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..FD seminar. I would like to start the FD seminar today. At first, we have opening

address from Professor Kawata, AIIT President.

JIH % Ee

Good afternoon Professor Alvin Culaba. Thank you for coming. Good afternoon
everybody. [ would like to talk about his curriculum vitae. He sent me 70 pages. It's
difficult to introduce all his works. Currently, he is Professor, Mechanical Engineering
Department, De La Salle University, Philippines. As our project we sharedmany, many
times at the conference. We shared what is going on in this area in Human
Resources Development, and kindly, he invited us to Philippines, and we opened
several seminars about projects baseline. Now, we call it AIIT Method. Today, he will
take some lecture for us. We asked him to FD seminar in his many experiences. This
time, I went to airport to pick him up. We discussed in the car about the president.
Very interesting for us, and also, I would like to ask him about nuclear power plant,
what is going on in Philippines, and his biodata is too much for me to introduce, but
he has a very high position at De La Salle University and also Philippines. His doctor
Ph.D. he got at United Kingdom, Mechanical and Environmental Systems Engineering
Department, University of Portsmouth, and he has many kind of associations and
committees. Today, we are very happy to hear what is going on in Philippines, mostly
related to the university education and research and energy and also engineering

ethics. So, please go ahead, professor.

Alvin Culaba il

Good afternoon everyone and konichiwa. First of all, I hope you would not mind if I
speak in English the entire time as I cannot speak your language, although I have
been to Japan many times. The first time I was here, | was an exchange scientist
under the Japan Society for the promotion of science back in 1992 at the Tokyo
Institute of Technology. Since then, I was back here, but not to study and therefore

I missed the chance of learning your language.

First of all, I would like to thank Professor Kawata, your president, for giving me a
chance to come and deliver a lecture for you and also last Tuesday I had
presentation for the students. So, indeed this is an opportunity for me. While AIIT
and De La Salle University has about 5 years now working under the Asia
Professional Education Network Project and that is actually the time that we got to

know each other better, personally and also as an institution. Today, I would like to



share my experiences. Though [ wear different hats in the Philippines, being an
academic at the university, I'm a Professor of Mechanical Engineering, but I
specialize in the area of energy. This topic is very close to me, but in the
government, [ am also heavily involved in policymaking. 1 am one of the energy
advisors at the moment and also in the past administration and also with the science
community, being a member also of the National Academy. What I would like to share
with you this afternoon is many work that I have actually done in the university and

also for the national government.

I have actually divided my presentation into two parts. When President Kawata
picked me up at the airport and on our way to the hotel last Monday, I was involved
to mention to him our new development in the Philippines, especially with the current
administration and also in the area of energy and nuclear energy. Professor Kawata
mentioned to me that this may be of interest to you, the topic on nuclear energy
and the rest of the FD topics that I am going to present in the second part.
Perhaps you are very familiar with this face. He is a very popular person now in the
world, not only in the Philippines. He is our new president. He has been less than
six months in office, actually just over 100 days, but has made very important
pronouncements, not only for my country, but to the world. In fact, our President
Duterte was just here last week. He came upon the invitation of your Prime Minister
Abe, and we understand that they had a very productive meeting here. So, we are
very happy, and I know between Philippines and Japan, we have long years of
relationship and cooperation. In fact, we recognized that in the Philippines, it's
actually the Japanese government who has the most assistance given, not only to

the country but to the Filipino people, and we are very grateful to that.

Let me begin my first part. On the alternative energy that we have been continuing
as part of our discussion for the country, that's why I called the first part 'The
Debate Continues.” Just for the sake of everyone’s knowledge, maybe some would
not actually be familiar with my country. We are both in the Eastern part of Asia,
but we belong to the Southern Eastern part, the Southeast part. We are only about
mostly four hours by air between my country and your country or to Tokyo, the city.
We have a population of about over 100 million now, with the country composed of
several islands, about 7500 islands. The capital city is Manila, where [ live, and also
where the university is located. While we have many languages, especially regional
languages, we speak English practically in all our daily conversations, and in our
educational system, we use mainly English, but Filipino is our national language. The
literacy rate for the Philippines is high, 96%, and we are now following, the start of

this academic year, last June, the 12-year academic educational system, so we will



now meet the requirements of the Japanese educational system. In the past, our
Filipino students could not come directly to your degree programs because we lack
2 years. We are only one of the two countries in the world who are actually using
the 10-year educational cycle, but last June this year, we already moved to a 12—
year basic education, and of course, in terms of money, we are about half of the

value of the yen.

