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A B S T R A C T   

This paper assesses the range of CO2 transport and storage costs and evaluates their impact on economy-wide 
modeling results of decarbonization pathways. Much analytic work has been dedicated to evaluating the cost 
and performance of various CO2 capture technologies, but less attention has been paid to evaluating the cost of 
CO2 transport and storage. Many integrated assessment modeling studies assume a combined cost for CO2 
transport and storage that is uniform in all regions, commonly estimated at $10/tCO2. Realistically, the cost of 
CO2 transport and storage is not fixed at $10/tCO2 and varies across geographic, geologic, and institutional 
settings. We surveyed the literature to identify key sources of variability in transport and storage costs and 
developed a method to quantify and incorporate these elements into a cost range. We find that onshore pipeline 
transport and storage costs vary from $4 to 45/tCO2 depending on key sources of variability including transport 
distance, scale (i.e. quantity of CO2 transported and stored), monitoring assumptions, reservoir geology, and 
transport cost variability such as pipeline capital costs. Using the MIT Economic Projection and Policy Analysis 
(EPPA) model, we examined the impact of variability in transport and storage costs by applying a range of 
uniform costs in all regions in a future where global temperature rise is limited to 2◦C. We then developed three 
modeling cases where transport and storage costs vary regionally. In these latter cases, global cumulative CO2 
captured and stored through 2100 ranges from 290 to 377 Gt CO2, compared to 425 Gt CO2 when costs are 
assumed to be uniformly $10/t CO2 in all regions. We conclude that the widely used assumption of $10/tCO2 for 
the transport and storage of CO2 is reasonable in some regions, but not in others. Moreover, CCS deployment is 
more sensitive to transport and storage costs in some regions than others, particularly China. More analysis is 
needed to further quantify CO2 transport and storage costs at a regional level.   

1. Introduction 

Deploying carbon capture and storage (CCS) at the scale needed to 
achieve global emissions reduction goals will require buildout of infra
structure to transport and store gigaton-scale levels of CO2. In addition 
to uncertainty (which refers to how unknown or missing data can impact 
the precision of an estimate) there is a high level of variability in 
transport and storage costs – across geologic settings, locations, trans
port and storage technologies, and scales - that is hard to capture in 
macroeconomic models. Many well-documented Integrated Assessment 
Model (IAM) studies combine the cost of CO2 transport and storage into 
a single estimate and report costs below $15 per ton of CO2 (tCO2) for 

most CCS deployment scenarios, and some estimates report costs below 
$5/tCO2 (Herzog, 2011; McCoy and Rubin, 2008; Dahowski et al., 
2011). After reviewing these and other studies, the IPCC Fifth Assess
ment Report (IPCC, 2014) stated that a common assumption for the cost 
of transport and storage of CO2 is $10/tCO2. 

This study’s objectives are to (1) assess the range of CO2 transport 
and storage costs in different regions of the world at a more granular 
level than a fixed cost of $10/tCO2 assumed in many studies; (2) 
consider different options for transportation (pipelines, shipping) and 
project networks (clustering), and (3) evaluate the impact of transport 
and storage costs on economy-wide modeling results of decarbonization 
pathways that include the CCS option. 
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One of the most impactful cost analyses published in recent years is 
Rubin et al. (2015), which summarized CO2 transport and storage costs 
from several key studies and adjusted these estimates to a common basis 
for accurate comparison (IPCC, 2005; ZEP, 2011a; ZEP 2011b; GCCSI, 
2011; Michael L USDOE, 2014a; USDOE, 2014b). In doing this work, 
Rubin et al. (2015) stressed the challenge of comparing cost estimates 
across studies because of inconsistent documentation of key metrics and 
underlying assumptions. In addition, we surveyed several 
well-documented estimates of CO2 transport and storage cost have been 
released after Rubin et al. (2015) (IEA, 2020; USDOE, 2017, 2018; 
Grant et al., 2017; NPC, 2019; Abramson et al., 2020; Pale Blue Dot, 
2016). Generally, there is still a great deal of variability and ambiguity 
in the literature in documenting key CO2 transport and storage cost 
metrics, which makes comparison across studies difficult as Rubin et al. 
(2015) warned. 

Different studies vary in their treatment and documentation of 
inflation rates and whether costs are reported in constant or current 
dollars (which exclude or include the effects of inflation, respectively). 
There is also variation in the year of currency used, and it is not always 
transparent what method or index is used to escalate costs to a particular 
year. Moreover, transport and storage costs are typically reported using 
one of several common metrics, each of which measures something 
different. Common metrics include: i) cost of CO2 avoided ($/tCO2), 
which includes the total cost of CO2 captured and stored and can only be 
reported as part of a complete CCS system; ii) levelized cost of transport 
or storage ($/tCO2), which measures the cost of transport or storage 
amortized over the life of the project; and iii) unitary transport cost per 
unit of distance or quantity transported. 

Many studies also obscure the system boundary between CO2 capture 
and transport, and between CO2 transport and storage. This makes it 
difficult to accurately assess the magnitude of transport and storage 
costs individually. For instance, CO2 conditioning is required to 
compress CO2 prior to pipeline transport and studies vary in whether 
CO2 conditioning is included as part of the capture or transport cost, and 
some studies do not distinguish this at all. There are also several 
important project assumptions – such as overall CO2 quantity being 
transported or stored, time horizon of the project, utilization rate, etc. - 
that can have a sizeable impact on cost estimates but which are incon
sistently documented across the literature. Finally, there is regional 
variation in the cost of capital, labor, materials, and other inputs that 
impact transport and storage cost assessments documented in a partic
ular geography, as well as different regulatory structures incentivizing 
or disincentivizing parts of the CCS value chain. 

Awareness of the above factors is critical for accurate comparison of 
CO2 transport and storage costs across studies, though it is important to 
remember that different studies report CCS cost estimates with different 
objectives, scopes, and audiences in mind. Since there is often a tradeoff 
in detail vs. scope in many modeling analyses, it is important to identify 
the central question or objective in order to identify the appropriate 
analytical tool and interpret results accordingly. Bottom-up studies in 
the literature tend to report transport and storage costs tailored to a 
particular project or geography and are often focused on generating 
accurate, detailed cost estimates for a specific CCS scheme in a given 
region. By contrast, top-down studies typically seek to capture large- 
scale macroeconomic trends broadly to inform policy and decision
makers – these are typically the type of studies that employ IAMs or 
other macroeconomic models as an analytical tool. Our objective is to 
understand future decarbonization pathways that include CCS and the 
policy implications they present by characterizing CO2 transport and 
storage costs in more detail than is currently assumed in many studies, 
such as those that use a uniform fixed cost of $10/tCO2 for transport and 
storage (IPCC, 2014; Rubin et al., 2015; IEAGHG, 2017; Morris et al., 
2019). 

