
Examining Renewable Energy 
Technologies
Andrew Chapman: Please tell us a little bit about 
your role.
Jill Engel-Cox: At NREL, I am the Director of an 
institute called the Joint Institute for Strategic 
Energy Analysis (JISEA), which is a collaboration 
between the U.S. National Renewable Energy 
Laboratory (NREL) and partner universit ies. 
J ISEA analyzes energy systems and energy 
systems transformation across multiple sectors. 
We leverage experts within a larger analysis 
group within NREL. NREL is one of the U.S. 
Department of Energy National Laboratories, and 
it is the only laboratory that's focused exclusively 
on renewable energy and energy efficiency. There 
are about 1,800 researchers and support staff 
within NREL. We focus on all types of renewable 
energy including solar, wind, and geothermal as 
well as looking at storage, transportation, and 
batteries.
Kenshi Itaoka: So, you are looking into systems?
Engel-Cox: R ight. We certainly have many 
resea rcher s  t hat  look ver y  spec i f ica l ly  at  
technology development, but NREL realized long 

ago that it was very important to have an analysis 
g r o up  t h a t  l o o k s  a t  p o l i c y,  e c o n om i c s ,  
transformations, and scenario analysis. These 
types of analysis are very important to go along 
with the actual technology development.  
Chapman: What would you say is NREL’s current 
focus? 
Engel-Cox: There are lots of things that we are 
focused on. Currently, renewable energy has grown 
to be more commercial, part icularly certain 
types including solar, wind, and hydropower. 
T h e  f o c u s  h a s  m a i n l y  b e e n  o n  p ow e r  
generation, transportation, and buildings. Now, 
we’re starting to think about what other sectors we 
need to focus on. We’ve started looking at the 
industrial sector, and the agricultural sector as 
these are some of the areas where renewable 
energy hasn’t been fully addressed yet. 
Itaoka: I’m interested in this aspect, as I feel that 
for industry, especial ly those such as iron or 
cement industries that there is no good solution 
yet.
Engel-Cox: Yes, on the power side, we’re still 
doing a lot of work on the integration. Many cities 
and states are starting to think about going 100% 
renewable or 100% low carbon. That is very easy 

to say, but it is very hard to actually achieve. 
NREL is doing a number of projects in terms of 
helping cities and states model what that actually 
looks like.

Assessing Locations and
Understanding Energy Requirements 
Chapman: One of the issues that I was really 
interested in talk ing to you about is the two 
dif ferent approaches. Do you pursue a ful ly 
cent ra l i zed approach or the decent ra l i zed 
approach? Perhaps, there is a combination that can 
get people to their renewable energy targets?
Engel-Cox: It depends on the location itself and 
what baseline you begin with in the area. You need 
to consider what kind of existing grid systems are 
already there, how centralized the system is now, 
and what existing power systems are already built. 
If you are in a place that does not have good 
energy access and you are just building it now, you 
are going to take a different approach, possibly a 
more decentralized micro-grid approach, than if 
you were in a place that had the existing grid 
infrastructure with very large systems already. The 
starting point is going to make a big difference. 
Also, the natural resources in the region are going 
to make a difference. If you look at a country like 
Iceland, they have huge geothermal resources, 
which will lead to a different type of solution than 
if you were in a place that has a lot of solar or a lot 
of wind. It also depends on the human resources 
and the decision the community makes about 
which way they want to go.
Itaoka: Currently, Japan uses an almost 100% 
centralized grid1. How does that differ to the 
situation in the United States?
Engel-Cox: The U.S. is getting close to 20% 
renewables, but nearly half of that is hydropower. 
There are specif ic locat ions that have large 
hydropower plants. That said, there's just under 2% 
solar and close to 7% wind nationally. But that is 
very different depending on which state you are 
looking at, some of the states have a very low 
percentage of renewables, and some states have a 
very high percentage. California, for example, is a 
leading state and they are getting close to 50% 

renewables with hydro and over 25% with 
non-hydro renewables, like solar and wind. Also, 
certain areas have done a lot of promotion for very 
decentralized systems like rooftop solar systems for 
houses. Los Angeles has declared that they are 
going to become 100% renewable and NREL is 
work ing qu ite c losely with them to do the 
modeling on that. 
Itaoka: Can you tell us about the approaches being 
considered for energy storage?
Engel-Cox: There are different things that people 
are looking at for storage. We are even looking at 
the possibility of taking out-of-service electric 
vehicle batteries and creating better storage out of 
them. It depends on whether you need just a few 
hours of energy, if you need it seasonally, or if you 
need multiple days of energy. We are still at the 
point where there is a lot of experimentation about 
what kind of storage is going to work, and it is 
going to be different in different places. You are 
probably going to need a mix. I did a lot of work in 
Saudi Arabia, and their energy demand is very 
interesting because it is double in the summer 
what it is in the winter because of air conditioning, 
but they do not need so much hourly variability 
because it is relatively consistent. It is actually 
much different in the summer than it is in the 
winter, so that they need seasonal storage. In other 
places, l ike in the U.S., it peaks in the late 
afternoon when everybody comes home.
It is going to be interesting when we get to the 
point where we need to train consumers to behave 
in a certain way, but then we might have to train 
them to behave differently later. With this in mind, 
we are starting to look at smart technologies and 
how you automate this so that it is the equipment 
itself that knows when it should charge to better 
balance demand.

