood products. No estimates are avail able
on these anounts, but they are significantly less than the
anmount from primary mll residue. The total of the

avail able supply estimates for 1986 is 5.17 BCF or about
1.3 quad. If we add 0.90 quad of black pulping |iquor used
for fuel (2), partial total wood energy from supply side
information sources is 2.2 quad. This is a partial tota
because it does not contain an estimate of secondary mil
resi due or waste wood products used for fuel

On the demand side, DOE surveys and estinmates for
industries, comercial facilities and utilities show a
consunption of 2.52 quad in 1986. If we deduct 0.9 quad
for black liquor, this leaves 1.62 quad or 6.5 BCF in the
form of roundwood and mill residues (wod and bark). The
di fference between supply and denmand side estinmates of
roundwood plus mill residue use (5.2 BCF and 6.5 13CF) is
due in part to the lack of information about use of
secondary mll residue and waste wood products. Thi s
difference is also likely to be due to use of different
conversion factors and differences in survey and estimation
procedures.

To assess the inmpact of fuelwood use on tinber
resources, roundwood use in 1986 nust be subdivided by
timber source: growing stock and other sources. O the
5.16 BCF of fuelwood, only 16% or 0.81 BCF came from
growi ng stock (Table 1). So, relatively little fuelwood
currently comes from the same supply category as nost
sawl ogs, veneer |ogs, and pul pwood.

METHODS USED TO PRQIECT WOOD ENERGY USE TO 2040

Wod energy demand and supply have been projected
through the year 2040 with the use of a formal conputer
simul ati on nodeling procedure, which has two parts
corresponding to the industrial/comercial and residential
sectors. These two sectors are very different in many
respects, and in consequence, the nodels are also quite
different, although they share sone common
characteristics. CH PS and WOODSTOV 111 are both
simulation nodels witten in DYNAMO and originally
conceptualized by people in the same research group.

The residential wood use nodel (WOODSTOV I11) is a
demand nodel that estimates residential woodfuel demand
given a set of input paraneters. It does not keep an
inventory of available wood resources or estimte fuelwood
prices, but uses the price and supply information from the
I ndustrial wood energy nodel (CHIPS). CHPS is both a
supply and a demand nodel, which keeps an inventory of wood
fuel s available through its forest inventory sector. CHPS
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Figure 1. Historical and projected wood energy use.
Sources: Refs. 10, 14, 17.
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Table 1. Wod energy use estimates by the USDA Forest Service and U S. DCE for 1986

Species Timber Source
Type of materfal Total
Hardwood Softwoood Growing stock Other
R R e LR R Rl DD hillicn cublc feet----- Neecccmcccconcnna
USDA Forest Service
a
Roundwood 3.11 2.56 .55 .81 2.30
a
Mill residue
Primary processing 2.06 .50 1.56 NA NA
Subtotal ({acr) 5.17 3.08 2.11 81 2.30
b
Secondary processing ? ? ? NA NA
b
Waste wood products ? ? ? NA NA
------------------------ quadrillion Blu----cceevccmacnmanooo
a
Subtotal {quad) 1.29
c
Black liquor 0.90
Total (quad) 2.19 (escludes mill resfidue from secondary processing

and waste wood producte)

4
USDOE Estimates

Residenttal 0.85% {(3.41 BCF)
Commercial 0.02 ( .03 BCF)
Utilities 0.01 ( .04 BCF)
Induatrial 1.64 (2.96 BCF plus 0.9 quad of black liquor)
Total (Quad) 2.52 {6.49 8CF plus 0.9 quad of black liquor)

NA - Not applicable.

a
Roundwood and primary aill residue estimates (wood and bark) are from Ref. 13,
Tables 3,30 and 3.31. One quad equals 4 billion cubic feet.

b

Amcunt burned from secondary mill residue was less than primary eill residue but no
estimates are available. Waste wood products include discarded products such as pallets
and furniture and demolition wastes.

c
Source: Ref. 2,

d
Source: Ref. 17, Table B-1 & B-2. Estimate for Residentisl use is from Ref. 16,

29
(99}
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provides estimates of fuelwod prices to WODSTOV and
receives estimtes of residential fuelwod demand from
WOCDSTOV. Both the demand and supply side of the CH PS
nodel are affected by the consunption of wood in the forest
products industries, and CH PS therefore exchanges
information with the U S. Forest Service forest Sector
projection nodel, the Tinber Assessnent Market Mdel (TAMV
(1,5). TAMM i ncorporates estinmates from other specialized
nodel s that project pulp and paper production, |unber and
panel production, tinber required to produce these products
and resultant tinmber inventory. The interactions anong the
nodels is shown in Figure 2

Both the CH PS and WOODSTOV nodels are regionally
di saggregated because of the strong regional differences in
wood energy use patterns. Transporting wood fuel for |ong
di stances is not econom cal because of its |ow energy to
wei ght ratio. Consequently, relatively local narkets have
devel oped. The results of the nodeling are shown in this
paper as national totals ancl totals for three regions-
North, South, and West (Figure 3). The nodel regions (five
in CHPS and nine in WOODSTQOV) have been aggregated to
produce results for each of the three U S. regions.
Verification of the two nodels is conducted independently
agai nst separate data sets but both use consistent
assunptions about future prices of conventional fuels.