2. CO2 transport 

2.1. Transport options 

CO2 pipelines are a mature technology and have been widely used 
globally for decades, with over 5000 miles of CO2 pipelines in the United 
States in 2017 (Righetti, 2017). CO2 pipelines in the United States are 
used primarily to transport CO2 to oil fields for use in enhanced oil re
covery. Data for the cost of transporting different quantities of CO2 are 
limited, but natural gas pipelines are a useful analog by which to un
derstand the cost components and variability underpinning CO2 pipe
lines. Both depend largely on pipeline diameter and distance and differ 
little in land construction costs, though CO2 pipelines may cost slightly 
more due to greater pipe thickness needed to transport CO2 at higher 
pressure (Heddle et al., 2003). The feasibility of repurposing natural gas 
pipelines for CO2 transport is not practical for transporting large quan
tities of CO2 (e.g., 20 Mtpa) over long distances (100 miles or more). 
This is because CO2 requires a higher pressure than natural gas to be 
kept in a liquid state for pipeline transport, and thus thicker pipelines are 
generally needed (NPC, 2019). Offshore pipelines exhibit many of the 
same cost components and variability as onshore pipelines but tend to be 
more expensive due to the more complicated offshore equipment 
required for construction on the ocean floor. 

Shipping is a mature technology for liquefied natural gas (LNG) and 
liquefied petroleum gas (LPG) but is not widely used for CO2 transport 
today. LPG tankers are a closer analog for CO2 transport via ship than 
LNG tankers because liquefied CO2 must be transported at elevated 
pressures like LPG, whereas LNG is transported at atmospheric pressure. 
LPG tankers can be repurposed for CO2 or dual-purpose transport, but in 
general, tankers specifically designed for CO2 transport can be better 
optimized for maximum capacity and investment cost (IEAGHG, 2020). 

CO2 can be transported via train or truck and may be economic over 
short distances and small CO2 quantities (Sanchez et al., 2018; Psarras 
et al., 2020). While rail and truck transport may be important for 
small-scale transport in the early years of CCS expansion, it is not ex
pected to play a major role in large-scale rollout of CCS. Pipelines and 
ships are expected to be much more cost effective in transporting 
megatons of CO2 per year (Mtpa) due to economies of scale (NPC, 2019). 

2.2. Current status of CO2 transport costs 

CO2 transport costs vary due to transport method (i.e. pipelines vs. 
ships); whether CO2 is transported onshore or offshore; scale (quantityof 
CO2 transported); distance to CO2 storage; regional variation; and the 
CO2 source and whether or to what degree it is pressurized or purified 
prior to transport. Pipelines are generally the most cost-effective CO2 
transport option in most regions, though shipping can be cost effective 
for transporting CO2 over long distances. 

Shared CO2 transport networks have significant potential to reduce 
costs through economies of scale (Pale Blue Dot, 2016; Friedmann et al., 
2020). The cost and feasibility of CO2 transport networks varies 
regionally and is interdependent with the development of CO2 source 
clusters and storage hubs. There are several promising locations for CCS 
clusters and hubs globally that are being pursued that could facilitate a 
shared transport infrastructure, particularly in the United States, 
Europe, and China (IEA, 2020). In the United States, much analytic work 
has been dedicated to exploring potential trunk line networks and routes 
in the U.S. midcontinent and gulf coast, in addition to movement on 
federal legislation that would fast-track permitting for CO2 pipelines 
(Abramson et al., 2020). Relatedly, in October 2019 amendments to the 
London Protocol were ratified by a sufficient number of participating 
parties that would allow onshore cross-border transport of CO2 in 
Europe, which previously had faced regulatory hurdles (IEAGHG, 2020). 

Several regions are investigating in CO2 shipping for future scaled-up 
CCS operations, most notably the Northern Lights Project in Europe and 
JGC Corporation in Japan. The Northern Lights Project initially expects 
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to transport up to 1.5 Mtpa CO2 captured from two industrial plants in 
Norway by ship to temporary onshore storage, after which it will be 
transported by offshore pipeline for permanent storage in geologic for
mations in the North Sea. Eventually, the project envisions transporting 
CO2 by ship from CCS hubs across Europe, with a targeted scale of 5 
Mtpa CO2 by 2030. In Japan, most CO2 storage reservoirs are offshore 
and the JGC Corporation is wrapping up its demonstration phase for 
offshore CO2 transport and storage in 2020, with projections to reuse 
existing offshore oil and gas infrastructure (JGC, 2019). 

Because shipping is not widely used for CO2 transport, we relied on 
published estimates of shipping costs for our analysis. IEAGHG (2020) 
estimates CO2 shipping costs for four scenarios in Europe and reports a 
similar cost range as the Northern Lights Project. However, these esti
mates do not include the cost of CO2 injection, leaving a degree of un
certainty with regard to the total cost. For this reason, we assume 
shipping costs reported by Northern Lights Project, which has a targeted 
combined cost range of €30–55/tCO2 for CO2 transport and storage by 
2030 (Northern Lights Project, 2020). 

2.3. CO2 transport cost range 

This section explains our method for calculating the CO2 transport 
cost range for onshore CO2 pipelines in the United States and how this 
range can be used to estimate costs for offshore pipelines and pipeline 
networks. For our analysis, we assume a pure stream of CO2 that is 
compressed prior to transport. There are three key sources of variability 
in CO2 transport cost estimates: 1) distance, 2) scale (i.e., quantityof CO2 
transported), and 3) underlying transport cost assumptions, particularly 
pipeline capital costs. 

To explore the variability in CO2 pipeline costs we used a variety of 
models, most notably Heddle et al. (2003), the NETL CO2 Transport Cost 
Model (USDOE, 2018), and NPC (2019). Heddle et al. (2003) employs a 
pipeline capital cost factor in dollars per inch per mile. The inch refers to 
pipeline diameter and the mile refers to pipeline length. Pipeline con
struction costs include materials, labor, rights of way, and other 
miscellaneous costs (e.g. surveys, engineering, supervision, contin
gencies, etc.). CO2 pipelines have been a mature technology for decades 
and after comparison with recent models like USDOE (2018) – which 

references Heddle et al. (2003) in its approach and also uses capital cost 
factors - we concluded Heddle et al. (2003)’s method to be simple, ac
curate, and consistent in estimating CO2 transport costs in dollars per 
ton ($/tCO2) for a given CO2 flow rate and distance. 

Heddle et al. (2003) used natural gas pipelines as an analog for 
estimating the cost of CO2 transport via pipeline. Both face similar 
construction costs that are sensitive to distance and scale, though CO2 
pipelines may cost slightly more due to greater pipeline thickness 
needed for transporting CO2 at higher pressures. Heddle et al. (2003) 
leveraged industry data on natural gas pipelines from 1989 to 1998 to 
chart the relationship between average CO2 pipeline construction cost 
(in $/mile) as a function of CO2 flow rate. Pipeline diameter depends on 
the CO2 flow rate, so we were able to translate this into a relationship of 
average CO2 pipeline construction cost (in $/mile) versus pipeline 
diameter. 