Establishing Community Support
for Energy Initiatives 
Chapman: I think you raised an excellent point. 
The first thing is training people about how to act. 
In Australia, we have this issue with net feed-in 
tariffs2 versus gross feed-in tariffs3. Under a gross 
feed-in tariff, you are able to use energy without 
much thought, engendering specific behaviors. 
However, if you have a net feed-in tariff, the idea is 
not to use the electricity you generate, but to sell it. 
This gets back to the broad point that, generally 
we agree that we can train people how to do 
things based on an economic benefit, but can you 
talk more about how important community support 
is as well? Is there some kind of activity that we 
can capture in our research that is equivalent to 
community support? 
Engel-Cox: In some cases, it is voting. In many 
states such as California, they have systems where 
if you are going to be spending public money or 
increasing taxes, it has to be voted on. There are 

country-wide tax incentives for some of 
the renewables that you put on your home 
and also for developers. It is a combination 
of people vot ing for it , and then also 
financial incentives. I think the interesting 
thing that we need to think about is there 
are always the early adopters, the ones 
that are excited. They are the ones that 
install the solar panels even when it is a 
20-year payback, which is beyond what 
might be logical from a purely financial 
decision, because they want to support 
advanced technologies. As long as there is 
enough incentive and the system will not 
lose them money, they will do it. Then 
there is the next level, which is probably 
where we are now, which is it makes sense, it pays 
back in about 8-years, people think it is neat that 
they can get almost free electricity, so they do it. 
That hopefully drives prices down so that you can 
pick up some of the later stage people. But then 
there's the question of how we get to the larger 
consumer base. Also, you have to consider how to 
reach those that do not have a house to put a panel 
on ,  or  maybe have t rees  or  do not  have a  
south-facing roof or an appropriate setup. In the 
U.S. right now a popular solution to these issues is 
community solar, which is a system installed at a 
town level and you can buy into it.

Designing Creative Solutions 
Chapman: We found some similar trends in 
Japan. Some of it was encouraging, and some of it 
was discouraging. I think with Japan we found 
that only a small percentage were early adopters. 
Then, there is a very big group in the middle and 
an equally large group at the bottom that just waits 
for the government to say they have to begin using 
a part icular system. I th ink Japan might be 
different than the U.S. because a lot of people live 
in apartments. We already have some community 
wind energy, what would a community solar 
system look like in Japan?
Engel-Cox: In the U.S., some of the community 
solar systems have been built on old landfills, 

which might work for Japan. It is land you cannot 
build houses on, and you cannot put agriculture 
there, but it is the perfect place to put community 
solar.
Chapman: That is unique thinking because if you 
think about a landfill, you assume that’s the end of 
the use for that land. 
Engel-Cox: We are also noticing a significant 
increase in commercia l solar because some 
businesses are saying they want to be zero-carbon 
or 100% renewable. They have massive roof space 
on warehouses and buildings where they could 
insta l l  la rge sola r systems. There is a lso a 
challenge between a technical solution like smart 
grids4 or demand-side management and then the 
social acceptance of them. It is very easy for 
technologists to think something is wonderful and 
will work well, and then to forget about the human 
side of the issue. People think, ‘ I don’t want 
someone changing my home heating system or my 
electric car.’ I think one of the big challenges is for 
the technology people to work with the social 
scientists, economists, and others to think about 
how to bring these solutions forward in a way that 
people are going to be excited about and accepting 
of them and not resistant. 
Itaoka: Thank you for joining us today to discuss 
important energy issues and challenges for the 
future. It has been a pleasure to hear your ideas, 
a nd we look  forwa rd  to  pu r su i ng  f r u i t f u l  
collaborations in the future.

Research as a Collaborative Effort
Takeshi Tsuji: Thank you very much for making 
time for this interview. Your talk at our Annual 
Symposium yesterday must have motivated I2CNER 
members very much. Firstly, please tell us how you 
became involved with I2CNER.
Michael Celia: When I2CNER decided to include a 
significant CCS component, I2CNER members 
contacted me to ask if I would join the external 
advisory board as the person who is involved in 
CCS activity. The first time I met you was when I 
went to my first I2CNER meeting, three or four 
years ago. Then I wound up being really impressed 
with your work. I think the work that’s going on 
here with CCS is really interesting and important.
Tsuji: Before I came to I2CNER, my specialty was 
geophysics/geology. Specifically, large-scale geological 
formation investigations and large-scale CO2 
behavior monitoring using a geophysical approach. 

