Resource and Energy Economics 43 (2016) 112-129

&

RESOURCE
d ENERGY
ONOMICS

Contents lists available at ScienceDirect

Resource and Energy Economics

journal homepage: www.elsevier.com/locate/ree

Climate and forests: The tradeoff between @Cmmk
forests as a source for producing bioenergy and
as a carbon sink*-**

Michael Hoel ®-*, Thea Marcelia Sletten”

@ Department of Economics, University of Oslo, P.0. Box 1095, Blindern, NO-0317 Oslo, Norway
b Norwegian Environment Agency, Norway

ARTICLE INFO ABSTRACT
Article history: Forest harvests are a possible source of second-generation wood-
Received 20 February 2014 based bioenergy. The carbon stored in the forest is highest when

Received in revised form 19 September
2015

Accepted 10 November 2015

Available online 2 December 2015

there is little or no harvest from the forest. Increasing the harvest
from a forest, in order to produce more bioenergy, may thus conflict
with the direct benefit of the forest as a carbon sink. We analyze this
conflict using a simple model where bioenergy and fossil energy are
JEL classification: perfect substituFes. Our ana!ysis shows how the social optimum will
Q30 depend on the size of the climate cost, and how the social optimum
Q42 may be obtained by suitable taxes and subsidies.

Q54 © 2015 Elsevier B.V. All rights reserved.

Q58

Keywords:
Climate
Carbon
Bioenergy
Forests

* This article is based on Sletten’s master thesis (Sletten, 2012). While carrying out this research the authors have been
associated with CREE-Oslo Centre for Research on Environmentally friendly Energy. CREE is supported by the Research Council
of Norway.

** The content of this article does not reflect the official opinion of the Norwegian Environment Agency. Responsibility for
the information and views expressed in the article lies entirely with the authors.

* Corresponding author. Tel.: +47 90045402.
E-mail address: mihoel@econ.uio.no (M. Hoel).

http://dx.doi.org/10.1016/j.reseneeco.2015.11.005
0928-7655/© 2015 Elsevier B.V. All rights reserved.


dx.doi.org/10.1016/j.reseneeco.2015.11.005
http://www.sciencedirect.com/science/journal/09287655
http://www.elsevier.com/locate/ree
http://crossmark.crossref.org/dialog/?doi=10.1016/j.reseneeco.2015.11.005&domain=pdf
mailto:mihoel@econ.uio.no
dx.doi.org/10.1016/j.reseneeco.2015.11.005

M. Hoel, T.M. Sletten / Resource and Energy Economics 43 (2016) 112-129 113
1. Introduction

An increasing concern for climate change has made many countries consider biofuel and other
forms of bioenergy as an important alternative to fossil energy. However, concerns have been raised
about the use of bioenergy, at least of first-generation food-crop-based biofuels. The critique has
partly been due to the upward pressure such biofuel production has put on food prices (Chakravorty
et al.,, 2008; Bahel et al., 2013; Hassler and Sinn, 2012). This type of biofuel has also been criticized
for the greenhouse gas emissions related to growing and processing. Obvious sources of emissions
from biofuel production include the use of fertilizer when growing energy crops (Crutzen et al.,
2008), as well as the use of fossil energy in the harvesting and processing of the crops (Macedo
et al., 2008). A second problem with the production of bioenergy is that it may cause carbon emis-
sions due to direct and indirect land use changes (see e.g. Searchinger et al., 2008; Berndes et al.,
2010; Andrade de Sa et al., 2013). This is true both for conversion of grazing land and forest land
to land for producing crops for bioenergy. For both types of land the land conversion may give a
loss of carbon stored in the soil, and for forest land there may in addition be a loss of forest carbon
stocks.

An alternative to converting grazing land or forest land into land for growing suitable crops for
bioenergy production is to use the harvests from standing forests to produce bioenergy. However,
wood-based bioenergy from standing forests is not unproblematic from a climatic point of view. The
carbon stored in the forest is highest when there is little or no harvest from the forest. Hence, increasing
the harvest from a forest in order to produce more bioenergy may conflict with the direct benefit of
the forest as a sink of carbon.

Wood-based bioenergy may take many forms, including e.g. raw firewood, processed charcoals,
and pellets. The possibility of producing liquid biofuel from cellulosic biomass may also be a promis-
ing alternative to using food crops (Hill et al., 2006). The common denominator is that there is an
underlying biological process that will remove carbon from the atmosphere and store it in biologi-
cal materials. To analyze the climatic effects of wood-based bioenergy from standing forests in more
detail, we present a simple but general model of this biological process and the interactions between
the gradual forest growth inducing depletion of atmospheric carbon and the instantaneous emission
from energy consumption.

We present our model in Section 2. In this model bioenergy and fossil energy are assumed
perfect substitutes. The cost of producing fossil energy is assumed increasing in cumulative extrac-
tion, so that in the long run fossil energy production will tend to zero. In Section 3, we derive
the properties of the social optimum, and show that there will exist a phase prior to the non-
fossil era when bioenergy and fossil energy will both be produced. Our analysis shows how the
social optimum will depend on the social cost of carbon; henceforth called the climate cost. In
particular, we show that the long-run carbon stock contained in the forest is higher the higher is
the climate cost. The long-run output level of bioenergy may be either increasing or declining in
the size of the climate cost, depending both on the size of this cost and on the cost of producing
bioenergy.

In Section 4, we briefly describe the unregulated market economy, and show how the equilibrium
in such an economy differs from the social optimum. In Section 5, we show that the equilibrium
of the market economy will coincide with the social optimum if all carbon emissions to the atmo-
sphere are taxed at a rate equal to the size of the climate cost, and carbon sequestration through
forest growth is subsidized at the same rate. If policy is restricted to taxes on the two types of
energy, the first-best may nevertheless be achieved in our simple model. The tax rate on fossil
energy should in this case be equal to the size of the climate cost, while the tax rate on bioen-
ergy will generally differ from the fossil energy tax rate. If there is a binding political constraint on
how high the tax on fossil energy can be, this constraint may affect the (second-best) optimal tax on
bioenergy. In many recent papers exploring the interactions between renewable and non-renewable
energy sources (Hoel, 2012; Grafton et al., 2012; Gronwald et al., 2013), the focus is primarily on
how policy measures may affect the extraction path of the non-renewable energy source. In this
paper the focus is instead on the optimal supply of bioenergy, and how to achieve this with policy
measures.
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