We escalated costs from Heddle et al. (2003) to current 2019 dollars 
according to the Producer Price Index (PPI) normalized to 100 in the 
year 2000 (U.S. Bureau of Labor Statistics, 2020). Rubin et al. (2015) 
escalated transport and storage costs according to the Chemical Engi
neering Plant Cost Index (CEPCI) because these services are typically 
provided to power plants by organizations from the oil and gas industry. 
We opted to use the PPI because it tracked closely with CEPCI, which is 
no longer open source. We then followed Heddle’s approach by using 
linear regression on mean pipeline construction costs (in $/mile) for a 
given pipeline diameter to calculate a capital cost factor of $52, 
892/in-mi for onshore CO2 pipelines. We then built low and high capital 
cost factor estimates by using linear regression on pipeline construction 
costs (in $/mile) for a given pipeline diameter two standard deviations 
above and below the mean, yielding a range of $18,195/in-mi to $87, 
588/in-mi reported in Table 1. These capital cost factors include pipe
line construction costs only - O&M costs were added separately as an 
O&M cost factor in dollars per year per mile ($/yr/mi). USDOE (2018) 
used O&M cost factors from Heddle et al. (2003). Finally, following 
Heddle et al. (2003)’s approach, we annualized construction costs using 
a capital charge rate of 15% per year and added this to the annual O&M 
cost. From there we were able to estimate the total cost of transporting 
any CO2 quantity any distance (Fig. 1). 

USDOE (2018) documents mean and high capital cost factors similar 
to the range we calculated using Heddle et al. (2003)’s approach. 
USDOE (2018) low, mean, and high values in Table 1 reflect capital cost 
factors based on a 100 mile 12-inch diameter pipeline and are calculated 
using three equations from Rui, McCoy, and Parker, respectively. All 
three equations use pipeline capital costs reported in O&GJ (1989), 
encompass the same cost components outlined in Appendix B, and 
calculate capital cost factors as a function of pipeline length and diam
eter. Grant et al. (2017) used Parker’s equation (which corresponds to 
the high estimate listed in Table 1 for USDOE (2018)) to be conservative 
and err on the side of over-estimating CO2 transport costs. NPC (2019) 
documents higher capital cost factors ranging from $80,000/in-mi to 
$150,000/in-mi across four major U.S. regions. Their mean value in 
Table 1 reflects the midpoint of this range. However, NPC (2019) reports 
a high range of $100,000/in-mi for three likely trunk line routes in the 
United States. Our calculated mean and high capital cost factors of $52, 
892 and $87,588, respectively, are similar to the mean and high capital 
cost factors documented in USDOE (2018) and those of likely U.S. trunk 
line routes reported in NPC (2019). 

Offshore pipelines exhibit many of the same cost components and 
variability as onshore pipelines but tend to be more expensive. By 
contrast, pipeline networks are generally assumed to be less expensive 
due to infrastructure sharing and economies of scale. For simplicity, we 
assume multipliers of onshore pipeline costs to estimate higher-cost 
offshore pipelines and lower-cost pipeline networks based on figures 
reported in the literature. Some studies suggest offshore pipelines can 
cost 50 to 100% more than onshore pipelines (CO2Europipe, 2011) 
while pipeline networks can reduce costs up to 75% (Zapantis et al., 
2019). 

Table 1 
Capital cost factor range for onshore CO2 pipelines in current 2019$/in-mi.  

Source Low Mean High 

Heddle et al. (2003) $18,195 $52,892 $87,588 
USDOE (2018) $40,052 $51,581 $83,881 
NPC (2019) $80,000 $115,000 $150,000  

Fig. 1. Total CO2 transport costs for a 100-mile onshore pipeline in the United 
States in 2019 current dollars. Low and high cost range reflect two standard 
deviations away from the mean and are based on the capital cost factors 
updated from Heddle et al. (2003) as visible in Table 1. 
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Shipping is not widely employed today for CO2 transport but is 
seriously being considered for future use as CCS scales up in Europe and 
Japan. We assume shipping costs based on current figures from the 
Northern Lights Project, which targets CO2 transport and storage costs of 
30 to 55€/tCO2 ($35 to $64/tCO2 USD) by 2030 for 5 Mtpa CO2. 

3. CO2 storage 

3.1. Storage options 

The vast majority of CO2 storage potential worldwide is in onshore 
and offshore saline aquifers (USGS, 2013). The cost of CO2 storage is 
very site dependent because geologic characteristics vary from site to 
site and injection, labor, drilling, capital, and other costs vary region
ally. Similar to offshore pipelines, offshore CO2 storage is generally more 
expensive than onshore storage. For CO2 storage in saline aquifers, 
various types of wells must be drilled (exploration, injection, and 
monitoring) which comprise a large share of the overall storage cost. 
The number of wells that must be drilled hinges on the scale of the 
project and a handful of key geologic parameters discussed in Section 
3.2. In addition, many published CO2 storage cost estimates of saline 
aquifers do not consider the cost of extracting, processing, and disposing 
of formation fluid to make way for injected CO2, which is particularly an 
issue in closed onshore saline formations (Anderson et al., 2019). Such 
closed formations that require active pressure management present a 
tradeoff between CO2 storage capacity and storage cost. 

The same geologic parameters that shape the number of wells that 
must be drilled to inject a given quantityof CO2 in saline aquifers also 
impact depleted oil and gas fields. Previous studies have suggested the 
cost of CO2 storage in depleted oil and gas fields is lower than in saline 
aquifers because the oil and gas fields have already been surveyed and 
offer the potential to reuse existing infrastructure (ZEP, 2011a). How
ever, uncertainty and costs associated with verifying infrastructure 
integrity and repurposing it for CCS applications may negate any cost 
savings, or it can increase the risk of CO2 leakage through existing wells 
and thus require more monitoring, which also raises costs. These 
competing factors prevent us from distinguishing the difference in 
storage costs between saline aquifers and depleted oil and gas fields; 
therefore, in this study we approximate them as being the same. 

Other geologic formations have potential to store CO2. Unmineable 
coal seams have been investigated, but many questions still remain 
about whether they are a practical storage medium. Formations that are 
in the early stage of study include shale formations, basalt formations 
where CO2 crystallizes into solid carbonate minerals (e.g., active project 
in Iceland (Gunnarsson et al., 2018)), and shallow offshore sedimentary 
formations. These alternative storage formations are outside the scope of 
this study. 

3.2. Current status of CO2 storage costs 

CO2 storage costs hinge on three major sources of variability: 1) 
geologic characteristics; 2) scale (i.e., amount of CO2 stored); and 3) 
monitoring, financial, and other modeling assumptions. A handful of 
geologic parameters are primary determinants of whether a reservoir is 
favorable for CO2 storage: permeability, thickness, depth, porosity, and 
lateral continuity (Michael L USDOE, 2014a; USDOE, 2017). These 
features dictate how much total CO2 can be stored in a reservoir, the 
number of wells that must be drilled, and the degree to which pressure 
buildup must be managed, which adds extra costs. Some estimates 
suggest the cost of pressure management could double CO2 storage costs 
(Anderson, 2017). Reservoirs with the lowest storage costs are perme
able and thick, while reservoir depth can impact the cost of drilling 
injection and monitoring wells. The cost to drill injection and moni
toring wells varies regionally and CO2 storage costs are quite sensitive to 
assumptions around the number of injection and monitoring wells 
required. 