Celia: It’s an important point ‒ the fact that you 
approach this with a seismology background. I 
think it gives a different perspective and you are 
thinking about one of the major issues with CCS 
which is: ‘How should we think about the risk of 
creating earthquakes by injecting huge amounts of 
fluid underground?’, You need expertise in 
earthquakes and seismology in order to think about 
that problem in the right way. If you just look at 
CCS in terms of research, 25 years ago there was no 
research in CCS because it didn't exist. People from 
hydrology, from petroleum engineering, and from 
other various backgrounds started working on the 
problem. Almost everybody who was working on 
the problem came at it from just the fluid flow 
perspective. However, the idea that we had to think 
about the mechanics of the rocks and whether or 
not there are going to be any possibilities of 
earthquakes at the surface came later. For me, one 
of the interesting parts about working on a relatively 
new area is to observe how the research itself 

develops. It attracts people from 
these different groups that come in 
and make different contributions.
Tsuji: It’s true, CCS is a very good 
chance to collaborate and gather 
many specialists, and our research 
can help other fields as well.

Considering CCS
Projections
Tsuji: Could you please talk about 
the importance of CCS in view of 
the 2018 IPCC2 Report that says 
that we are on track for a 3-4℃ 
temperature rise by the end of the 
century?
Celia: I think that every study that I have seen 
indicates that CCS needs to play a major role in 
serious carbon mitigation strategies. If you look at 
any projections for 2 degrees or 1.5 degrees, instead 
of the 3 to 4 degrees that you pointed out, you see 
that CCS is expected to ramp up between now and 
mid-century to significant levels ‒ gigaton per year 
levels. If you look at the 1.5-degree report, for 
example, you can see that many scenarios will have 
net negative emissions3 in the second half of this 
century. The major technology that is currently 
expected to be able to do that is the combination of 
bioenergy with CCS, that is an order of 10 gigatons 
a year ramping up. All of these scenarios for how 
we can realistically solve the carbon problem 
involve massive amounts of CCS. The challenge 
that we have is to go from where we are today, to 
what these future projections are assuming will 
happen. In all of these, CCS plays a central role and 
I think our responsibility is to figure out how we can 
ramp up the activity.

Achieving Negative Emissions
Tsuji: In your presentation at the I2CNER Annual 
Symposium yesterday, you talked about negative 
emissions. I think it is tough, but it is a very 
important concept for carbon reduction. Can you 
talk a bit about your views on negative emissions?
Celia: Yes, negative emissions means that either 
humans design a technology to take CO2 out of the 
atmosphere and then do something with it to keep 
it out of the atmosphere (the likely thing to do is to 
put it underground) or we allow vegetation to take 
CO2 out of the atmosphere (which happens by 
photosynthesis), and then we use the vegetation 
products as the fuel source, and then we capture 
those emissions and put them underground. In 
either case, we use those processes coupled with 
the carbon storage to basically have a net negative 
accounting for the amount of carbon that is going 
from the earth into the atmosphere. At the moment, 
there is no viable human-made technology that works 

at scale for the extraction of huge amounts of CO2 
from the atmosphere. That’s why the technology that 
is referred to as ‘BECCS’4 (bio-energy with carbon 
captured storage) is what’s pointed to in these 
reports. That’s the technology that we know has 
some reasonable chance to work right now. Ideally, 
there will be a group of new technologies that can 
take carbon out of the atmosphere and redirect it in 
ways that will keep it out of the atmosphere. The 
thing that we have to remember is that the only way 
that any of these things makes a difference, is if the 
amount of carbon we’re talking about is massive‒ 
gigatons of CO2 per year. The scale of the problem 
really has to be emphasized because it’s a massive 
undertaking and many different technologies are 
required. We also need to be thinking about the 
geological part of this, the underground part of this, 
at these scales because it is important to achieve 
those levels. 

Exploring the Popularity of CCS
Tsuji: Yes, it is important to reduce large amounts 
of CO2, and CCS could achieve the large-scale CO2 
emission reduction. Another question I have is: 
given the importance of CCS, what is its status in 
the U.S. and possibly worldwide? 
Celia: In the U.S., CCS has not taken off as any sort 
of large industry so far. Whether that happens in 
the future remains to be seen. However, in the U.S., 
there are interesting possibilities at the moment. 
About a year ago in 2018, a new tax bill was passed. 
In that tax bill are tax credits for CCS. The tax 
credits are at a significant level, up to $50 per ton if 
you capture the CO2 and use it for direct storage, 
and up to $35 a ton if you use it for enhanced oil 
recovery. 
Tsuji: The general perception is that CCS has not 
gained traction worldwide toward decarbonizing 
the environment. Could you please elaborate on 
possible reasons? What are the main roadblocks for 
accelerated deployment of CCS projects?
Celia: I think the reason is largely economic. My 