The Industrial Fuelwod Projection Mdel (CH PS)

Structure of the Model. The industrial/commercial
fuelwood projection model (CHIPS) is a systems dynamics
simulation model written in DYNAMO and run on a mainframe
computer as five independent regional models with identical
structures. The results of the five regional models are
aggregated to produce the projections for the North, South,

and West regions and the national projections. The North
region is aggreyated from the North-Central and
Northeastern regional models. The West region is
aggregated from the Pacific Northwest and Rocky Mountain
regional models; the South region is identical to the South

regional model.

The structure of each regional npdel is basically the
nodel structure described by Van We (18). The npdel is a
system of levels and rates controlled by a set of economc
deci si on-maki ng functions that simulate the behavior of
numer ous energy-using conpanies and fuel wood suppliers.

The nodel has two nmain parts: an industrial boiler fuel
sel ection subnodel and a fuelwood/mll-residue supply
submodel (Figure 4). The two subnodel s are connected by
four variables:

1. Average prices paid by forest product industries for
specific categories of fuelwod

2. Average prices paid by non-forest-products
industries for specific categories of fuelwod

3. Total industrial fuelwod demanded by various users
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4, Total fuelwood supplied from various sources

The boiler selection subnmodel is derived from a nodel
known as WOODBLR3 (4). The boiler subnobdel has four
sectors corresponding to the four major industrial sectors
usi ng wood energy. These are 1) pulp and paper, 2) |unber
and wood products, 3) large nonforest industries, and
4) small nonforest industries. Roundwood and mill residue
demand for fuel is tracked separately for each sector for
each region. In the case of the pulp and paper industry,
the contribution of black liquor is subtracted from the
demand for total energy. In each sector, the sane nethod
is used in the nodel to allocate industrial. boiler
i nvestnents anmong four boiler types: wood-fired,
coal -fired, gas-fired, and oil-fired. The nodel sinmul ates
three specific rationales for boiler investnments: 1) to
nmeet new capacity requirenments, 2) to replace old
boilers,and 3) to switch from one fuel type to another.

New capacity and replacenent capacity investnents are
all ocated anpbng the four boiler types by a logit function
based on an adjusted lifecycle cost for each boiler
system The determinants of the adjusted |ifecycle costs
are 1) the actual lifecycle cost of building and operating
each boiler system 2) the perceived security of each fuel
supply, and 3) the awareness of and confidence in wood
bi ol er technol ogy. Specifically, the actual lifecycle cost
of each boiler type wll be adjusted upward if there is a
perceived insecurity in the fuel supply as indicated by an
unsteady or unpredictable fuel price. Thus, CHPS
simulates the inplied risk of an insecure fuel supply as an
addition to the lifecycle cost of a boiler system In
addition, the lifecycle cost of a wood-fired boiler system
is adjusted upward to reflect the | ow awareness of and
confidence in wood boiler technology, especially anpng the
non-forest-product industries. As wood boiler technol ogy
achieves greater levels of penetration into the industrial
energy market, awareness and confidence grow, increasing
the conpetitiveness of wood energy.

The decision to switch boiler fuels is based on the
cal cul ated payback period of the proposed installation
relative to the alternative. Again, fuel supply securities
and wood technol ogy awareness can weigh in the
deci si on-maki ng process, reducing the extent to which fuel
switching occurs even when the payback period is short.

The nodel addresses an inportant concern: that we
prevent an unrealistic demand for wood fuel from plants
| ocated a long distance from wood supplies. To control
fuel wood use in forest products plants, the nodel relies on
wood prices to limt demand. W assume such plants are
near wood sources. To control fuelwood use in
non-forest-products plants, we rely on 1) wood price, which
is adjusted upward to account for their higher cost for
wood, due in part to higher transport costs, and 2) an
upper limt on the proportion of non-forest-products boiler
capacity that is likely to be near wood resources and woul d
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have realistically low transport costs. As a result of
these controls, wood energy does not account for nore than
1% of energy consuned by non-forest-products plants in our
projections and non-forest-products plants account for no
nore than 3.6% of all wood boiler capacity.

Demand for nonfuel tinber products is exogenous but is
included in the inventory and price structure of the CH PS
nodel so that fuelwood demand and the demand for other
products are |inked.

The demand for industrial fuelwood estimted by the
boil er selection subnmodel is met from a fuelwood inventory
that is tracked by the fuelwod supply subnodel. The
supply submodel accounts for five different fuelwood types
within the industrial wood energy market: hardwood chiEs;
sof twood chi ps; logging residue; mll residue; and bark.

A logit function is used to distribute fuel wod based on
the price of each conponent of fuelwod supply. An

I nportant assumption within the pricing sector of CHPS is
that prices will be set to favor the use of waste wood and
residues, since these conmponents have little value outside
the wood energy market. Thus, the price of chips, the
costliest conmponent of fuelwood supply, places a practical
upper limt on the price of the residual and waste
components of fuel wod supply.