Regulatory regimes and financial assumptions also impact the cost of 
CO2 storage. In the United States, the 2018 expansion of the 45Q tax 
credit is expected to stimulate billions of dollars of investment in CCS by 
providing financial incentives for CO2 stored permanently in saline 
reservoirs or via enhanced oil recovery (Bennett and Stanley, 2018). 
Different jurisdictions have different requirements regarding long-term 
liability of CO2 storage and how long secure geologic storage must be 
monitored; for example, United States federal and California state pro
tocols differ. This has the potential to raise storage costs and is not 
modeled in many studies, with the 2017 NETL CO2 Saline Storage Cost 
Model (USDOE, 2017) being a notable exception. Relatedly, just as U.S. 
landowners receive royalty payments for oil and gas produced on their 
property, in the presence of a price on carbon or other CO2 storage tax 
credits, it is unclear if or how royalty payments on stored CO2 would be 
implemented and how this might impact CO2 storage costs. 

CO2 storage costs typically decline as the scale of a storage project 
increases. As CCS deployment ramps up, CCS hubs - which are industrial 
centers that leverage a shared CO2 transport and storage infrastructure – 
are expected to develop and reduce CO2 transport and storage costs 
through economies of scale. Since 2017, investment plans have been 
announced for several potential CCS hubs, including five in the United 
States, four in China, and 12 across Europe (IEA, 2020). These dynamics 
are important to keep in mind when representing CO2 storage costs in 
energy economic models and understanding their impact on decarbon
ization pathways. 

3.3. CO2 storage cost range 

This section explains our method for calculating CO2 storage costs for 
saline aquifers and depleted oil and gas fields in the United States. As 
discussed in Section 3.1, we assume storage costs are the same for saline 
aquifers and depleted oil and gas fields. 

There are three key sources of variability in CO2 storage cost esti
mates: 1) geologic characteristics, 2) scale, and 3) model assumptions 
regarding monitoring, finance, etc. Permeability, thickness, depth, 
porosity, and lateral continuity are among the geologic features most 
impactful in determining reservoir suitability for CO2 storage. These 
parameters determine the total volume of CO2 that can be injected into a 
reservoir (a matter of scale) as well as the maximum rate of CO2 injec
tion per injection well which, by extension, determines the number of 
injection wells required. In general, thick, permeable formations are 
optimal because they can store more total CO2 and require fewer in
jection wells. Some studies including NPC (2019) assume a certain ratio 
of monitoring wells per injection well, as well as assumptions about 
finance costs. We explored several models with various strengths and 
limitations in capturing these key sources of variability. 

• Heddle et al. (2003). Heddle’s model captures several geologic pa
rameters in great detail including their impact on CO2 injection rate 
per well and required number of injection wells. However, the costs 
underpinning this model reflect outdated drilling technology that we 
concluded was not suitable for our analysis.  

• IECM (2015). IECM is an open source model maintained by Carnegie 
Mellon University under contract to the US Department of Energy 
that allows users to adjust a variety of geologic parameters and 
modeling assumptions for various regions in the United States to 
calculate an overall cost of CO2 storage.  

• USDOE (2017). NETL manages the CO2 Saline Storage Cost Model, a 
large, open source model with detailed geologic monitoring capa
bilities that was last updated in 2017. Grant et al. (2017) used this 
model to report CO2 storage costs for 4 U.S. formations with a range 
of geologic properties. By default, USDOE (2017) assumes a flat cap 
on the CO2 injection rate per well and rigorous monitoring re
quirements. For these reasons, we believe this model reports esti
mates on the high end of the CO2 storage cost range. 
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• NPC (2019). Uses a modified version of USDOE (2017) that reduces 
the ratio of monitoring wells per injection well, reduces the number 

of 3D seismic studies, and focuses on the lowest cost (<$15–20/t 
depending on region) storage formations. The study calculated CO2 
storage costs using volume-weighted averages across several U.S. 
regions, reporting a national average CO2 storage cost of $8/tCO2. 

For our analysis, we used a modified version of USDOE (2017) in line 
with NPC (2019) assumptions because 1) the USDOE (2017) and IECM 
(2015) models were similar in methodology and produced similar esti
mates of storage cost and number of injection and monitoring wells, and 
2) to be consistent with NPC (2019), which we assess to be the most 
accurate reported estimate of CO2 storage costs, as well as the most 
recent. Below, we outline our approach to quantifying the three key 
elements of variability in CO2 storage costs. 

We selected 13 U.S. reservoirs with a range of reservoir properties to 
serve as a proxy for geologic variability that storage project developers 
are likely to encounter globally (Table 2). Eleven of these reservoirs are 
from Michael L Szulczewski et al. (2012) and two from the Grant et al. 
(2017). These reservoirs have a combined CO2 storage capacity of 360 
Gt out of an estimated 500 to 4000 Gt of onshore storage capacity in the 
United States (Kearns et al., 2017). We used permeability, thickness, and 
depth values reported in Michael L Szulczewski et al. (2012) and Grant 
et al. (2017). For reservoir pressure we assumed hydrostatic pressure, 
which is a function of depth. The rest of the parameters were from the 
USDOE (2017) database. Where a particular reservoir was not included 
in the USDOE (2017) database, we used the closest analog in the same 
basin or region. The reservoirs in Table 2 are ranked in order from most 
to least favorable as determined by the product of permeability and 
thickness. 

• 1 Mtpa - roughly equivalent to one demonstration-scale CO2 trans
port and storage project.  

• 3.2 Mtpa – reflects a handful of CO2 transport and storage projects 
and is the same scale used in Grant et al. (2017) and NPC (2019).  

• 6 Mtpa - reflects moderate levels of CCS deployment and is roughly 
twice the level assumed in Grant et al. (2017) and NPC (2019), and is 
slightly higher than the Northern Lights Project target of 5 Mtpa CO2.  

• 15 Mtpa - reflects large-scale rollout of CCS encompassing numerous 
CO2 clusters, hubs, and shared transport networks globally. 

One quirk of the USDOE (2017) model is that it capped cumulative 
CO2 injected into each reservoir at levels significantly below 15 Mtpa 
CO2. As a result, we extrapolated our storage costs for 15 Mtpa by 
calculating the cost difference per MtCO2 between 1 and 3.2 Mtpa CO2, 
and 3.2 and 6 Mtpa CO2, to approximate a rate of cost decline with scale 
for each reservoir. We applied this rate of cost decline to estimate CO2 
storage costs for 15 Mtpa CO2. 

By default, USDOE (2017) assumes stringent monitoring re
quirements that we determined to reflect the high end of the CO2 storage 
cost range and which we refer to as “extra” monitoring assumptions. For 
our analysis, we reduced the monitoring and finance assumptions in 
USDOE (2017) to be in line with those used in NPC (2019) by adjusting 
the ratio of monitoring to injection wells from 9:1 to 2:1; reducing the 
number of 3D seismic studies from 16 to 6; and assuming self-insurance 
rather than a trust fund for debt financing. We then used the model to 
calculate the per-ton cost for four different CO2 injection rates in 13 
reservoirs under two sets of monitoring assumptions which we refer to as 
“base” monitoring assumptions (e.g. NPC (2019) assumptions) and 
“extra” monitoring assumptions (e.g. USDOE (2017) default 
assumptions). 

