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Overview

Low-stabilization scenarios consistent with theCé&rget project large-scale deployment of purpgrsevn lignocellulosic
biomass. While the scientific consensus on the imapae of bioenergy for climate change mitigatisistrong (Roset al 2013),
high uncertainties remain regarding the biomassniiat mainly due to uncertainties about futureadepments of agricultural
yields, demand for food and feed, and availabditiand and water for agricultural production. karficular, there are only few
global studies attributing costs or prices to tséingated bioenergy potential. In case a greenhgas¢GHG) price regime
integrates emissions from energy conversint from land-use/land-use change, the strong den@mgidenergy and the
pricing of terrestrial emissions are likely to ctithe. We explore the global potential of purposewgr lignocellulosic biomass
and ask the question how the supply prices of bésnd@pend on prices for greenhouse gas emissumstie land-use sector.

M ethod

Using the spatially explicit global land-use optiation model MAgPIE (Lotze-Campehal 2008) that treats technological
change endogenously we construct bioenergy supples under full land-use competition for 10 wakdions and a global
aggregate in two scenarios, with and without a GBG The tax incentivizes the reduction of emissiancruing from land-use
change (C@) and agricultural production g9, CH,). Regarding Cgthe tax is applied exclusively on the forest landlpi.e.
emissions from land-use change of other availaid types are not taxed. The bioenergy supply jticees are derived by
measuring the price response of the MAgPIE modédifferent global bioenergy demand scenarios. The horizon reaches
from 2005 to 2095 in five year time steps. Eacteb&rgy demand scenario yields a time path of regialfocation of bioenergy
production and global bioenergy prices. For eagioreand time step the supply curve was fittechioresulting combinations
of bioenergy production and bioenergy prices.

Results

We find that the implementation of GHG taxes isc@lfor the slope of the supply function and thd@emissions from the
land-use sector. Global supply prices start ak&l%Ind increase almost linearly, doubling at 15QfE2055 and 2095). The
GHG tax increases bioenergy prices by 5$/GJ in 208bby 10 $/GJ in 2095 since it effectively stdpforestation and thus
reduces the amount of land available for bioenergguction. Prices additionally increase due tdsctr N,O emissions from
fertilizer used for bioenergy production. The GHIZ tlecreases total global land-use change emisisioose third. However,
we observe a carbon leakage effect occurring fronversion of land that is not under emission cdntro

If forest is not protected by the GHG tax, bioeyezqissions account for 63 Gtg@nainly due to deforestation in Latin
America (40 GtC@. Under the GHG tax there is no deforestatiorbioenergy, but substantial expansion into othed kuat is
not under emission control, predominantly in Padisia (73 GtCQ). This leakage effect increases bioenergy emisdigrb4
% to 97 GtCQ cumulated from 2005 to 2095.

Bioenergy production requires substantial amouhtsra, almost 500 million ha (Mha) for 240 EJ i995. With and without
the GHG tax this is predominantly realized by clapd reduction (intensification) and usage of othad (e.g. non-forest
natural vegetation, present and future abandom&t).l&verage yields required to produce 245 EJ@52are roughly 600 GJ/ha
with and without tax.

Conclusions

Climate policy not only increases the demand foebergy as several studies show (Rais# 2013, Calvinet al 2009, van
Vuurenet al 2010), it could also substantially increase supiges of biomass raw material as the presenysthdws.
Imposing the GHG tax prevents deforestation, lowarbon emissions, reduces land available for leimgnproduction and
increases the opportunity costs of land. The biagnprices presented in this study emerge undelaindl-use competition with
other crops and are therefore higher than pureyat@mh costs on abandoned land presented in atidiies (Hoogwijket al
(2009), Vuureret al (2009)). Also, compared to other energy carridré $2005/GJ for coal in 2011, (IEA 2012)) bioenerg
prices presented here may seem high. However, @igesupply at these prices could get relevantesimder climate policy
the energy system shows high willingness to paypioenergy (Kleiret al 2013). The incentive to pay high prices for biagye
and to create negative emissions from it increeststhe carbon price. Results show that high béwgp demand and high GHG
prices, which are likely to coincide under climptdicy that embraces all sectors, can put substigmtgssure on the land-use
system. Bioenergy production requires large amoofi@nd, predominantly realized by crop land regurc(intensification) and
increased usage of other land.

This study illustrates the potential consequenéessectoral fragmented climate policy in the larsg-sector: While effectively
preventing deforestation the tax could induce daateakage effect resulting from conversion ofllimt is not included into



the tax or a forest conservation scheme. This eliéegthe relevance of land pooling policies fbetsupply of biomass.
Therefore, the results emphasize that, albeit gpmatask, an effective climate policy in the lamsk sector has to be
implemented carefully to guarantee a compreheraigeunting of different emission sources and thigtdlimate policy may
require accompanying protection measures that ptdieenergy or agriculture from expanding intoddhat is not under
emission accounting and that exhibits high cartiooks or other features valuable to protect. Thigarticularly important if
bioenergy is used as a mitigation option.

References
Calvin K, Edmonds J, Bond-Lamberty B, Clarke L, K8, Kyle P, Smith S J, Thomson A and Wise M 22@ Limiting
climate change to 450 ppm CO2 equivalent in the @disturyEnergy Econ. 31 S107-S120

Hoogwijk M, Faaij A, de Vries B and Turkenburg W@0Exploration of regional and global cost—supplyes of biomass
energy from short-rotation crops at abandoned arapblnd rest land under four IPCC SRES land-us&sios
Biomass Bioenergy 33 26-43

IEA 2012World Energy Outlook 2012 ed IEA (International Energy Agency, Paris)

Klein D, Luderer G, Kriegler E, Strefler J, Bauerldimbach M, Popp A, Dietrich J P, Humpendder &tze-Campen H and
Edenhofer O 2013 The value of bioenergy in lowifitadtion scenarios: an assessment using REMIND-BKClim.
Change Online: http://link.springer.com/article/10.10070$84-013-0940-z

Lotze-Campen H, C. Miller, A. Bondeau, S. RostPApp and W. Lucht 2008 Global food demand, proditgtgrowth, and
the scarcity of land and water resources: a spagaplicit mathematical programming approadric. Econ. 39 325—
38

Rose S K, Kriegler E, Bibas R, Calvin K, Popp An\éuuren D P and Weyant J P 2013 Bioenergy in gnieagsformation and
climate managemen@im. Change

Van Vuuren D P, Bellevrat E, Kitous A and Isaac 8.2 Bio-Energy Use and Low Stabilization ScenaBEinergy J. Volume
31 (Special Issue 1) 193-221

Van Vuuren D P, van Vliet J and Stehfest E 200 feubio-energy potential under various natural trairgsEnergy Policy 37
4220-30