Assumptions and Limitations. The CHIPS model makes a
number of important assumptions about the way in which wood
energy use will evolve. The first of these is that
decisions about fuel choices will be made in a free market
by economically rational decision makers. No provision has
been made for government intervention in the markets beyond
the implementation of existing environmental regulations.
Clearly, direct or indirect government intervention could
significantly alter the attractiveness of specific fuels,
as has occurred in the past. During the next 50 years,
some changes in environmental regulations will most likely
occur. Although the details of these are hard to predict,
it seems unlikely, in view of the potential problems
associated with the greenhouse effect and acid deposition,
new regulations may be relatively more favorable to wood
than to fossil fuels. This could have the effect of
improving the competitivenes of wood fuels in the
industrial sector. The case for the residential sector may
be different, given the differences in conversion

technologies.

The second assunption is that the supplies of fuelwood
will be limted to categories described above. No
al | ownance has been made for the possibility of the
devel opnment of plantations of fast-growing wood or the
significant recovery of waste wood products, such as
dermolition debris or waste pallets.

The third assunption is that wood energy conversion

technology will remain relatively static through 2040. W
assume that conbustion technologies will remain dom nant
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and that liquid fuel production from wood will not be
significant.

The CHI PS nodel is quite well suited to eval uating
alternative scenarios that mght include changes in any of
the assunptions descri bed above. Earlier versions of the
nodel have been used to evaluate sone of these issues (3).
In general, the nodel should be considered as a long-term
trend analysis tool and not as a predictor of short-term
mar ket fluctuations.

External |nputs. The CH PS nodel has a number of
i nportant external inputs. These fall into two categories:
inputs related to forest products and fuel price
i nformati on. Projections of future consunption of pulp,
tinber, and residential fuelwood are received from the TAW
and WOODSTOV nodels. The pulp and tinber consunption
estimates received from TAMM are used for both subnodels in
CHI PS. The demand for pulp and tinber affects the dermand
for energy in pulp, lunmber and other wood products
industries, which in turn affects the demand for fuel wood.
Pul p and tinber production also increase the supply of
logging and mill residues and reduce the forest inventory
of tinber. CH PS al so uses and is very sensitive to the
projected future price of conpeting fuels. Fuel price
projections taken from DOE are used as one of the key
exogenous variables in the nodel. The DCE industrial fue
price projections that were used in the nodel are shown in
Fi gure 5.

Model Verification. The CHPS nodel is initialized
with 1970 data and sinulates the system from 1970 to 2040.
The nodel has been calibrated and validated on a linmted
set of variables for the period 1975 to 1985. Sever al
difficulties are associated with validating this nodel
The nost inportant is the dearth of continuous sets of
hi storical records of wood energy use by fuel wood type and
i ndustrial sector. The nost inportant record agai nst which
the nodel can be validated is the American Paper Institute
(APl') records of wood energy use anmpong their nenber
conpanies. This represents over 90% of the energy demand
in the pulp industry in the United States. The results of
the CHI P nodel sinulations are shown plotted against the
APl record of wood energy use (excluding black Iiquor) for
the period of 1975 to 1985 in Figure 6. As can be seen
there is relatively good agreenent between the node
proj ections and reported data. Because the structure used
for projecting woodfuel use in the other sectors is
relatively sinmlar to that used for pulp and paper, we may
have some confidence in the other sectors also. However,
in projecting asfar into the future as 2040 we cannot be
confident that the paraneters established on the basis of
the period 1975 to 1985 will hold for over 50 years. In
general, the reliability of projections wll decline
further into the future and as the nodel deals with smaller
supply and denand sectors. Because we have been able to
verify the behavior of the mpdel against real world data
over a period of 10 years for the pulp and paper industry,
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we have the nmpst confidence in the results for that
sector. The total industrial consunption estinmates from
the nodel have been checked agai nst estinmates made by DOE
(17). After allowance is nmade for the treatment of black
liquor, the nodel sinulations and the DCE estimates
generally agree for the 1980-1986 period, given the

di fferences between the DCE and USFS estimates. This
suggests that the nodel is reasol ~ably representing the
aggregate behavior of the nonpulp industries as well.
Specific checks have been made of other paraneters in the
nodel agai nst known data points or estinates made during
the last 10 years. Paranmeters checked include bionmass
inventories, production of |ogging residues, use of ml
residue for fuel and wood prices. After allowances for
definitional differences there is broad agreement in both
magni t udes and trends.

Sensitivity testing has been conducted on numerous
paraneters over nany iterations of the npdel, and severa
changes have been made to nake the nodel nore robust in
certain areas. Not surprisingly, the nodel is very
sensitive to the price of competing fuels. Because
fuelwood is a very small part (about 2% of the nationa
energy picture, wood enelgy use is strongly influenced by
national energy trends but itself exerts relatively little
i nfl uence on those trends. The results presented here only
show projections based on one set of fuel price projections
(Figure 5); but several other fuel price forecasts have
been tested, and in nearly all cases, the general trend of
fuel wood consunption follows the trend in real oil prices.
The nodel is also sensitive in some sectors to changes In
demand for other forest products. As described above,

i ncreased production of pulp or tinber affects both the
demand and supply side of the nodel, which makes the

i ndustrial fuelwod nodel quite sensitive to the results of
the TAMM nodel . Overall, the CH PS nodel is npbst sensitive
to these exogenous variables, which is consistent with the
situation in which fuelwod plays a relatively snmall part
in two large national markets: the energy market and the
forest products market.