We calculated the mean and standard deviation in CO2 storage costs 
across the 13 reservoirs in Table 2, weighted by storage capacity, for 
four CO2 rates and under both sets of monitoring and finance assump
tions. The USDOE (2017) model did not solve for two of the smallest and 
least desirable reservoirs (St. Peter and Paluxy), so these costs were 
excluded from the mean and standard deviation calculations. 

After calculating the mean and standard deviation in storage cost for 

Table 2 
Reservoir Properties from Michael L Szulczewski et al. (2012) and Grant et al. 
(2017).  

Formation Permeability 
(mD) * Thickness 
(m) 

Depth 
(m) 

Mean Storage 
Capacity (Gt 
CO2) 

Storage Capacity 
Standard 
Deviation (Gt 
CO2) 

Potomac 1,200,000 1,000 4 2 
Frio 800,000 1,000 18 8 
Woodbine* 106,680 1,676 24  
Black 

Warrior 
River 

100,000 1,000 31 12 

Mt. Simon 40,000 2,000 88 27 
Madison 36,000 3,000 5 2 
Fox Hills 20,000 1,000 6 2 
Navajo- 

Nugget 
20,000 3,000 5 2 

Morrison 14,000 2,000 17 5 
Red River* 6,300 2,743 72  
Paluxy 4,500 2,000 2 0.5 
Cedar Keys 4,000 2,000 87 22 
St. Peter 2,000 2,000 1.6 0.4 

Using the USDOE (2017) model with the parameter values described above, we 
calculated the CO2 storage cost for all 13 reservoirs in Table 2 for four different 
scales of CO2 transport and storage projects (in Mtpa) to reflect varying levels of 
CCS deployment. 

Table 3 
U.S. storage cost range (2019$/tCO2) under base monitoring assumptions.  

Rate Mtpa CO2 Low Mean High 

1 $9.74 $16.47 $23.20 
3.2 $5.25 $8.00 $10.75 
6 $4.36 $6.73 $9.09 
15 $4.05 $6.24 $8.44  

Table 4 
U.S storage cost range (2019$/tCO2.) under extra monitoring assumptions.  

Rate Mtpa 
CO2 

Mean Mean with Extra 
Monitoring 

Extra Monitoring-Only 
Costs 

1 $16.47 $28.14 $11.67 
3.2 $8.00 $15.14 $7.14 
6 $6.73 $12.67 $5.95 
15 $6.24 $11.49 $5.25  

Fig. 2. U.S. CO2 storage cost range in current 2019$/tCO2.  

E. Smith et al.                                                                                                                                                                                                                                   



International Journal of Greenhouse Gas Control 109 (2021) 103367

6

each CO2 rate, we used the national average cost estimate of $8/tCO2 to 
store 3.2 Mtpa CO2 reported in NPC (2019) as the anchor for calculating 
our storage cost range. We did this by calculating a ratio between the 
NPC (2019) and our mean capacity-weighted storage cost for 3.2 Mtpa 
CO2 under base monitoring assumptions, resulting in a ratio of 1.36. We 
then applied this ratio to our mean capacity-weighted storage costs for 1 
and 6 Mtpa CO2 to bring our estimated cost for each CO2 rate in line with 
NPC (2019). As discussed above, we then calculated the costs for 15 
Mtpa by extrapolation. Finally, similar to our CO2 transport cost range, 
we applied two standard deviations below and above our NPC-adjusted, 
capacity-weighted mean storage cost to calculate our low- and high-cost 
range for each CO2 rate under base monitoring assumptions (Table 3). 
See Appendix A for more detail on our calculations. 

Next, we examined CO2 storage costs under extra monitoring as
sumptions. We applied the ratio of 1.36 directly to the capacity- 
weighted mean cost we calculated under USDOE (2017) default moni
toring assumptions to adjust them in line with the NPC figures (Table 4). 

See Appendix A for more detail on our calculations. As can be seen in 
Fig. 2, CO2 storage cost declines rapidly with scale and then level off 
after about 5–6 Mtpa. 

4. Combined CO2 transport and storage cost range 

Once we calculated the CO2 transport and storage cost ranges sepa
rately, we compiled them into a combined CO2 transport and storage 
cost range. It is important to flag that these costs are reflective of 
onshore CO2 pipeline transport and onshore geologic storage (in saline 
aquifers and depleted oil and gas fields) in the United States. We explore 
applying these costs to other regions in the next section. 

Our estimates capture five key sources of variability impacting 
transport and storage costs as discussed in Sections 2.3 and 3.3, and 
listed in order from largest to smallest impact on combined transport 
and storage costs: 1) transport distance, 2) scale (i.e. quantity of CO2 
transported and stored), 3) extra monitoring assumptions, 4) geologic 
variability, and 5) transport variability. Fig. 3 shows the sensitivity 
range of CO2 transport and storage costs for each of these sources of 
variability. See Appendix B for summary of T + S cost components. 

Table 5 shows the cost of CO2 transport and storage for various 

Fig. 3. Sensitivity of CO2 transport, storage and monitoring costs around the 
base case of 3.2 Mtpa CO2 being transported 100 miles. 

Table 5 
CO2 transport and storage costs in current 2019$/tCO2 for various combinations 
of scale, transport distance, and monitoring assumptions in the United States.  

CO2 Scale and Distance Low Mean High High (with extra monitoring) 

1 Mtpa, 0 miles $9.7 $16.5 $23.2 $34.9 
1 Mtpa, 100 miles $12.6 $23.3 $34.0 $45.7 
1 Mtpa, 500 miles $24.1 $50.6 $77.2 $88.9 
3.2 Mtpa, 0 miles $5.3 $8.0 $10.7 $17.9 
3.2 Mtpa, 100 miles $6.5 $11.2 $15.9 $23.1 
3.2 Mtpa, 500 miles $11.6 $24.1 $36.6 $43.8 
6 Mtpa, 0 miles $4.4 $6.7 $9.1 $15.0 
6 Mtpa, 100 miles $5.2 $9.0 $12.7 $18.6 
6 Mtpa, 500 miles $8.7 $17.9 $27.1 $33.0 
15 Mtpa, 0 miles $4.0 $6.2 $8.4 $13.7 
15 Mtpa, 100 miles $4.5 $7.4 $10.4 $15.6 
15 Mtpa, 500 miles $6.3 $12.2 $18.2 $23.4  

Table 6 
Definition of the CO2 transport and storage modeling cost cases.   

Scale 
Mtpa 
CO2 

Transport 
Distance 
(miles) 

Regional 
Variation? 

T + S Cost ($/tCO2) 

Reference 
Case 

N/A N/A No $10 

Base Case 3.2 100 Yes Table 7 
CCS 

Networks 
& Clusters 

15 100 Yes Appendix D 

Low Cost EU 3.2 100 Yes Same as Base Case but 
EU assigned to 
Medium cost tier – see 
Table 7  

Table 7 
Regional inputs for CO2 transport and storage costs for the Base Case. Costs are 
in current 2019$/tCO2.   