own opinion is that if there is a system in place 
where, at the large scale, there’s profit to be made 
by putting CO2 underground then a “CCS industry” 
will develop. The appropriate regulations will either 
be written or be modified in whatever ways are 
necessary to allow it to happen. Until that happens, 
I think that we spend a fair amount of time thinking 
about public perception and how negative 
perceptions might be the reason for the lack of 
large-scale development of CCS. I don't want to 
minimize its importance of public perception, but in 
most parts of the world there are all sorts of 
infrastructure projects that are built, including 
pipelines. In the U.S. we have pipelines that will 
take natural gas from the Gulf of Mexico region to 
where I live in the North East, and we've got natural 
gas storage sites for the seasonal storage of gas, and 
all sorts of things like that, that already exist. The 
idea that we wouldn't be able to build a similar 
pipeline for CO2, I don't believe that is the case. My 
own sense, and perhaps this is just a hopeful 
statement, is that the idea that there is a negative 
perception about CCS, comes through in what we 
see in specific surveys. Instead of saying ‘Do you 
want us to build a pipeline that will be operated by 
an oil company?’ to which the answer is probably, 
‘Well, I think that's not a good thing,’ the more 
reasonable question is, ‘Will you work with us to 
solve the climate problem?’ I think that in terms of 
gaining traction and public perception, it would be 
good if we could present this quite directly as an 
important green technology that will help to solve 
the climate change problem.

Motivating Future Generations
 
Tsuji: How do you view the role of CCS research in 
academic institutions like I2CNER? 
Celia: At Princeton, we’ve offered a special topics 
course on CCS a couple of times. The thing about 
CCS is that the ‘capture’ part is really a problem of 

engineering technology. How do you build 
something to do gas separation or think about new 
materials? It’s really a chemical engineering and 
material science question. The ‘storage’ part is earth 
science, geosciences, and some parts of civil 
engineering. Overall, there are so many different 
disciplines involved in CCS, so it helps to 
sometimes break it up into the ‘capture’ and the 
‘storage’ parts. While we may not have a curriculum 
specifically for CCS, the tools that we need to do 
the work exist in many programs in many different 
universities. That gives me optimism that even if we 
don't develop specific CCS courses, there will be a 
number of students, both undergraduate and 
graduate, who are trained with the skill sets to allow 
them to contribute in important ways to solving 
these problems. 
Tsuji: How can we motivate young scientists to 
carry out research in this area? Are there future 
opportunities for employment?
Celia: I think the best motivation is to invite them 
to come and save the world. In some sense, that’s 
the advertisement because I think that’s what we 
are actually trying to do in some grand sense. If you 
think that an uncontrolled warming planet is an 
existential threat to our species, and to several other 
species on the planet, then, it's not an exaggeration 
to say, ‘Come and save the world, at least the world 
as we know it.’ That's what solving the climate 
problem is, and if CCS is going to play a major role, 
then that's how we motivate students. Our job is 
to give our students the tools, the perspective, 
and the context to go out and make meaningful 
contributions no matter what they ultimately 
choose as a profession. I’m very optimistic about 
this cohort of young scientists and I am comfortable 
putting my faith in that group to go out and solve 
the problems that my generation created through 
the emission activities that we see going on today. 
Tsuji: I agree that our works for CCS are directly 
related to the biggest problems for human beings. I 
continue our research activities for carbon emission 
reduction, and also try to educate young scientists 
to save our planet earth. I really enjoyed this talk 
with you. Thank you very much.

Carbon Capture Storage (CCS)1 and the exploration of how to reduce CO2 emissions is a global issue of great 
importance. Professor Takeshi Tsuji, Lead Principal Investigator for the I2CNER CO2 Storage Division, 
interviewed Professor Michael Celia, the Director of the Princeton Environmental Institute at Princeton 
University, about the current state of CCS research and the potential future implications of the field. They also 
delved into the importance of guiding future generations to explore these problems in the hopes of finding 
lasting solutions. 

Inspiring Future Generations:
The Importance of Carbon Capture Storage

and Understanding Human Environmental Impacts

Special InterviewⅡ

Notes
1 Grid Centralized Energy: The electricity generated by centralized generation is 
distributed through the electric power grid to multiple end-users. Centralized 
generation facilities include fossil-fuel-fired power plants, nuclear power plants, 
hydroelectric dams, wind farms, and more. (EPA.gov)

2 Net feed-in tariff: A plan where the owner of a solar system is only paid for any extra 
unused energy that their system produces.

3 Gross feed-in tariffs: A plan where the owner of a solar system is paid for all energy 
produced by the system connected to the grid.