The Residential Fuel wood Projection Mdel (WODST

~ Structure of the Mdel. The residential fuelwood
projection nodel is a systens dynamcs simulation witten
in Dynamo and run on a mainframe computer. It has nine

i ndependent regional models with identical structures. The
projections for the North, South, and Wst regi ons shown
here are aggregated as follows. The North region is
aggregated from the North-Central, Md-Atlantic and New

Engl and nodel regions. The South region is aggregated from
the Sout heast and South-Central nodel regions. The Wst is
aggregated from the Pacific Northwest, Southern Rocky
Mountain, and Northern Rocky Muntain nodel regions.

The structure of the nodel was devel oped by Marshal
and others (6,7,8). The nodel is a system of |evels and
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rates controlled by a set of econonmic decision-nmnaking
functions that sinulate the behavior of househol ds. The
nodel has two main parts simulating wood use in stoves and
wood use in fireplaces (Figures 7 and 8).

The subnodel that estimtes wood use in stoves and
furnaces (hereafter referred to as stoves) divides occupied
housing units (equivalent to the nunber of households) into
three types: single famly, multifam |y and nobile hones.
Each of these types is further subdivided into househol ds
using oil, natural gas, or electricity as a prinmary fuel
or a backup fuel for wood.

Wod use in stoves is calculated separately for each
of these nine categories of households in each region. The
amount of wood used in each category is the product of the
anount of fuelwod use capacity installed (stove or
furnace) and the proportion of capacity used (Figure 7).
The fuel wood use capacity is the product of the nunber of
househol ds with capacity and the average capacity in a
hone. Capacity is nodified in each successive period by
1) equipnent installation in new housing (determ ned by
fuel cost savings if wood is used rather than the
conventional fuel alternative), 2) retrofits to instal
wood- burning capacity (determ ned by the payback period for
new wood- burning equi pnent), and 3) retirenent of old
equi prrent (i nfluenced by wood fuel cost savings). The
proFortion of capacity actually used is determ ned by the
fuel cost saving if wood is used rather than the
conventional alternative.

A nurmber of inportant adjustments are nmade in
cal culating capacity additions and renovals, and capacity
utilization. First, stove capacity installations in new
honmes are influenced by installation costs that vary by
housing type and 1) increase as the fraction of househol ds
with stoves Increases and 2) increase as wood heat provides
a greater fraction of heating needs in the average
wood- heati ng hone. Second, cost of fuelwood is increased
as the proportion of wood-burning househol ds increases.
This is to reflect the fact that |late adopters tend to be
househol ds that 1) have | ess access to wood they can cut
themsel ves and therefore nust purchase or 2) live further
from wood sources and nust purchase wood, which includes
hi gher transport costs. Third, wood fuel cost savings are
i nfluenced by the fact that a given anount of heat provided
by a wood stove will displace a greater quantity of
conventional fuel than the same amount of heat provided by
a central furnace. In other words, when a wood stove is
used, fewer roons are heated. Thi s behavi or increases wood
fuel cost savings conpared to fuels burned in furnaces.

Wod use in fireplaces is calculated in a sinpler way
than wood use in stoves. Wod use in fireplaces is the
product of the nunmber of househol ds using fireplaces and
the average amount of wood used per household (Figure 8).
The number of househol ds using fireplaces is influenced by
stove fuel cost savings. Fuel cost savings for stove use
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is taken as a proxy for the perceived desirability of using
firepl aces. The average anmount burned is influenced by
fuel wood price.

Assumptions and Limitations. The WOODSTOV model makes
a number of assumptions about the behavior of households,
regulations, conversion efficiency, and housing

characteristics.

First, it is assuned that househol ds nmeke deci sions
about fuel choices based on perceived econom c benefit.
The ecolnmmic benefit for early adopters includes access to
relatively inexpensive wood supplies that they purchase or
cut thensel ves. It is assuned the net econom c benefit for
| ate adopters is reduced because they nust pay nore for
wood supplies they purchase or cut thenselves. The node
assumes wood users place a cost on the extra effort
required to use wood. This extra effort is assumed to
increase for |ate adopters but does not increase generally
over the projection period.

Second, in our base case projections, the effect of
regul ati ons on wood-burning equipnment and use is assuned to
be minimal. W discuss a test of this assunption in the

nodel verification section bel ow

Third, it is assuned that the conversion efficiency

for conventional fuels and fuelwood will inprove through
2000, but the average wood fuel conversion efficiency wll
remai n somewhat |ess than for conventional fuel. After

2000 conversion efficiencies for all fuels are assuned to
remami n constant.

Fourth, it is assuned that the m x of housing types
and conventional fuels used in various regions will remain
constant over the projection period. Fuel wood use woul d
decrease to the extent that househol ds nmoved from single
famly to nmultifamly housing units. Fuel wood use woul d
al so decrease to the extent that households shifted to
| ower cost conventional fuels, thus decreasing the
advant age of wood burni ng. However, the effect of fuel
switching on wood use will be mninmzed under the
proj ections used here where natural gas and oil are
expected to cost about the sane on average nationw de
(Figure 9).