Tier 1 - Low 
Cost 

Tier 2 - Medium 
Cost 

Tier 3 - High 
Cost 

Tier 4 - 
Shipping 
Cost 

Transport 
Cost 
($/tCO2) 

$3.22 $5.17 N/A N/A 

Storage Cost 
($/tCO2) 

$8.00 $10.75 N/A N/A 

Total Cost 
($/tCO2) 

$11.22 $15.92 $25.86 $35.8 

Assumptions Mean value 
for 3.2 Mtpa 
CO2, 100 
miles from  
Table 5 

High value for 
3.2 Mtpa CO2, 
100 miles from  
Table 5 

Midpoint 
between 
Medium Cost 
and Shipping 
tiers 

Northern 
Lights 
Project, 
Low Range 

EPPA 
Regions 

USA; Middle 
East; Russia; 
Canada; 
Mexico 

China; Australia; 
Brazil; Indonesia; 
Other Latin 
America; Other 
Eurasia; 
Dynamic Asia; 
Other East Asia 

Africa; India Europe; 
Japan; 
Korea  

Fig. 4. Cumulative global CO2 captured and stored (2020–2100) under a sce
nario that limits warming to 2 ◦C. Points reflect cases where transport and 
storage costs are uniform in all regions (Reference Case is reflected by the 
square; our cost range of $4 to $45/tCO2 is reflected by x’s). Vertical lines 
reflect cases where transport and storage costs vary by EPPA region. 
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combinations of scale, transport distance, monitoring requirements, and 
low and high cost assumptions. For our modeling exercise, we identified 
three transport distances (0, 100, and 500 miles) reflecting various as
sumptions about how far CO2 must be transported from the point of 
capture to a secure geologic reservoir. The overall CO2 transport and 
storage cost ranges from a low of $4/tCO2 to a high of $88.9/tCO2. Note 
that the $88.9/tCO2 is incurred for transporting a very small amount of 
CO2 (1 Mtpa) over a long distance (500 miles) and assumes extra 
monitoring requirements for CO2 storage. Such a project would not 
likely be developed. A cost of $45/tCO2 is a more reasonable high bound 
because this reflects transport and storage projects of more realistic 
scope (1 Mtpa CO2 over 100 miles, or 3.2 Mtpa CO2 over 500 miles). 

5. Modeling cases 

Our modeling cases are summarized in Table 6. These cases were 
assessed using the MIT Economic Projection and Policy Analysis (EPPA) 
model but could be applied to other integrated assessment models. 
Because many analyses used in IAMs like EPPA assume a fixed CO2 
transport and storage cost of $10/tCO2 for all regions, regardless of the 
underlying quantity of CO2 being transported and stored and other un
derlying assumptions, we called this our reference case. 

As described in the previous section, our Base Case uses a cost of 
$11.2/tCO2 for transporting 3.2 Mtpa of CO2 100 miles for onshore 
storage in the United States. To complete the base case, we then assign 
the remaining 17 EPPA regions to one of four cost tiers: low, medium, 
and high cost assumptions for onshore CO2 pipeline transport and 
storage, and one tier assuming shipping and offshore storage. Because 
the United States has multiple active CCS projects, is an oil and gas 
producer, has a low cost of capital, and has a large CO2 storage capacity, 
we assumed the U.S. Base Case cost of $11.2/tCO2 reflects the low end of 
the CO2 transport and storage cost range. 

To assign the EPPA regions into cost tiers, we first separated regions 
we believe would use CO2 shipping: Europe, Japan, and Korea. We 
ranked the remaining 14 EPPA regions based on 1) 2015 oil and gas 

production, 2) cost of capital, 3) available years of CO2 storage, and 4) 
maturity and extent of oil and gas infrastructure (see Appendix D). We 
expect these three factors are useful proxies for the cost of transporting 
and storing CO2 in each region. This method was useful but had limi
tations because it indicated some regions were favorable that we expect 
to have high transport and storage costs, and vice versa. This approach 
was still useful in guiding our sorting and we qualitatively sorted each 
EPPA region into tiers outlined in Table 7. As mentioned above, the low- 
cost tier uses the U.S. base case cost. The medium-cost tier uses the high 
cost assumptions for transporting 3.2 Mtpa CO2 over 100 miles for 
storage without extra monitoring (see Table 5). The high cost tier is the 
midpoint between the medium-cost and shipping tiers. 

We examined two additional modeling cases, one that assumes low 
transport and storage costs from economies of scale of CCS networks and 
clusters (see Appendix D), and another that assumes Europe has Medium 
Cost transport and storage costs. The latter case is identical to the base 
case, except Europe is assigned to Tier 2 instead of Tier 4. 

6. Results and discussion 

Using the EPPA model, we examined the impact of transport and 
storage cost variability under a carbon constrained future when global 
temperature rise is limited to 2 ◦C by applying an escalating, globally 
uniform, price of carbon emissions as did Morris et al. (2020). The re
sults are shown in Fig. 4. Table 8 shows details for four key regions, one 
from each of the cost tiers defined in Table 7. 

We first ran a series of “uniform cost” cases where transport and 
storage costs were fixed in all regions ranging from $0 to $90/tCO2, 
including the previous “reference case” assumption of $10/tCO2. These 
are shown by the dots in Fig. 4, with the Reference Case indicated by a 
black square. The Reference Case results in 425 Gt CO2 captured and 
stored cumulatively by 2100 – identical to the level found in Morris 
et al. (2020). The values corresponding to our range of variability of cost 
of $4 to $45/tCO2 from Section 4 are 513 to 65 Gt CO2, respectively. 

Under our Base Case assumptions outlined in Table 7, 290 Gt CO2 is 
captured and stored cumulatively by 2100 - a reduction of 32% from the 
Reference Case (see Table 8). Europe faces the highest transport and 
storage costs in the Base Case of ~$35/tCO2 because it is assumed to 
employ shipping and offshore storage. This is much higher than $10/ 
tCO2 assumed in the Reference Case and reduces cumulative CO2 
captured and stored in Europe from 16 to 6 Gt CO2 by 2100 (a reduction 
of over 60%). Large-scale ramp-up of natural gas plants equipped with 
CCS is delayed in Europe until 2070 (see Fig. 5), reducing cumulative 
electricity generated from these sources by over 50% compared to the 
reference case. India is in the next highest cost tier of ~$25.86/tCO2 
and, under a 2 ◦C scenario, witnesses a 27% increase in nuclear power 
generation and a 16% reduction in power generation from coal with CCS 
due to higher transport and storage costs than in the reference case. This 
is accompanied by a reduction of 10 Gt in cumulative CO2 stored and 
captured by 2100. The significantly higher transport and storage costs in 
these regions in the Base Case reduces CCS deployment in the power 
sector. 

China is in the medium transport and storage cost tier of ~$15.92/ 
tCO2 in the Base Case – only moderately higher than the Reference Case of 
$10/tCO2. Electricity generation from coal with CCS is cut by 40% in 

Table 8 
Cumulative Gt CO2 captured and stored (2020–2100) by EPPA region for different transport and storage costs assumptions when warming is limited to 2C.  

