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B research article

Policy uncertainty and diffusion of carbon capture and
storage in an optimal region
CHRIS BATAILLE1,2*, NOEL MELTON2, MARK JACCARD1

1 School of Resource and Environmental Management, Simon Fraser University, Vancouver, BC, Canada
2 Navius Research Inc., Simon Fraser University, Vancouver, BC, Canada

Carbon capture and storage (CCS) has the potential to dramatically reduce GHG emissions in energy supply and industry.
However, its high costs mean that uncertainty about the stringency of future climate policy may dissuade firms from investing in this
technology. This article explores the relationship between firms expectations of government policy and investment in CCS. First, it
synthesizes recent cost estimates for CCS applications in electricity generation and oil sands extraction in Canada. Second, it uses
these estimates to investigate the potential impact of policy stringency and uncertainty on CCS adoption in Alberta, a Canadian
province with near-ideal CCS potential. The results suggest investment in CCS, and by extension other costly abatement actions,
will not occur unless governments create a more stringent and durable climate policy environment than currently exists.

Policy relevance
This paper has two novel and linked objectives, the first of significant utility to researchers and energy modellers in particular, the
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process to remove the excess formationCO2 aswell as hydrogen sulphide (H2S), a poisonous gas. CO2 is

typically vented to the atmosphere, while H2S is flared or compressed and re-injected into the ground

to meet regional air quality regulations.

Starting in 1996, Statoil began pumping formation CO2 from the Sleipner natural gas platform back

underground into a deep saline aquifer, together with H2S (Statoil, 2012). Statoil invested in CCS

because of the Norwegian carbon tax of 200 NOK/tCO2e (US$33 at January 2014 exchange rates) at

that time on emissions from the oil and gas sector, which the government increased to 410 NOK



argue that significant divergences of opinion exist regarding the cost and effectiveness of CCS amongst

engineers, economists, environmentalists, policy makers, and the general public: e.g. ‘CCS is science

fiction’ vs ‘CCS is based on common place technology and techniques’, and ‘CCS is a bridge to a low

GHG future,’ vs ‘CCS is a crutch for fossil fuels that will lock them in.’ There is also a substantial body

of research investigating public knowledge and acceptance of CCS, which indicates that the North

American public is mildly supportive of CCS but their knowledge is low (e.g. Boyd et al., 2013; Sharp,

Jaccard, & Keith, 2009).Wilson, Johnson, and Keith (2003), in a review of current underground disposal

of oil brines,wastewater, hazardouswaste, and acid gas on the scale ofCCS for theUS electricity industry,

describe a nebulous regulatory and liability framework for CCS implementation. Stephens (2014) points
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Table 1 Base load thermal electricity plant characteristics for first-of-a-kind new construction equipped with carbon capture

Source

Plant size and efficiency GHG emissions Incremental CCS plant costs1,2

$/t

avoided

Gross

capacity

(MW)

Thermal

efficiency

(%)

Energy

efficiency

penalty (%)

Capture

rate (%)

Avoided

emissions

(g/kWh)

Capital

($/kW)

Operating

($/MWh)

Energy

($/MWh)

Levelized

cost

($/MWh)