4 Smart Grid: A network that is able to detect and respond to changes in the amount 
of energy being used.

Figure 1. 
Consumer activeness tiers in the Japanese energy market
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Research as a Collaborative Effort
Takeshi Tsuji: Thank you very much for making 
time for this interview. Your talk at our Annual 
Symposium yesterday must have motivated I2CNER 
members very much. Firstly, please tell us how you 
became involved with I2CNER.
Michael Celia: When I2CNER decided to include a 
significant CCS component, I2CNER members 
contacted me to ask if I would join the external 
advisory board as the person who is involved in 
CCS activity. The first time I met you was when I 
went to my first I2CNER meeting, three or four 
years ago. Then I wound up being really impressed 
with your work. I think the work that’s going on 
here with CCS is really interesting and important.
Tsuji: Before I came to I2CNER, my specialty was 
geophysics/geology. Specifically, large-scale geological 
formation investigations and large-scale CO2 
behavior monitoring using a geophysical approach. 

Celia: It’s an important point ‒ the fact that you 
approach this with a seismology background. I 
think it gives a different perspective and you are 
thinking about one of the major issues with CCS 
which is: ‘How should we think about the risk of 
creating earthquakes by injecting huge amounts of 
fluid underground?’, You need expertise in 
earthquakes and seismology in order to think about 
that problem in the right way. If you just look at 
CCS in terms of research, 25 years ago there was no 
research in CCS because it didn't exist. People from 
hydrology, from petroleum engineering, and from 
other various backgrounds started working on the 
problem. Almost everybody who was working on 
the problem came at it from just the fluid flow 
perspective. However, the idea that we had to think 
about the mechanics of the rocks and whether or 
not there are going to be any possibilities of 
earthquakes at the surface came later. For me, one 
of the interesting parts about working on a relatively 
new area is to observe how the research itself 

develops. It attracts people from 
these different groups that come in 
and make different contributions.
Tsuji: It’s true, CCS is a very good 
chance to collaborate and gather 
many specialists, and our research 
can help other fields as well.

Considering CCS
Projections
Tsuji: Could you please talk about 
the importance of CCS in view of 
the 2018 IPCC2 Report that says 
that we are on track for a 3-4℃ 
temperature rise by the end of the 
century?
Celia: I think that every study that I have seen 
indicates that CCS needs to play a major role in 
serious carbon mitigation strategies. If you look at 
any projections for 2 degrees or 1.5 degrees, instead 
of the 3 to 4 degrees that you pointed out, you see 
that CCS is expected to ramp up between now and 
mid-century to significant levels ‒ gigaton per year 
levels. If you look at the 1.5-degree report, for 
example, you can see that many scenarios will have 
net negative emissions3 in the second half of this 
century. The major technology that is currently 
expected to be able to do that is the combination of 
bioenergy with CCS, that is an order of 10 gigatons 
a year ramping up. All of these scenarios for how 
we can realistically solve the carbon problem 
involve massive amounts of CCS. The challenge 
that we have is to go from where we are today, to 
what these future projections are assuming will 
happen. In all of these, CCS plays a central role and 
I think our responsibility is to figure out how we can 
ramp up the activity.

Achieving Negative Emissions
Tsuji: In your presentation at the I2CNER Annual 
Symposium yesterday, you talked about negative 
emissions. I think it is tough, but it is a very 
important concept for carbon reduction. Can you 
talk a bit about your views on negative emissions?
Celia: Yes, negative emissions means that either 
humans design a technology to take CO2 out of the 
atmosphere and then do something with it to keep 
it out of the atmosphere (the likely thing to do is to 
put it underground) or we allow vegetation to take 
CO2 out of the atmosphere (which happens by 
photosynthesis), and then we use the vegetation 
products as the fuel source, and then we capture 
those emissions and put them underground. In 
either case, we use those processes coupled with 
the carbon storage to basically have a net negative 
accounting for the amount of carbon that is going 
from the earth into the atmosphere. At the moment, 
there is no viable human-made technology that works 

at scale for the extraction of huge amounts of CO2 
from the atmosphere. That’s why the technology that 
is referred to as ‘BECCS’4 (bio-energy with carbon 
captured storage) is what’s pointed to in these 
reports. That’s the technology that we know has 
some reasonable chance to work right now. Ideally, 
there will be a group of new technologies that can 
take carbon out of the atmosphere and redirect it in 
ways that will keep it out of the atmosphere. The 
thing that we have to remember is that the only way 
that any of these things makes a difference, is if the 
amount of carbon we’re talking about is massive‒ 
gigatons of CO2 per year. The scale of the problem 
really has to be emphasized because it’s a massive 
undertaking and many different technologies are 
required. We also need to be thinking about the 
geological part of this, the underground part of this, 
at these scales because it is important to achieve 
those levels. 