External Inputs. The WOODSTOV model uses three
impoi tant external inputs. Residential prices for fuel
oil", natural” gas, and electricity through 2010 are from DCE
projections (17). By 2020 and thereafter, prices are
assumed to level off at the equivalent of $50 per barrel of
oil (1982 dollars) (Figure 9). Fuel wood prices are
projected by increasing regional prices froma 1980
survey (9) at t)ie same rate as whole chip prices projected
by the CIIPS nodel. The nunber of households is projected
to increase at the rate projected for the 1989 Forest
Servi ce Assessment (13).
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Model Verification. The WOODSTOV model is initialized
in 1970 and simulates residential fuelwood use from 1970 to
2040. The nodel has been calibrated and validated using
several sources of information about trends in fuel wod use
bet ween 1970 and 1986, and detailed survey data on fuel wood
use characteristics for 1980. Three sources of information
were used to establish the national trend in residential
fuel wood use between 1970 and 1986:

1. Forest Service (FS) surveys/ estimates for 1970, 1980,
and 1986

2. DOE estimates for 1970 to 1983

3. DCE surveys for 1981 to 1986

The first two sources agree on a rapid increase in use
bet ween 1970 and 1980 but do not agree on the |evel of
fuel wood use in 1970. The DCE sources agree on a
continuing increase in the early 1980’s. Tile FS and DOE
surveys suggest a decline by 1986. The FS surveys al so
suggests use in 1986 was |ower than in 1980. Using this
information, the WOODSTOV nodel was calibrated to increase
froma 1970 level of 12 mllion cords, to the 41 mllion
cords in 1980, then decrease to 38.9 mllion cords in 1986
(Figure 10).

In addition to tracking national total use, the 1980
nodel estimates for the North, South, and West are close to
1980 survey estimates (Table 2), and separate 1980 nodel
estimates of wood use in stoves and fireplaces are close to
1980 survey estimates.

Sensitivity testing, conducted with many nmodel runs,
shows the nodel to be relatively insensitive to nodest
changes in single assunmptions about how stove capacity
additions or renovals will respond to a given fuel cost
savi ngs or payback periods. The nodel is quite sensitive
t hough to changes in projected prices for fuelwod and
conventional fuels.

To assess the possible inmpact of EPA stove standards
and nore w despread restrictions on fireplace use we
prepared a high regulation inpact projection. In the base
case, the cost of stove installation increases in response
to increased proportion of households owning stoves and
i ncreased proportion of a hone’s heat that is supplied by
wood. In the high regulation inpact case four changes are
made

1. Stove costs increase 35%starting in 1990.

2. Stove efficiency is 5% higher by 2000 than in the
base case.

3. The nunber of fireplaces In hones is 10% | ower
by 2000 than in the base case.

4. Wbod use in fireplaces is 10% | ower by 2000 than
in the base case

Under the high regulation inpact assunptions,
residential fuel wod use would increase 41%rat her than
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Table 2.

Residential fuelwood use:

fraction using fireplaces.

Total households. fraction using stoves,

wood use per household using a stove,

wood use per household using e fireplace., and total wood use, 1986,

with projections to 2040

Year

Total
Houae-
holds

Households burning

wood

P L L L L L L T T O

Stoves Fireplaces

Wood use per houasehold
Total fuelwood use

Stove(s) Fireplace(s)

=illions -----percentecaccs  c-ceeo ~-cordg-cc~ewe--- million billien Quad
cords cu. ft
United States

1980 80.5 9 20 2.8 1.2 40.5 3.24 0.81
1980 80.5% 7 21 3.% 1.2 41.6 3.3 0.8)3
1986 - 6 21 3.1 1.1 38.9 3.1l 0.78
2000 109.3 7 22 2.8 1.1 46.8 3.74 0.9¢
2010 121.8 11 23 2.6 1.0 62.4 5.00 1.25%
2020 132.9 11 23 2.5 0.9 64.0 .12 1.28
2030 140.3 9 22 2.3 0.9 60.0 4.80 1.20
2040 145.5 9 22 2.1 0.9 56.8 4.54 1.14

North
1980 40.7 10 18 3.4 0.8 21.3 1.70 0.43
1980 40.8 9 18 4.2 1.1 23.5 1.88 0.47
1986 .- -- .- .- .- 22.8 1.82 0.46
2000 56.4 8 18 3.2 1.0 23.6 1.8% 0.47
2010 61.7 12 19 3.0 0.9 3.2 2.50 0.62
2020 67.3 11 19 2.8 0.8 30.7 2.46 0.61
2030 71.1 i i8 2.6 8.7 27.4 2.1¢ C.5%%
2040 73.6 9 18 2.4 0.7 24.8 1.98 0.50

South
1980 24 10 20 2.5 1.4 12.1 0.97 0.24
1980 24.0 ? 23 2.4 1.5 12.2 0.97 0.24
1986 -- - .- - -- 9.3 0.75% 0.19
2000 32.8% [ 23 2.1 1.4 14.3 1.14 0.29
2010 36.2 24 2.0 1.4 18.8 1.50 0.38
2020 39.% 10 24 1.9 1.3 19.7 1.987 0.39
2030 41.7 24 1.8 1.3 19.7 1.57 0.39
2040 43.3 8 24 1.6 1.4 19.9 1.%9 0.40