Cumulative Gt CO2 captured and stored by case (2020–2100) USA, Tier 1 China, Tier 2 India, Tier 3 EU, Tier 4 Other Regions Total 

Reference $10/tCO2 29 174 72 16 134 425 
Uniform T + S Costs $4/tCO2 38 213 75 21 166 513  

$45/tCO2 12 1 31 6 16 65  
$90/tCO2 6 0 1 6 5 18 

Regional Cases Base Case 28 103 61 6 92 290  
CCS Networks & Clusters 30 173 62 6 106 377  
Low Cost EU 28 103 61 14 92 298  

Fig. 5. CO2 captured and stored in the Base Case under a scenario that limits 
warming to 2 ◦C, by EPPA region. 
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China compared to the Reference Case, much of which is replaced by 
nuclear power. This results in roughly 70 fewer Gt CO2 cumulatively 
stored between 2020 and 2100, with a peak in 2075 in annual CO2 
captured (see Fig. 5). This is noteworthy given the transport and storage 
costs increased only moderately compared to the reference case and 
suggests CCS deployment in China may be more sensitive to CCS costs 
than was previously understood. In China, other power generation op
tions such as nuclear have lower or similar capital costs to coal with CCS 
such that moderate increases in transport and storage cost make CCS 
uncompetitive. The United States is in the low-cost tier of $11.2/tCO2. 
Because U.S. transport and storage costs are only slightly higher than in 
the Reference Case, the results do not differ much. 

We also examined a case where we assume low transport and storage 
costs due to the economies of scale achieved by rollout of shared CO2 
transport networks and CCS clusters (Appendix D). In this Clusters Case, 
377 Gt CO2 are captured and stored cumulatively by the end of the 
century – a 30% increase from the Base Case. In the Clusters Case, we 
assume identical (in the case of Europe) or very similar (in the case of 
India and China) transport and storage costs as the Base Case, so the 
results are very similar to the Base Case in these regions. The United 
States sees approximately a 25% reduction in transport and storage costs 
of compared to the reference case (~$7.4/tCO2), but this does not 
produce noticeable changes in the U.S. electricity profile other than a 
slight increase (14%) in electricity generation from coal plants with CCS. 

We also examined a case where Europe experiences low transport 
and storage costs – either because it employs pipelines instead of ships, 
starts storing CO2 onshore, or the Northern Lights Project sees rapid cost 
declines. Under such Low Cost EU assumptions, Europe is assigned to the 
medium cost tier of ~$15.92/tCO2 – moderately higher than the 
Reference Case but below Base Case assumption of ~$35/tCO2. When we 
assume Europe has low transport and storage costs, an additional 8 Gt 
CO2 is cumulatively captured and stored globally compared to the Base 
Case, driven by a doubling in the amount of electricity generated from 
natural gas plants with CCS in Europe. Under these assumptions, slightly 
less (2 Gt) CO2 is stored cumulatively by 2100 in Europe compared to the 
Reference Case. See Appendix E for snapshots of annual CO2 captured 
and stored in 2050 and 2075 in four key regions across the cases. 

7. Conclusions 

We estimate a practical cost range of $4 to $45/tCO2 for the trans
port and storage of CO2 via pipeline. This range represents the range that 
could be expected across geographic, geologic, and institutional settings. 
These costs depend on five key sources of variability: transport distance; 
scale; extra monitoring assumptions; geologic characteristics; and 
transport cost variability (primarily pipeline capital costs). For the 
combined cost of transporting CO2 via ship for offshore storage, we used 
the low range of the most recent estimates from the Northern Lights 
Project of €30–55/tCO2 ($35 to $64/tCO2 USD). We use estimates of cost 
variability to estimate expected regional differences in transport and 
storage cost. 

In our reference case, where transport and storage costs are assumed 
to be $10/tCO2 uniformly across all regions, results generated using the 
MIT Economic Projection and Policy Analysis (EPPA) model give 425 Gt 
CO2 captured and stored cumulatively from 2020 through 2100. When 
uniform transport and storage costs are assumed, the model-estimated 
cumulative CO2 captured and stored decreases with increasing 
assumed cost. 

Our base case, which captures regional variability by assigning our 
best estimate of CO2 transport and storage costs to each of the 18 EPPA 

regions, results in 290 Gt CO2 captured and stored cumulatively by 
2100. CCS transport networks and storage clusters increase global ca
pacity to capture and store CO2, with 30% more CO2 captured and stored 
cumulatively by 2100 compared to the Base Case. Incorporating lower 
transport and storage costs in Europe – which could occur if projected 
shipping and storage costs from the Northern Lights Project decline or 
Europe pursues pipelines instead of ships - results in an additional 8 Gt 
CO2 captured and stored cumulatively by 2100 in Europe compared to 
the Base Case. 

The frequently used value of $10/tCO2 for transport and storage 
costs is a reasonable assumption in some regions (i.e. the United States, 
Middle East, Russia, Canada, and Mexico) but not in others (i.e. Europe, 
Japan, China, Africa, India, etc.). This assumption has a large impact on 
CCS deployment in regions such as China that have power generation 
alternatives with low or similar capital costs, making CCS competitive
ness more sensitive to increases in transport and storage cost than other 
regions. 

Several transport and storage options should be taken into account 
when modeling large-scale deployment of CCS in decarbonization 
pathways. Pipelines are still expected to be the main method of trans
porting CO2, and these costs can increase or decrease depending 
whether the pipeline is assumed to be onshore or offshore or is part of a 
shared transport infrastructure. Shipping can be cost effective over long 
distances in regions with limited onshore CO2 storage capacity, such as 
in Japan, or that have regulatory barriers to onshore CO2 transport and 
storage, such as is seen in Europe (IEAGHG 2020). 

Cost data are scarce, there is still a significant amount of uncertainty 
and variability in available CO2 transport and storage costs, and more 
analysis is needed to quantify the cost ranges. Deploying CCS at the scale 
needed to achieve global emissions reduction goals will require buildout 
of infrastructure to transport and store gigaton-scale levels of CO2. 
Qualitatively it is known that CCS transport networks and storage hubs 
can significantly reduce CO2 transport and storage costs, and that these 
will develop in different locations at different paces. It is also known that 
CO2 transport and storage costs vary regionally and CCS deployment 
will be more sensitive to these costs in some regions than others. In 
addition, regulatory regimes can enable or create barriers for certain 
CO2 transport and storage options and can impose or remove significant 
costs accordingly. More work is needed to quantify the impact of these 
factors on CO2 transport and storage costs, especially at the regional 
level. 
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Appendix B  

A.1. CO2 storage cost range under base (top row) and high (bottom row) monitoring assumptions 
Costs were first escalated from 2008 current dollars to 2019 current dollars. A ratio of 1.36 was calculated by dividing the NPC average storage cost ($8/tCO2) by the 
capacity-weighted mean storage cost for 3.2 Mtpa in 2019 dollars (aka: $5.89). The ratio of 1.36 was then applied to the capacity weighted mean storage cost for 1 
and 6 MTPA CO2 for the Base monitoring assumptions, and then to the capacity-weighted High monitoring assumption storage cost for 1 and 6 Mtpa. 