Coal supercritical

CCPC (2008) Keephills 481 33 –22 87 646 3072 8 3 64 99

CCPC (2008) Point Tupper 491 36 –20 88 636 2474 7 3 52 82

CCPC (2008) Shand 479 30 –24 87 695 3185 10 4 68 98

DOE (2010) 663 28 –29 88 692 2993 20 5 76 110

EIA (2011) 650 28 –28 87 708 3216 22 4 82 115

GCCSI (2011) PC 1 663 27 –30 86 676 2863 14 5 68 101

GCCSI (2011) PC 2 661 28 –28 86 680 2815 13 5 66 98

IEA (2011) 550 28 –28 86 689 3736 - 5 69 100

Average 580 30 –26 87 678 3044 12 4 68 101

Natural gas combined cycle

DOE (2010) 511 43 –15 90 320 1334 10 9 43 134

EIA (2011) 340 45 –14 90 303 1733 14 9 51 170

GCCSI (2011) 520 44 –14 88 309 1207 5 9 35 113

IEA (2011) 461 48 –14 85 265 1238 - 8 30 112

Average 458 45 –14 88 299 1378 7 9 40 132

Notes: (1) Does not include cost of transport and storage. These costs are estimated to add $3–30/t depending on distance, pipeline capacity, and utilization, the market for CO2,
and other factors (see, e.g., DOE, 2010; Herzog, 2009



plant with CCS. Using common assumptions about capacity factor, energy prices, discount rate, and

amortization period, a standardized cost of avoided CO2 emissions can be calculated. A summary of

the findings for base load supercritical coal and NGCC plants is presented in Table 1.

Estimates are not shown for IGCC plants. The cost of electricity from these plants is substantially

higher than that from coal plants with post-combustion CCS (EIA, 2013). Additionally, one of their

key advantages – the ability to use lower quality coal – is less relevant in Alberta, which has extensive

good quality bituminous and sub-bituminous resources. While an archetype of this technology was

included in preliminary modelling exercises, results indicated that it is unlikely to be competitive

with other low-carbon generation technologies.



Integrated CO2 Network (2012) and the Alberta Carbon Capture and Storage Development Council

(2009). For post-combustion CCS associated with industrial power generation systems and steam pro-

duction, the Integrated CO2 Network (2012) estimates capture costs to range from $160 to $250/tCO2.

Large capacity boilers and co-generators, on the order of several hundred MWor greater, are likely to

havemuch lower costs than smaller capacity units. Although these costs are for capture only, transport

(IPCC, 2005) and storage (NRCan, 2006) costs represent a small fraction of total costs in Alberta. The

assumed investment discount rates for industrial sectors are 20–30% for process technologies and

50% for auxiliary services like motors; see Nyboer (1997) for a detailed review of the literature on

implicit discount rates revealed by real-world technology acquisition behaviour.

Emerging in situ bitumen extraction technologies also exist that could reduce GHG emissions further

than considered in this analysis, and in some casesmight competewithCCS as an abatement option. For

example, rather than using steam-assisted gravity drainage (SAGD), bitumen could be extracted using

direct-contact steam generation, electrothermal stripping, or warm solvent extraction. Much of the

data about these technologies are proprietary and were not available for use in this article. Additionally,

these technologies are only on the verge of being piloted and better data remain to be generated.

3.3. Declining capital costs
Technological learning describes cost reductions that occur as manufacturers accumulate experience

with a given technology. Such reductions have been observed across a range of applications and are

commonly used in long-term modelling (McDonald & Schrattenholzer, 2001).

Unfortunately, insufficient historic data exist with which to calculate a learning rate for CCS. Esti-

mates have therefore generally been based on observed data for SO2 and NOx pollution control tech-

nologies (IEA GHG, 2006



with capital vintaging, realistic firm and household investment behaviour, and iterative convergence

procedures between energy supply and demand. A brief overviewof CIMS is presented in the following.

For a more detailed description, see Jaccard (2009), Bataille, Jaccard, Nyboer, and Rivers (2006), and

Jaccard, Nyboer, Bataille, and Sadownik (2003).

CIMS simulates the competition of technologies at different energy service nodes in the economy

based on a comparison of technology levelized life-cycle costs (LLCs). CIMS applies a definition of

LLCs that includes intangible costs that reflect consumer and business preferences and the implicit dis-

count rates revealed by real-world technology acquisition behaviour (see Nyboer,



Themodel also includes two functions for simulating endogenous change in individual technology

characteristics in response to policy: (1) a declining capital cost function to represent economies-of-

scale and learning-by-doing that occur in response to cumulative production, and (2) a declining intan-



To represent uncertainty in future policy, firms assume the carbon price in the current five-year



production and consumption. Government clearly follows its announced policy and trading part-

ners are expected to perform similarly.

