Available online at www.sciencedirect.com

SCIENCE@DIHECT' Energy
Economics

ELSEVIER Energy Economics 26 (2004) 539-564

www.elsevier.com/locate/eneco

Technological learning for carbon capture and
sequestration technologies

Keywan Riahi®*, Edward S. Rubin®, Margaret R. Taylor®®,
Leo Schrattenholzer?®, David Hounshell®

# Environmentally Compatible Energy Strategies Project,
International Institute for Applied Systems Analysis (IIASA), Schlossplatz 1, 2361 Laxenburg, Austria
bCarnegie Mellon University, Baker Hall 1284, 5000 Forbes Avenue, Pittsburgh, PA 15213, USA
€ Berkeley, University of California, Berkeley, CA 94720, USA

Available online 20 July 2004

Abstract

This paper analyzes potentials of carbon capture and sequestration technologies (CCT) in a set of
long-term energy-economic-environmental scenarios based on alternative assumptions for
technological progress of CCT. In order to get a reasonable guide to future technological progress
in managing CO, emissions, we review past experience in controlling sulfur dioxide (SO,) emissions
from power plants. By doing so, we quantify a “learning curve” for CCT, which describes the
relationship between the improvement of costs due to accumulation of experience in CCT
construction. We incorporate the learning curve into the energy-modeling framework MESSAGE-
MACRO and develop greenhouse gas emissions scenarios of economic, demographic, and energy
demand development, where alternative policy cases lead to the stabilization of atmospheric CO,
concentrations at 550 parts per million by volume (ppmv) by the end of the 21st century. We quantify
three types of contributors to the carbon emissions mitigation: (1) demand reductions due to the
increased price of energy, (2) fuel switching primarily away from coal, and (3) carbon capture and
sequestration from fossil fuels. Due to the assumed technological learning, costs of the emissions
reduction for CCT drop rapidly and in parallel with the massive introduction of CCT on the global
scale. Compared to scenarios based on static cost assumptions for CCT, the contribution of carbon
sequestration is about 50% higher in the case of learning, resulting in cumulative sequestration of
CO, ranging from 150 to 250 billion (10°) tons with carbon during the 21st century. Also, carbon
values (tax) across scenarios (to meet the 550 ppmv carbon concentration constraint) are between 2%
and 10% lower in the case of learning for CCT by 2100. The results illustrate that assumptions on
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