Exploring the Popularity of CCS
Tsuji: Yes, it is important to reduce large amounts 
of CO2, and CCS could achieve the large-scale CO2 
emission reduction. Another question I have is: 
given the importance of CCS, what is its status in 
the U.S. and possibly worldwide? 
Celia: In the U.S., CCS has not taken off as any sort 
of large industry so far. Whether that happens in 
the future remains to be seen. However, in the U.S., 
there are interesting possibilities at the moment. 
About a year ago in 2018, a new tax bill was passed. 
In that tax bill are tax credits for CCS. The tax 
credits are at a significant level, up to $50 per ton if 
you capture the CO2 and use it for direct storage, 
and up to $35 a ton if you use it for enhanced oil 
recovery. 
Tsuji: The general perception is that CCS has not 
gained traction worldwide toward decarbonizing 
the environment. Could you please elaborate on 
possible reasons? What are the main roadblocks for 
accelerated deployment of CCS projects?
Celia: I think the reason is largely economic. My 

own opinion is that if there is a system in place 
where, at the large scale, there’s profit to be made 
by putting CO2 underground then a “CCS industry” 
will develop. The appropriate regulations will either 
be written or be modified in whatever ways are 
necessary to allow it to happen. Until that happens, 
I think that we spend a fair amount of time thinking 
about public perception and how negative 
perceptions might be the reason for the lack of 
large-scale development of CCS. I don't want to 
minimize its importance of public perception, but in 
most parts of the world there are all sorts of 
infrastructure projects that are built, including 
pipelines. In the U.S. we have pipelines that will 
take natural gas from the Gulf of Mexico region to 
where I live in the North East, and we've got natural 
gas storage sites for the seasonal storage of gas, and 
all sorts of things like that, that already exist. The 
idea that we wouldn't be able to build a similar 
pipeline for CO2, I don't believe that is the case. My 
own sense, and perhaps this is just a hopeful 
statement, is that the idea that there is a negative 
perception about CCS, comes through in what we 
see in specific surveys. Instead of saying ‘Do you 
want us to build a pipeline that will be operated by 
an oil company?’ to which the answer is probably, 
‘Well, I think that's not a good thing,’ the more 
reasonable question is, ‘Will you work with us to 
solve the climate problem?’ I think that in terms of 
gaining traction and public perception, it would be 
good if we could present this quite directly as an 
important green technology that will help to solve 
the climate change problem.

Motivating Future Generations
 
Tsuji: How do you view the role of CCS research in 
academic institutions like I2CNER? 
Celia: At Princeton, we’ve offered a special topics 
course on CCS a couple of times. The thing about 
CCS is that the ‘capture’ part is really a problem of 

engineering technology. How do you build 
something to do gas separation or think about new 
materials? It’s really a chemical engineering and 
material science question. The ‘storage’ part is earth 
science, geosciences, and some parts of civil 
engineering. Overall, there are so many different 
disciplines involved in CCS, so it helps to 
sometimes break it up into the ‘capture’ and the 
‘storage’ parts. While we may not have a curriculum 
specifically for CCS, the tools that we need to do 
the work exist in many programs in many different 
universities. That gives me optimism that even if we 
don't develop specific CCS courses, there will be a 
number of students, both undergraduate and 
graduate, who are trained with the skill sets to allow 
them to contribute in important ways to solving 
these problems. 
Tsuji: How can we motivate young scientists to 
carry out research in this area? Are there future 
opportunities for employment?
Celia: I think the best motivation is to invite them 
to come and save the world. In some sense, that’s 
the advertisement because I think that’s what we 
are actually trying to do in some grand sense. If you 
think that an uncontrolled warming planet is an 
existential threat to our species, and to several other 
species on the planet, then, it's not an exaggeration 
to say, ‘Come and save the world, at least the world 
as we know it.’ That's what solving the climate 
problem is, and if CCS is going to play a major role, 
then that's how we motivate students. Our job is 
to give our students the tools, the perspective, 
and the context to go out and make meaningful 
contributions no matter what they ultimately 
choose as a profession. I’m very optimistic about 
this cohort of young scientists and I am comfortable 
putting my faith in that group to go out and solve 
the problems that my generation created through 
the emission activities that we see going on today. 
Tsuji: I agree that our works for CCS are directly 
related to the biggest problems for human beings. I 
continue our research activities for carbon emission 
reduction, and also try to educate young scientists 
to save our planet earth. I really enjoyed this talk 
with you. Thank you very much.
Notes
1 Carbon Capture and Storage (CCS): The process of separating and capturing CO2 
and then storing it underground.