Vest
1980 15.8 7 28 2.8 0.9 7.1 0.57 0.14
1980 15.8 4 28 3.2 0.9 6.0 0.48 0.12
1986 - -- - - - 6.8 0.54 0.14
2000 29 2.9 0.8 8.9 0.7 0.18
2010 . 10 kDS 2.8 0.8 12.4 0.9 0.2%
2020 26.1 io 31 7.8 0.8 i3.6 1.09 .27
2030 10 2.% 0.8 13.0 1. 0.26
2040 . 30 2.3 0.7 12.1 Q.97 0.24

Sources: The fi{rst 1980 row {s from Ref. 9, Tables A-1, 13 and 14. The second 1980 row and

rows 2000 -

Re?. 13,

-y
Taviae

-
3.

an Bl Ao _aa o & Lo
kv FProjection ©I husvev ©

2040 are estimates from the WOODSTOV 111 model. Estimates for 1986 are from

=2
H
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65% bet ween 1966 and 2020. Fuel wood use woul d be 12%
less in 2020 for the high inpact case (Figure 11).

PRQJIECTI ONS OF FUELWOOD CONSUMPTI ON 1986 TO 2040

The projections of fuelwood use from the
i ndustrial/comrercial and residential fuelwod npdels have
been aggregated into three regional projections and into a
projection for the United States as a whol e (excluding
Al aska and Hawaii). These projections are presented in
Figures 12 to 15 and Tables 2 and 3. Although the overal
trend for 1980 to 2040 is one of increase in all. regions,
there are sone notable differences between the regions and
anong the conponent parts of the total.

As a result of a projected cost advantage of fuel wood
over nonwood fuels in all regions, the industrial and
residential fuelwdod use is projected to increase from
about 1.3 quad or 5.2 BCF in 1986 to 2.2 quad or 8.8 BCF in
2020, and to fall to just below 2.0 quad or 7.8 BCF in 2040

(Figure 12). Total fuelwood use declines after 2020
because residential use is expected to decline as fuelwod
becones | ess conpetitive with other fuels. Resi dent i al

fuel wood use is also projected to decline from 1986 to 1990
because of lower oil prices. This projection is supported
by reports of current trends in the residential sector.

Al'though residential fuelwod use is currently much
larger than industrial./comercial use, the industrial/
comercial sector is expected to continue to grow nore
rapidly, with nost increased supply coming from | ogging
resi dues and whol e tree chips. M1l residue use will grow
slightly as the pulp and tinber industries expand, but nost
growth in wood energy outside the forest products
industries will be supplied by roundwood (Table 3)

(Figure 12).

The North has the highest wood energy consunption
with nore than double the consunption in the West
t hroughout the period. The northern regions show the
general patterns of consunption described for the nation,
except that the fluctuations in residential use are
sufficiently large to cause greater variation in the tota
fuel wood consunption (Figure 13). Resi dential and
consequently, total fuelwood consunption are projected to
decline from 1986 to 1990 even though some small growth
still occurs in the industrial and comercial sectors.
Residential use also falls again after 2020 for the
reasons already described. Generally higher than average
energy costs in the North nake the region nore sensitive to
fuel price conpetition.

Al though the South starts off with |ower |evels of
fuel wood consunption in both the residential and
i ndustrial/conmercial sectors, it is projected to increase
its consunption nore rapidly overall, so that by 2040
fuel wood consunption Levels will exceed those in the North
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(Figure 14). Residential consunption in the south is not
projected to fall as sharpiy from 1986 to 1990 while
industrial/commercial use is expected to increase quite
rapidly as a result of the growth in use in the forest
products industries in the region. A far greater share of
the totaL industrial fuelwood supﬁly is provided fromnill
residues in the South, although the rate of growth in the
the use of chips and |ogging residue should be nuch nore
rapid than in either of the other two regions. Unli ke the
North, residential use remains alnost |evel after 2020
while the overall decline in fuelwod use is accounted for
by a reduction in the logging residue supply after 2020.

The West is a very large and diverse region in which
overall fuelwoad use is relatively less inportant.
Al'though tile fuelwood use trend is projected to increase
through 2020 and then decline in line with the other
regions, the relative changes in residential and
industrial/commercial use are quite different (Figure 15).
Unlike the rest of the nation, no significant Increase in
i ndustrial fuelwod is projected through the period, and
nost industrial/comercial fuelwod is expected to be

supplied by m Il residues. Alnost all the total fuelwood
i ncrease through 2020 is projected to cone from increases
in the residential sector, i ch should double fuel wod use

in the West from 1990 to 2020, after a flat period from
1980 to 1990. Residential use is projected to fall after
2020 as fuelwood | oses some of its conpetitiveness against
ot her fuels.

Figure 1 shows how our projections conpare to recent
and long term historical trends. Bet ween 1990 and 2010,
t he roundwood portion of wood energy use is projected to
increase nore slowy than it did during the late 1970s and
early *80s. Its rate of increase will also be slower than
the rate of increase in all wood energy use projected by
DCE. Although DOE projects total wood energy use wll
clinb well above the 2.8 quad (11 BCF) level attained in
the 1870s, roundwood used for fuel will increase to just
over half the level attained in the 1870s. Roundwood use
for fuel is projected to peak in 2020 at 6.7 BCF.

