Abstract

Orjan Furtenback Fuel substitution in district heating plants and CGE modegli
with a forest resourcelicentiate Thesis.

This thesis contains two papers.

Paper I: Demand for waste as fuel in the Swedish district heatingoseet pro-
duction function approach

This paper evaluates inter-fuel substitution in the Swedistrict heating industry
by analyzing almost all the district heating plants in Swettethe period 1989 to
2003, specifically those plants incinerating waste. A mailiiput plant-specific pro-
duction function is estimated using panel data methods.o&exture for weighting
the elasticities of factor demand to produce a single mébrixhe whole industry
is introduced. The price of waste is assumed to increasesporse to the energy
and CQ tax on waste-to-energy incineration that was introduce@vieden on 1
July 2006. Analysis of the plants involved in waste inciti@raindicates that an in-
crease in the net price of waste by 10% is likely to reduce #meahd for waste by
4.2%, and increase the demand for bio-fuels, fossil fu¢kerduels and electricity
by 5.5%, 6.0%, 6.0% and 6.0%, respectively.

Paper II: Towards a dynamic Ecol-Econ CGE model with forest as biomaps
ital

This study presents a Dynamic Computable General Equilibmodel that com-
bines economic and ecological aspects of forest biomassameiwork is introduced
for modeling the growth of a biomass stock which interacthwconomic sectors.
Harvest of and demand for forest products and forest amesratie determined en-
dogenously in an inter-temporally consistent way. The idé@sed on a Markovian
growth model of the forest. The study demonstrates an apprioa incorporating
non-market values of forests, such as carbon sequestratioreation and biodi-
versity, into a growth model. A simulation illustrates hest behavior when the
economy is subjected to shocks.
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1 Introduction

The forest resource in Sweden has traditionally been usedvinmills, board in-
dustry, and paper and pulp industries. Since the 1980gjdilseating, using forest
bio-mass residues as input in the production of heat, iseaaignificantly. Also,
amenity values, such as recreation and carbon sink sefv&gsbecome increas-
ingly important.

The use of the forest resource has changed over time, frong lpeimarily an
input to saw mills and pulp and paper production, to alsaidelprovision of a wide
array of amenities, and as a source of bio-energy.

Figure 1 shows how forest bio-mass resources flow from thesfawner into
the forest industry (saw mills, board industry, and pulpuistdy), between agents
within the forest industry, and into the final products inlyisn 2004. Forest in-
dustry agents are represented by rectangular boxes, battesownded bottoms
represents storage of specific bio-mass, input from foresecs enter from the left,
and output to the final products industry resides on the hight side. Shaded areas
indicate quantities used for energy purposes. Note thaegahdicated at arcs are
in Mt dry bio-mass matter. The data is based on Nilsson (2006)

As can be deduced from figure 1, the 32,650 Mt of dry matterasdily used
as follows: one quarter attributed to sawn goods, one thigitp, one-hundredth
to boards and one tenth to district heating and briquett@eltets. Approximately
one third is used in the forest industry, mainly to heat fgtimty and to some extent
to produce electricity.

The value of forest raw material as a source of energy hasased considerably
since the oil crises of the 1970s and continues to increatbeingreasing prices of
fossil fuels. The expansion of bio-fuels has been extenrivecent years and will
most likely continue.

The European Union has intensified its energy and climatagghambitions
and, as a Member State, Sweden is expected to make an effogdbthese am-
bitions. The Commission of the European Communities, SEXO&P85/3, Impact
Assessment, originates from an agreement between the ElbbteBtates and con-
tains proposals for how the burden of reaching energy anshtdi targets could be
shared amongst nations. Taken together the Member Statesaeeed to reduce
greenhouse gases by at least 20 percent by 2020 compare@@p&tfl provided
that a comprehensive international agreement on redgctiomes about, the tar-
get is set to a 30 percent reduction. In addition, the MemlateS decided that
renewable energy should constitute 20 percent of totalggnesnsumption within
the EU, including a 10 percent bio-fuels target for trantpofhe legally-binding
targets amongst EU’'s Member States vary and the targetmasisfor Sweden is a
17 percent reduction of greenhouse gases emissions cairmpa?2805 and a share
of renewable energy amounting to 49 percent by 2020, up fld® @gercent in 2007
(Swedish energy Agency 2009).

The arguments used by countries for justifying this develept are mainly con-
nected to positive environmental and economic effects citiald be summarized as
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Figure 1: Commodity inputs to the forest industry and the flbmough process to

final products in 2004. Modified from Nilsson (2006).



in Lundgren et al. (2008):

Climate effects

Environmental effects (other than climate effects)

Energy security effects

Net economic effects (e.g., on employment and income)

If the combined impact of these effects has a nonnegativeffesit on welfare, the
conversion from fossil energy sources to bio-energy sauigqustifiable from a
societal point of view.