2 IPCC: Intergovernmental Panel on Climate Change.

3 Negative emissions: A reduction in the amount of CO2 that is in the atmosphere.

4 BECCS (bio-energy with carbon captured storage): A technology that has the 
potential to mitigate greenhouse gases.

Prof. Celia delivered a special lecture to Prof. Tsuji’s research group and those from 
the Department of Earth Resources Engineering at Kyushu University. He talked about 
the importance of understanding the basics of hydrology, including groundwater flow 
paths while referring to a groundwater contamination case depicted in “A Civil Action,” 
a best-selling nonfiction book by Jonathan Harr.
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Research as a Collaborative Effort
Takeshi Tsuji: Thank you very much for making 
time for this interview. Your talk at our Annual 
Symposium yesterday must have motivated I2CNER 
members very much. Firstly, please tell us how you 
became involved with I2CNER.
Michael Celia: When I2CNER decided to include a 
significant CCS component, I2CNER members 
contacted me to ask if I would join the external 
advisory board as the person who is involved in 
CCS activity. The first time I met you was when I 
went to my first I2CNER meeting, three or four 
years ago. Then I wound up being really impressed 
with your work. I think the work that’s going on 
here with CCS is really interesting and important.
Tsuji: Before I came to I2CNER, my specialty was 
geophysics/geology. Specifically, large-scale geological 
formation investigations and large-scale CO2 
behavior monitoring using a geophysical approach. 

Celia: It’s an important point ‒ the fact that you 
approach this with a seismology background. I 
think it gives a different perspective and you are 
thinking about one of the major issues with CCS 
which is: ‘How should we think about the risk of 
creating earthquakes by injecting huge amounts of 
fluid underground?’, You need expertise in 
earthquakes and seismology in order to think about 
that problem in the right way. If you just look at 
CCS in terms of research, 25 years ago there was no 
research in CCS because it didn't exist. People from 
hydrology, from petroleum engineering, and from 
other various backgrounds started working on the 
problem. Almost everybody who was working on 
the problem came at it from just the fluid flow 
perspective. However, the idea that we had to think 
about the mechanics of the rocks and whether or 
not there are going to be any possibilities of 
earthquakes at the surface came later. For me, one 
of the interesting parts about working on a relatively 
new area is to observe how the research itself 

develops. It attracts people from 
these different groups that come in 
and make different contributions.
Tsuji: It’s true, CCS is a very good 
chance to collaborate and gather 
many specialists, and our research 
can help other fields as well.

Considering CCS
Projections
Tsuji: Could you please talk about 
the importance of CCS in view of 
the 2018 IPCC2 Report that says 
that we are on track for a 3-4℃ 
temperature rise by the end of the 
century?
Celia: I think that every study that I have seen 
indicates that CCS needs to play a major role in 
serious carbon mitigation strategies. If you look at 
any projections for 2 degrees or 1.5 degrees, instead 
of the 3 to 4 degrees that you pointed out, you see 
that CCS is expected to ramp up between now and 
mid-century to significant levels ‒ gigaton per year 
levels. If you look at the 1.5-degree report, for 
example, you can see that many scenarios will have 
net negative emissions3 in the second half of this 
century. The major technology that is currently 
expected to be able to do that is the combination of 
bioenergy with CCS, that is an order of 10 gigatons 
a year ramping up. All of these scenarios for how 
we can realistically solve the carbon problem 
involve massive amounts of CCS. The challenge 
that we have is to go from where we are today, to 
what these future projections are assuming will 
happen. In all of these, CCS plays a central role and 
I think our responsibility is to figure out how we can 
ramp up the activity.

Achieving Negative Emissions
Tsuji: In your presentation at the I2CNER Annual 
Symposium yesterday, you talked about negative 
emissions. I think it is tough, but it is a very 
important concept for carbon reduction. Can you 
talk a bit about your views on negative emissions?
Celia: Yes, negative emissions means that either 
humans design a technology to take CO2 out of the 
atmosphere and then do something with it to keep 
it out of the atmosphere (the likely thing to do is to 
put it underground) or we allow vegetation to take 
CO2 out of the atmosphere (which happens by 
photosynthesis), and then we use the vegetation 
products as the fuel source, and then we capture 
those emissions and put them underground. In 
either case, we use those processes coupled with 
the carbon storage to basically have a net negative 
accounting for the amount of carbon that is going 
from the earth into the atmosphere. At the moment, 
there is no viable human-made technology that works 

at scale for the extraction of huge amounts of CO2 
from the atmosphere. That’s why the technology that 
is referred to as ‘BECCS’4 (bio-energy with carbon 
captured storage) is what’s pointed to in these 
reports. That’s the technology that we know has 
some reasonable chance to work right now. Ideally, 
there will be a group of new technologies that can 
take carbon out of the atmosphere and redirect it in 
ways that will keep it out of the atmosphere. The 
thing that we have to remember is that the only way 
that any of these things makes a difference, is if the 
amount of carbon we’re talking about is massive‒ 
gigatons of CO2 per year. The scale of the problem 
really has to be emphasized because it’s a massive 
undertaking and many different technologies are 
required. We also need to be thinking about the 
geological part of this, the underground part of this, 
at these scales because it is important to achieve 
those levels. 