Nationally, the proportion of all U S. roundwood
consunption that is used for fuel is not expected to change
dramatically between now and 2040. Using the projections
fromthis study and the roundwood use projections fromthe
TAMM nodel (13), Figure 16 conpares the projected
consunption of roundwood for fuel and nonfuel use.
Roundwood use for fuel as a percentage of total roundwood
use is expected to go from27% in 1986 to about 29 % at
the projected peak of fuelwood consunption in 2020, before
falling back to 25% i n 2040. Fuel wood’ s share of
roundwood consunption is projected to remain higher than
during the last three decades. Fuel wood will probably
becone a relatively permanent part of the forest products
econony.
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Table 3. Wood energy use by type of waterial and region, 1986, with prujections to 2040
Solid wood and bark material
Pulp Total
Chips Logging Mill Resi- Total Total Ltquorb DOE
Year residue residue dential (MMCF} (quad) Projection €
------------ ajllion cubic feet---c-vccceca cocvrcnrcccncncc-quad-rrecerccncacaan
United States
1984 -- - 205% - 5167 1.29 0.90 2.19 2.52
1990 250 372 1939 2959 5520 1.38 2.58
2000 511 822 1920 3742 6995 1.75% 3.10
2010 $71 941 1998 4995 8505 2.13 3.66
2020 593 998 2084 5123 8798 2.20
2030 572 967 1932 4801 8272 2.07
2040 548 671 2070 4544 7833 1.96
North
1986 -- - 213 -- 2037 0.%51 0.10 0.61
1990 116 176 357 1469 2118 0.53
2000 199 276 434 1887 2796 0.70
1010 228 330 (31} 2498 3508 0.88
2020 231 361 496 2459 3547 0.89
2030 234 352 475 2190 3251 0.81
2040 229 255 531 1984 2999 0.7%
South
1986 - - 1145 .- 1892 7 0.65 1.12
1958 E Y 132 1105 $5¢C 2278 0.57
2000 267 484 996 1143 2890 0.72
2010 299 545 1063 1502 3409 0.85%
2020 RV ] 566 1110 1574 3564 0.89
2030 299 558 1037 1574 3468 0.87
2040 288 368 1162 1590 3408 0.85
west
1904 - -- 697 -~ 1240 0.31 0.15 0.46
1990 43 64 477 540 1124 0.28
1000 45 62 490 712 1309 0.33
31010 46 66 481 994 1587 0.40
1020 48 71 478 1090 1687 0.42
1030 39 $7 420 1036 1552 0.39
i0&d 3i i8 377 $70 1426 G.36
Sources: For 1986, Ref. 13, tables 3.30 and 3.31. This source does not have separate

estimsates of roundwood burned by industry

2000 to 2040,

sodele.

Beurce:

Seurce:

(chips and logging residue) and households.

USDA Forest Service projections are made using the CHIPS and WOODSTOV Il

gxcludes secondary »ill residue snd waste wood products used for fuel.

Ref.

Ref.

2.

17,

Table B-1.

1986 value is from Table 1.
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To nore closely describe the inpact of fuelwod use on
ti nber sources used for saw ogs, veneer |ogs, and pul pwood
we must further subdivide total. roundwood used for fuel.
First, we deduct all logging residue that is used for
fuel. This is a category of nmaterial that will be a drain
on tinmber resources regardl ess of whether or not it is used
for fuel (Table 4). Material that is now |ogging residue
will be renmoved for fuel in integrated operations when
sawl ogs and veneer |logs are renpved or in secandary
operati ons. Second, we deduct material coming from
non- growi ng stock sources. For residential fuel wod use,
two sources indicate non-growi ng stock use is 75-80%

(9, 13). The (lon-growi ng stock portion is higher for
hardwoods and | ower for softwoods. For industrial and
commerci al use, nost fuelwood which is not |ogging residue
will be taken by whole tree chipping If whole tree

chi ppi ng harvests wood from average stand~ on tinmberland,

t he average proportions of non-grow ng stock would be 50%
and 30% for hardwood and softwood stands, respectively

(11). However, the proportion of fuel chips that is
non-growi ng stock will be higher than these figures for two
reasons. First, whole tree chipping for fuel will tend to
use stands with a higher proportion of non-grow ng stock
because they will be cheaper. This may include some |and
with trees that is not classified as tinberland. Second,
harvest of chips for fuel will often be conbined with
harvest of chips for pulp mlls. Pulp chips will nore

often be fromclean growing stock (main stem parts of

trees whereas fuel chips wl 1 nore often he from
non-growing stock parts (Tops, braches) wi t h mor e bar k and
dirt content.

The overall proportion of roundwood (excluding |ogging
residue) from non-growing stock will be largely determ ned
by residential use. Although overall industrial/conmercial
use is projected to increase, so does residential use, and
i ndustrial use does not exceed 14% of total use.

The estimated 1986 proportion of roundwood from
non-growi ng stock was taken from Forest Service
estimates (13). It is assuned to remain high over the
projection period since residential use of non-grow ng
stock sources is expected to remain high, and expanded use
of whole tree chipping operations for industrial/conmercial
fuel will provide fuel chips with a high proportion of
non-growi ng stock simlar to current |evels using the
chi pping practices nmentioned above.