Forest raw material is expected to be sufficient to caterferdemand of tra-
ditional products such as sawn goods, paper and packagstgctdheating, and
for new purposes such as electricity generation and fuethénransport sector.
Furthermore, the Swedish government (the department afudigire) recently an-
nounced a proposition to increase the role of the forestscastmn sink as well as
an increase in the use of forest biomass for energy (GovernBik 2007/08:108,
2008).

In short, the claim on forests and forest resources haveased significantly
both from the traditional forest sector and from entirelyrgroups.

Next partial equilibrium and general equilibrium modelarg discussed in brief.
The purpose of this is to familiarize the reader with soménefléey concepts of this
thesis. Then the two papers will be introduced and fully @nésd.

2 Assessing the effects of environmental policy -
Partial and General Equilibrium

This thesis contains two papers. The two papers are qupeardite in methodology
but share some common features. The common features cambeasized as:

e The utilization of forest and other non-fossil recourses

e Environmental policies and their implications

The first part of this thesis uses partial equilibrium anialy$ policy decisions
influencing the environment. Partial equilibrium modelsuase that the feedback
from sectoral changes to aggregate variables is neglithbke allowing a more de-
tailed analysis of the effect a specific policy might have ommodity markets
(Lundmark and Mansikkasalo 2009). The modeling framewak its foundations
in applied production economics (see e.g. Chambers 1988jtiaPequilibrium
analysisof one markets based on the assumption that all relevant variables éxcep
the price in question are constant. The focus is on the imgiaatpolicy in one
market, without worrying about second round effects froleotmarkets. In many



cases partial equilibrium analysis is debatable, but iemstht is a very useful tool.
Generally, the more narrowly the market is defined, the mppeapriate PE anal-
ysis is. The analysis considers the substitution effectapits used in the district
heating industry resulting from the introduction of a taxinoineration of waste,
SFS 2006:592 (2006), motivated for curbing £€mnissions. It is assumed that the
net price of waste for the waste incineration industry clesnip response to the
introduction of a tax on the incineration of waste, and that tax will not cause
significant changes in the price of input substitutes (fdasi, bio-fuel, electricity)
or output substitutes (heating with fossil fuel, bio-fualkctricity). The study is an
econometric examination of the district heating sectorrel®o-mass enters as an
input fuel and is similar to Brannlund and Kristrom (2001 hewe the impact of
energy taxation on the Swedish district heating industry @eamined, but without
specifically considering waste as an input to the incinenatidustry.

Figure 1 shows that the forest industry and final product strguare highly
interconnected. General equilirium effects might be pnesesuch a case. The sec-
ond part of the thesis takes this into account and attempigtmluce a more holistic
approach to the economic analysis of the use of forest ptedécframework for
evaluation of ecological aspects of the forest in combamatiith the economy is
introduced. The study does not investigate a specific pdhigyrather introduces a
tool for policy analysis. Examples of policies could be rdfigant increased use of
forest as a bio-fuel, including forest carbon sequesigatapability, or setting forest
land aside in order to increase recreation or biodiversityes.

Many CGE models are static: they model the reactions of tbaauay at only
one point in time. For policy analysis, results from such alelare often inter-
preted as showing the reaction of the economy in some futniegto one or a few
external shocks or policy changes. That is, the results shewlifference (usually
reported in percent change form) between two alternatierdéustates (with and
without the policy shock). The process of adjustment to @& aquilibrium is not
explicitly represented in such a model, although detaithefclosure (for example,
whether capital stocks are allowed to adjust) lead mod#édedsstinguish between
short-run and long-run equilibrium. Seminal work in thigarnclude Johansen
(1960) who formulated the first empirically based, muliitee, price-endogenous
model analyzing resource allocation issues, and Harbéi@®&?2), which was the
first to investigate tax policy questions numerically in atsector general equilib-
rium framework. Mathiesen (1985) formulated the problensai’ing a CGE by
stating the CGE as a system of weak inequalities with coomdipg variables fea-
turing complementary slackness with the inequalitiessThcommonly referred to
as a “Mixed Complementary Problem” (MCP) in mathematics.