Exploring the Popularity of CCS
Tsuji: Yes, it is important to reduce large amounts 
of CO2, and CCS could achieve the large-scale CO2 
emission reduction. Another question I have is: 
given the importance of CCS, what is its status in 
the U.S. and possibly worldwide? 
Celia: In the U.S., CCS has not taken off as any sort 
of large industry so far. Whether that happens in 
the future remains to be seen. However, in the U.S., 
there are interesting possibilities at the moment. 
About a year ago in 2018, a new tax bill was passed. 
In that tax bill are tax credits for CCS. The tax 
credits are at a significant level, up to $50 per ton if 
you capture the CO2 and use it for direct storage, 
and up to $35 a ton if you use it for enhanced oil 
recovery. 
Tsuji: The general perception is that CCS has not 
gained traction worldwide toward decarbonizing 
the environment. Could you please elaborate on 
possible reasons? What are the main roadblocks for 
accelerated deployment of CCS projects?
Celia: I think the reason is largely economic. My 

own opinion is that if there is a system in place 
where, at the large scale, there’s profit to be made 
by putting CO2 underground then a “CCS industry” 
will develop. The appropriate regulations will either 
be written or be modified in whatever ways are 
necessary to allow it to happen. Until that happens, 
I think that we spend a fair amount of time thinking 
about public perception and how negative 
perceptions might be the reason for the lack of 
large-scale development of CCS. I don't want to 
minimize its importance of public perception, but in 
most parts of the world there are all sorts of 
infrastructure projects that are built, including 
pipelines. In the U.S. we have pipelines that will 
take natural gas from the Gulf of Mexico region to 
where I live in the North East, and we've got natural 
gas storage sites for the seasonal storage of gas, and 
all sorts of things like that, that already exist. The 
idea that we wouldn't be able to build a similar 
pipeline for CO2, I don't believe that is the case. My 
own sense, and perhaps this is just a hopeful 
statement, is that the idea that there is a negative 
perception about CCS, comes through in what we 
see in specific surveys. Instead of saying ‘Do you 
want us to build a pipeline that will be operated by 
an oil company?’ to which the answer is probably, 
‘Well, I think that's not a good thing,’ the more 
reasonable question is, ‘Will you work with us to 
solve the climate problem?’ I think that in terms of 
gaining traction and public perception, it would be 
good if we could present this quite directly as an 
important green technology that will help to solve 
the climate change problem.

Motivating Future Generations
 
Tsuji: How do you view the role of CCS research in 
academic institutions like I2CNER? 
Celia: At Princeton, we’ve offered a special topics 
course on CCS a couple of times. The thing about 
CCS is that the ‘capture’ part is really a problem of 

engineering technology. How do you build 
something to do gas separation or think about new 
materials? It’s really a chemical engineering and 
material science question. The ‘storage’ part is earth 
science, geosciences, and some parts of civil 
engineering. Overall, there are so many different 
disciplines involved in CCS, so it helps to 
sometimes break it up into the ‘capture’ and the 
‘storage’ parts. While we may not have a curriculum 
specifically for CCS, the tools that we need to do 
the work exist in many programs in many different 
universities. That gives me optimism that even if we 
don't develop specific CCS courses, there will be a 
number of students, both undergraduate and 
graduate, who are trained with the skill sets to allow 
them to contribute in important ways to solving 
these problems. 
Tsuji: How can we motivate young scientists to 
carry out research in this area? Are there future 
opportunities for employment?
Celia: I think the best motivation is to invite them 
to come and save the world. In some sense, that’s 
the advertisement because I think that’s what we 
are actually trying to do in some grand sense. If you 
think that an uncontrolled warming planet is an 
existential threat to our species, and to several other 
species on the planet, then, it's not an exaggeration 
to say, ‘Come and save the world, at least the world 
as we know it.’ That's what solving the climate 
problem is, and if CCS is going to play a major role, 
then that's how we motivate students. Our job is 
to give our students the tools, the perspective, 
and the context to go out and make meaningful 
contributions no matter what they ultimately 
choose as a profession. I’m very optimistic about 
this cohort of young scientists and I am comfortable 
putting my faith in that group to go out and solve 
the problems that my generation created through 
the emission activities that we see going on today. 
Tsuji: I agree that our works for CCS are directly 
related to the biggest problems for human beings. I 
continue our research activities for carbon emission 
reduction, and also try to educate young scientists 
to save our planet earth. I really enjoyed this talk 
with you. Thank you very much.
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1 Carbon Capture and Storage (CCS): The process of separating and capturing CO2 
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