G owing stock use for fuel is projected to increase
from0.80 BCF in 1986 (5% of all roundwood use), to a high
of 1.35 BCF in 2010 (5%, then decline to 1.14 BCF in 2040
(4% (Table 4). Even though 25-30% of all roundwood may
be used for fuel over the projection period, only 4-5%is
projected to cone from grow ng stock.



atoc by cneclaes  crauw $ooe
tates by species. growing

All roundwood Growing stock
Industrial Residential
Hard- Soft- Hard- Soft- /Jcommercial use
Year Total woods woods Total woods woods use

-=--billion cubic feet-~-

United States total

1988 3.1t 2,57 G.55 G.8C G.5% $.21 - --
2000 4.26 3.38 0.88 1.11 0.85 0.26 0.52 3.74
2010 5.60 4.39 1.21 1.35 1.02 0.33 0.60 5.00
2020 5.73 4.42 1.31 1.33 1.00 0.33 0.61 5.12
2030 5.38 4.11 1.27 1.23 0.94 0.29 0.59 4.80
2040 $5.09 3.88 1.22 1.14 0.88 0.26 0.55 4.54
North
1986 1.82 1.70 0.13 0.24 0.22 0.02 .- --
2000 2.09 1.81 0.28 0.21 0.19 0.02 0.21 1.88
2010 2.74 2.37 0.37 0.23 0.19 0.03 0.24 2.50
2020 2.70 2.31 0.39 0.20 0.16 0.03 0.24 2.46
2030 2.43 2.05 0.3% .18 .15 0.63 0.25 2.1%
2040 2,22 1.85 0.37 0.16 0.13 0.03 0.24 1.98
South
1986 0.75 0.69 0.0% 0.32 0.29 0.03 - .-
2000 1.41 1.31 0.09 0.58 0.53 0.05% 0.26 1.14
2010 1.81 1.69 0.12 0.72 0.66 0.06 0.31 1.%0
2020 1.90 1.78 0.12 0.73 0.67 0.06 0.32 1.5%7
2030 1.88 1.77 0.12 0.70 0.64 0.06 6.31 1.%57
2040 1.88 1.76 0.12 0.68 0.61 0.06 0.29 1.59
Vest
198§ 0.%4 .18 Q.38 .22 0,08 0.18% == --
2000 0.77 0.25 0.51 0.32 0.13 0.18 0.05 V.71
2010 1.05 0.33 0.72 0.40 0.17 0.23 0.06 1.00
2020 1.13 0.33 0.80 0.40 0.17 0.23 0.04 1.09
2030 1.07 0.30 0.77 0.3% 0.1% 0.20 0.03 1.04
2040 1.00 0.27 0.73 0.30 0.14 0.17 0.03 0.97

Projections exclude logging reasidue used for fuel.

»
Growing stock i{s the main stem portion of live trees 5 tnches dbh or larger of

commercial species meeting standards for quality and vigor. Excludes cull trees.

Sources: Por 1986, Ref. 13, Table 3.30. This source does not have separate
estimates of roundwood burned by {ndustry and households.

For 2000 to 2040, USOA Forest Service projections made using the CHIPS and
WOODSTOV 11! models and estimates of the spiit between growing stock (CS) and

other sources.
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CONCLUSI ONS AND RESERVATI ONS

The general conclusion that we draw from these
nodeling studies is that fuelwod use, after a rapid
increase in the 1970s and early 1980s, 1s expected to grow
steadily through 2020 at an average rate slightly greater
than that for all other tinber products. Although there
are inportant regional variations in projected fuelwod use
patterns, the national picture is one of steady growth in
both residential and industrial fuelwod use through 2020,
with a decline in both from 2020 to 2040. These
proj ecti ons suggest fuelwod s share of total roundwood
harvest is set and fuelwood w |l becone a fairly permanent
feature of the forest products econonmy. This may have
inportant inplications for forest management in the |ong
term

A second and not at all surprising conclusion is that
the demand for fuelwood is very dependent on the price of
conpeting fuels. Any marked rise in real prices of oil,
gas, or to some extent electric power can be expected to
cause fuelwood use to rise in both the residential and
industrial sectors, wth the residential sector probably
liable to nore rapid responce especially in sone regions.
These projections have used DOE energy price projections,
whi ch shows noderate increases in oil and gas prices
t hrough 2010. O her enerqy price projections would produce
very different responses in the fuel wod narket. To the
extent that uncertainty exists in oil Price projections,
uncertainty wll necessarily exist in fuel wod denand
projections as well.

Finally, we should note that national and
international energy policies may have to be reviewed in
the next decade as we gain a better unders.canding of the
greenhouse effect. The costs of our present heavy reliance
on fossil fuels nay be determ ned to be unacceptable, and
i n consequence, national policy may restrict increased use
of fossil fuels and could even encourage |arge scale
reforestation to support wood fuel production. This would
clearly produce very significant changes in the projections
that we have nade. To a large extent, these projections
are based on a business as usual view of the next fifty
years, which may very well turn out to not be the case
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