B Policy path D: Policy uncertainty and international trading. It is not clear that government will follow

its announced policy, and there is general uncertainty from trading partners. Policy stringency is

similar to path C, and the foresight algorithm is used in the same fashion as in path B.

5. Results and discussion

5.1. GHG emissions
In the business-as-usual scenario, Alberta’s GHG emissions reach 353MtCO2e in 2050, representing an

increase of 51% relative to 2005 (see Figure 1). The Autarkic scenarios result in similar levels of emis-

sions by 2050 (113 Mt and 119 Mt), corresponding to a reduction of emissions of about 50% relative

to 2005 levels. However, if firms and consumers do not have confidence that government will

implement and maintain a policy of such stringency (path B), less abatement is achieved in the

short term. In this case, Canada’s 2020 targets are not achieved, despite policy stringency identical

to that in path A, because investment decisions are made without considering future increases in

policy stringency.

In the International Trading scenarios, domestic emissions are substantially higher than both

Autarkic scenarios because of the less stringent policy.When firms and consumers have full confidence

in government policy, emissions in Alberta decrease by 14% in 2050 relative to 2005 levels (path C).

Faced with uncertainty about future policy, emissions are 2% higher in 2050 relative to 2005 (path D).

As simulated, uncertainty in policy direction has a substantive impact on emissions for a given level

of policy stringency, although the difference between the two Autarkic scenarios decreases over time.

This occurs because once carbon prices exceed $100/t, they are high enough to incentivize the

Figure 1 Alberta’s energy-related GHG emissions in each scenario

Policy uncertainty and diffusion of CCS 11
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adoption ofmany low-emissions technologies, including CCS, regardless of confidence in rising future

carbon prices. Nevertheless, the scenarios still exhibit substantial variation in cumulative emissions

abatement, as shown in Table 4.

5.2. CCS
Figure 2 shows the amount of CO2 sequestered in 2020, 2030, and 2050 in each scenario. Note that

actual CO2 avoided due to CCS is lower because of energy efficiency losses, which decreases abatement

by at least 10% relative to total CO2 sequestered.

As expected, both higher policy stringency and certainty lead to greater investment in CCS. In the

near term in 2020, the only scenario to induce substantial abatement in CCS is path A. Due to a com-

bination of less stringent policies and/or lack of confidence in future stringency, the other scenarios

result in much less CCS. Nevertheless, learning-by-doing substantially reduces the capital costs of

CCS in all scenarios. These costs decline by about half in 2050, with costs dropping earlier in the scen-

arios with greater adoption of CCS.

Table 4 Total abatement in Alberta relative to business-as-usual emissions (in Mt CO2e)



The petroleum crude sector accounts for the majority of CCS, followed by the utility electricity (see

Table 5). Other sectors withCCS reduction potential include natural gas, chemicals, petroleum refining,

and othermanufacturing. These sectors account for amuch lower share of CCS potential. An exception
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spite of more than a decade of GHG target and policy announcements from government. With hind-

sight, it appears firms have thus far been accurate in anticipating that future policy stringency will not

be high enough to warrant investment in CCS.

Alberta is a test case for CCS due to its fossil resources and high CO2 storage potential, and the tech-

nology’s failure to proceed beyond pilot projects to date does not seem promising for other regions.

However, the failure of CCS to commercialize is not due to characteristics of the technology alone.

Instead, it points to a disconnect between government targets and the stringency of existing and antici-

pated policies. Investment in CCS, or by extension other costly abatement actions necessary to achieve

climatemitigation targets, will not occur unless governments create a significantlymore stringent and

durable policy environment than currently exists. In other words, the prospects for CCS will remain

uncertain as long as climate policy sufficiently stringent to hit announced targets remains uncertain.
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