Dynamic CGE models explicitly trace each variable througtet often at an-
nual intervals. These models are more realistic, but moafleriging to construct
and solve, they require for instance that future changepradicted for all exoge-
nous variables, not just those affected by a possible pal@nge. The dynamic
elements may arise from partial adjustment processes wor $tock/flow accumu-
lation relations, for example between capital stocks amdstment. An educating
example on how to construct a dynamic CGE model is Lau et &00Zp, which
poses the well known Ramsey model, Ramsey (1928), in the MGiRg.
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This part of the thesis presents a dynamic CGE analysis &adstforest as
a biomass capital stock which is related to the flow variabkewest and growth.
Harvest of the forest, and amenities provided by the stanstiock of forest, enters
into the economy specified by the preference system’s deffianations. The dy-
namics of the model is governed by a Markovian growth prooésise forest, and
harvest is determined endogenously.

3 Summary of articles

3.1 Demand for waste as fuel in the Swedish district heatinges-
tor: a production function approach

This study investigates fuel substitutions in Swedishridisheating plants due to
changes in the price of waste. It assesses the extent to wiecBwedish district
heating industry is likely to change its choice of fuel if twéce of waste changes.
While the operators of waste incinerators charge fees fadllrapand disposing of
waste, it also provides fuel. This industrial enterprismizdeled as a multi-output
production system, in which the plants both generate en@agydistrict heating)

and provide a waste disposal service. The waste incinepddots are therefore
considered as bearing extra costs for the handling and shépd the waste they
receive as a fuel input. This implies that the waste incit@nandustry incurs a
net cost for the waste it utilizes. The net price of waste li@rwaste incineration
industry is assumed to change in response to new taxes oa imasteration SFS
2006:592 (2006).

A multi-output plant-specific production function is estitad using panel data
methods. A procedure for weighting the elasticities ofdactemand to produce a
single matrix for the whole industry is introduced. The praf waste is assumed to
increase in response to the energy and, @2 on waste-to-energy incineration that
was introduced in Sweden on July 1, 2006. The study revealptice changes for
waste fuel have the expected result, i.e. negative owreama positive cross-price
elasticities. Analysis of the plants involved in waste imagiation indicates that an
increase in the net price of waste by 10% is likely to redueedtmand for waste by
4.2%, and increase the demand for bio-fuels, fossil fu¢kerduels and electricity
by 5.5%, 6.0%, 6.0% and 6.0%, respectively.

3.2 Towards a dynamic Ecol-Econ CGE model with forest as
biomass capital

The use of Computable General Equilibrium (CGE) models alyaes of the forest
sector has been motivated by the importance of links betweeforest sector and
the rest of the economy (Haynes et al. 1995). In regions wtherdorest sector
is an important contributor to employment and gross domegstiduct, the effect
of changes in the forest sector on the economy may be of signtfinterest. In,

for example, Binkley et al. (1994) a CGE model was used toyaeahe economic
impact of reductions in the annual allowable cut in the Céragrovince of British
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Columbia, where the forest industry is a major componenhefegconomy. In ad-
dition, the Global Trade Assessment Project (GTAP) modslbdeen used as part
of an Asia-Pacific Economic Cooperation (APEC) study to ss#ee effects of the
removal of specific non-tariff barriers to forest produetde on a country’s gross
domestic product, welfare, and trade (New Zealand Forest¢d&teh Institute 1999).

This study presents a Dynamic CGE model, suitable for paitglysis, which
combines simple economic and ecological aspects of thetftiemass. Biolo-
gists point out that biological populations can seldom beueately described by
the aggregate biomass without paying attention to thernatestructure, including
variables such as the age-class distribution (Getz andntia#9). Therefore, the
model presented here has a detailed age-structured refatse of growth and
harvest of biomass stocks, interlinked with the rest of tbenemy. Harvest and
demand for forest products and forest amenities are datechendogenously in an
inter-temporally consistent way. The general idea is MaikogrowtH. The possi-
ble policy instruments include taxes, subsidies and tariffuestions regarding the
value of carbon sequestration and the cost of setting age&izad parts of forest land
for recreation can also be addressed. Further, it is pestsibimpose restrictions on
forest harvests, in accordance with prevailing regulation

The ecological part of the model is based on the forest gromdgtel in Sall-
nas (1990), which has been used to develop software, cal&8IEEN (Schelhaas
et al. 2007), by the European Forest Institute that is usegrajections of for-
est resources. Input to EFISCEN is based on national fameehtories and input
data are available for 31 European countries. The EFISCHEWa&®@ generates an
initial Area Distribution Vector, describing the state bEtforest, and a Transition
Probability Matrix, which describes the growth processhef forest.

The study demonstrates an approach for incorporating remen values of
forests, such as carbon sequestration, recreation andvéisitly, into a growth
model. A simulation illustrates harvest behavior when tbenemy is subjected
to shocks.

1The Markov growth model is a well-known mathematical model f& tandom evolution of a
memoryless system. That is, one for which the likelihood of @myjifuture state, at any given moment,
depends only on its present state, and not on any past states.
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