B.1. Summary of CO2 transport and storage cost components.  
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Appendix C  

Appendix D  

Appendix E  

C.1. EPPA region description and characteristics. 
2015 oil and gas production is drawn from BP (2019) Statistical Review of Global Energy. Capital cost scaling factors are drawn from Morris et al. (2019). Years to 
store CO2 are calculated based on 2015 CO2 emissions (Reilly et al., 2018) and the low estimate of onshore CO2 storage capacity from Kearns et al. (2017). 

D.1 
Breakdown of CO2 transport and storage cost tiers for CCS Networks and Clusters Case.   

Tier 1 - Low Cost Tier 2 - Medium Cost Tier 3 - High Cost Tier 4 - Shipping Cost 

Transport Cost 
($/tCO2) 

$1.19 $1.94 N/A N/A 

Storage Cost 
($/tCO2) 

$6.24 $8.44 N/A N/A 

Total Cost 
($/tCO2) 

$7.44 $10.38 $23.09 $35.8 

Assumptions Mean value for 15 Mtpa CO2, 
100 miles from Table 5 

High value for 15 Mtpa CO2, 100 miles from Table 5 Midpoint between Medium 
Cost and Shipping tiers 

Northern Lights 
Project, Low Range 

EPPA Regions USA; Middle East; Russia; 
Canada; Mexico 

China; Australia; Brazil; Indonesia; Other Latin America; 
Other Eurasia; Dynamic Asia; Other East Asia 

Africa; India Europe; Japan; Korea  

E.1 
Snapshot of Mt CO2/year Captured and Stored in 2050 and 2075.  

Mt CO2/year captured and stored in 2050 USA EU China India Other Regions Total 

Reference $10/tCO2 14 19 2017 443 466 2959 
Uniform T + S Costs $4/tCO2 18 24 2636 554 1133 4365  

$45/tCO2 6 2 0.5 27 15 50  
$90/tCO2 2 2 0 1 3 8 

Regional Cases Base Case 14 2 654 181 302 1152  
CCS Networks & Clusters 14 2 1972 224 417 2629  
Low Cost EU 14 16 655 181 301 1166 

Mt CO2/year captured and stored in 2075 USA EU China India Other Regions Total 
Reference $10/tCO2 693 358 4242 1584 2912 9789 
Uniform T + S Costs $4/tCO2 945 504 4377 1638 3590 11,053  

$45/tCO2 100 42 7 904 231 1284  
$90/tCO2 44 42 3 17 47 154 

Regional Cases Base Case 691 42 3143 1437 1905 7218  
CCS Networks & Clusters 751 42 4230 1440 2267 8731  
Low Cost EU 691 274 3149 1439 1905 7458  
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Psarras, Peter, He, Jiajun, Pilorgé, Hélène, McQueen, Noah, Jensen-Fellows, Alexander, 
Kian, Kourosh, Wilcox, Jennifer, 2020. “Cost Analysis of Carbon Capture and 
Sequestration from U.S. Natural Gas-Fired Power Plants”. Environ. Sci. Technol. 54 
(10), 6272–6280. 

Reilly, John, Ronald Prinn, Henry Chen, Andrei Sokolov, Xiang Gao, Adam Schlosser, 
Jennifer Morris, “Food, water, energy, climate outlook perspectives from 2018”. MIT 
Joint Program on the Science and Policy of global Change. 2018. 

Righetti, Tara K., 2017. “Siting Carbon Dioxide Pipelines”. Oil Gas Natural Resources 
Energy J 3 (4), 70. 

Rubin, Edward S., Davison, John E., Howard, Howard J., July 3, 2015. “The Cost of CO2 
Capture and Storage”. Int J Greenhouse Gas Control 40, 378–400. 

Sanchez, Daniel L., Nils Johnson, Sean T. McCoy, Peter A. Turner, Katharine J. Mach. 
“Near-Term Deployment of Carbon Capture and Sequestration from Biorefineries in 
the United States”. Proceedings of the National Academy of Sciences, 115, no. 19 (May 
8, 2018): 4875–80. 

Szulczewski, Michael L, Christopher W MacMinn, Howard J Herzog, Ruben Juanes. 
“Supporting Information for: the Lifetime of Carbon Capture and Storage as a 
Climate-Change Mitigation Technology”. 2012, 93. 

U.S. Bureau of Labor Statistics. “Producer Price Index (PPI) for commodities in the 
United States from 1990 to 2019”. January 2020. 

USDOE, 2014a. FE/NETL CO2 Saline Storage Cost Model: model Description and 
Baseline Results, Report No. DOE/NETL-2014/1659. US Dept of Energy, National 
Energy Technology Laboratory, Pittsburgh, PA. 

USDOE, 2014b. FE/NETL CO2 Transport Cost Model: description and User’s Manual, 
Report No. DOE/NETL-2014/1660. US Dept of Energy, National Energy Technology 
Laboratory, Pittsburgh, PA. 

USDOE, 2017. FE/NETL CO2 Saline Storage Cost Model: description and User’s Manual, 
Report No. DOE/NETL-2018/1873. US Dept of Energy, National Energy Technology 
Laboratory, Pittsburgh, PA. 

USDOE, 2018. FE/NETL CO2 Transport Cost Model: description and User’s Manual, 
Report No. DOE/NETL-2018/1877. US Dept of Energy, National Energy Technology 
Laboratory, Pittsburgh, PA. 

USGS 2013. National assessment of geologic carbon dioxide storage resources – Results. 
Ver. 1.1; 2013. 

Zapantis, Alex, Townsend, Alex, Rassool, Dominic, 2019. “Policy Priorities to Incentivise 
Large Scale Deployment of CCS”. Thought Leadership Report. Global CCS Institute. 
April.  

ZEP, 2011a. The costs of CO2 storage: post-demonstration CCS in the EU. European 
Technology Platform for Zero Emission Fossil Fuel Power Plants. Brussels, Belgium. 

ZEP, 2011b. The cost of CO2 transport: post-demonstration CCS in the EU. European 
Technology Platform for Zero Emission Fossil Fuel Power Plants. Brussels, Belgium. 

E. Smith et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0002
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0002
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0003
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0003
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0003
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0004
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0004
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0006
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0006
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0006
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0007
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0007
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0007
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0007
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0010
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0010
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0010
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0010
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0012
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0012
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0013
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0013
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0018
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0018
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0020
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0020
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0020
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0020
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0021
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0021
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0021
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0022
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0022
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0022
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0023
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0023
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0023
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0027
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0027
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0027
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0027
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0029
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0029
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0030
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0030
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0041
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0041
http://refhub.elsevier.com/S1750-5836(21)00119-5/sbref0041

	The cost of CO2 transport and storage in global integrated assessment modeling
	1 Introduction
	2 CO2 transport
	2.1 Transport options
	2.2 Current status of CO2 transport costs
	2.3 CO2 transport cost range

	3 CO2 storage
	3.1 Storage options
	3.2 Current status of CO2 storage costs
	3.3 CO2 storage cost range

	4 Combined CO2 transport and storage cost range
	5 Modeling cases
	6 Results and discussion
	7 Conclusions
	Declaration of Competing Interest
	Acknowledgments
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	References