That is actually my country but similar to any other country, we face challenges,
major challenges. One of those is of course the growing demand for electricity and
power for industrialization. While Japan has already reached the level of
industrialization, countries like the Philippines are still struggling to industrialize, to
intensify our manufacturing activities. So that is still a work in progress and that is
actually what the current administration is trying to do, but we also recognize that
there is the rising cost of fuel and for the clamor or the need from the Filipinos to
have electricity, the cost of electricity, which is very high at the moment, and of
course, when you talk about energy, it is always very much associated with the
impact on the environment. In fact, the COP21 Paris Treaty, this is the Conference
of Parties 21 where our country including the Philippines is a signatory. There is also
pronouncement from the government that we don't want to ratify, but it is already
a commitment by the government. The reason for that is we have committed too
much for reduction in the CO2, where in the Philippines we don't actually contribute
much CO2, but then because we want to industrialize, we want to intensity our
manufacturing and other industrial activities, we anticipate that there will be more
emissions that we will be able to generate and that commitment to the Paris treaty
might be compromised in that plan, but of course, just like any other country, we

would like also to secure our energy supply.

If you look at the supply and demand for the Philippine energy, we see that the
demand is rising very, very high, much, much higher than the supply, so that even
in the next 20 years or so, the Philippines will not be able to meet the demand for

electricity or for power.

In fact, in the Southeast Asian region, the Philippines has one of the highest
electricity rates, even much higher than Singapore in all the sectors, residential,
commercial, and industrial. The reason for that is that the government does not
provide any subsidy to our power or electricity, unlike the countries of Malaysia,
Indonesia. 1 know Singapore does not also provide such subsidy. Our electricity rates
are very, very high and that is something which the Filipinos and also the business

sector actually wants to address. If we want to actually address many of the issues



that we are facing in the energy sector, we see that a nuclear power or nuclear
energy would be a good option to actually follow, and we know very well already
about nuclear as an energy source. We also know how actually it works, through
actual uranium fission process, and of course, we know from the point of view of
carbon emissions, that it does contribute very low emissions or greenhouse gas
emissions. In fact, according to the IAEA, if there are no nuclear power plants in the
world or across countries, we would actually increase our carbon emissions by
around 10%, and you know that scientific studies show that due to climate change,

due to the greenhouse effect, there are some global impacts on its problem.

We also recognize that with nuclear power, we would have a stable supply of energy,
so if there is any more stable energy source, nuclear, as we know, will provide us
security, and if you compare for every gram of material of the uranium fuel and
equivalent to oil or coal that you use, you can just imagine the potential of nuclear
energy. Perhaps you do not probably realize that Philippines has a nuclear power
plant, but has not been operated at all. It's located in the western part of the
Philippines, in this part of the country, which is around 2.5 hours’ drive from Manila.
If this is Manila in the central part of the zone, this is actually in the particular area.
The site of our nuclear power plant is around 356 hectors, and it took the country
more than 10 years to look for that site that would be appropriate for the plant, and
the engineering work began in 1976, and the safety mission of the IAEA actually
came in 1977, and the construction actually began in 1979. The construction of the
nuclear power plant in the Philippines was completed in 1984 and also that was the
time when the fuel was also delivered, and the plant a year after became actually

ready for operation.

Unfortunately and history has already — in 1986 we had the political problem where
our president then, Marcos, was moved out of the country in 1986 where at that
time, President Cora Aquino, the lady president, the first president we have a
woman, came in 1986 and that was actually the time that because of the association
of the power plant with the past administration plus the issues of corruption and the
safety issues, et cetera, it was never operated, and in 1997, all the fuel was already
sold, but also during that time, the national government also completed our financial

obligation because that was a loan.

The Philippine Bataan, we call it a Bataan because it is located in Bataan, nuclear
power plant is actually made by Westinghouse light water reactor that uses
pressurized water, and it was designed at the thermal capacity of 1.86 gigawatts

while the rated power output was actually 621 megawatts of electricity.



Okay, 40 years later, are we now ready again for a nuclear power plant? At the
moment, the plant is under preservation mode since that time, where our national
power corporation is the caretaker, but NPC has no jurisdiction whatsoever on how
the plant will be utilized and that the plant is still under the department of our
finance. Proposals for conversion actually has been there for many years, and given
the current conditions and situation on the escalating fuel costs and prices, the
increased competition in the supply market for fuel, oil, and coal and also amidst the
need to look for an alternative fuel source that will address power consumers and

investors concerned in terms of quality, reliability, and cost of electricity.

We are actually open to nuclear power, but only 24 hours ago, maybe you may have
also read a newspaper that our president now is very much concerned about the
safety issues of nuclear power, so he is not saying though that we will not go for
nuclear power, but in fact he did mention here that this still remains as an important
option in the future. After all, even if we build a nuclear power plant now, it will not
be there in this time, for 6 years, because normally it will take years to do the
planning, feasibility, et cetera, probably 8 or 10 years to build, but there was already
pronouncement from the government from the minister of our energy that indeed
there is a strong interest in reviving nuclear power in the country, but I think there
is no better time, being in the science community, to look at nuclear energy again
and study. After all, it will take years before you are able to develop, but it requires
a lot of preparation, building capacity, and of course assimilation, new technology in
nuclear reactors. In fact, I was here years ago in Japan, and I had a chance to visit

Mitsubishi, I think. There were already developments of modularized nuclear reactors.

B EEOF TR
Toshiba?

Alvin Culaba Gl

Toshiba. Yeah. I think that will very much fit into the geographical profile of our
country because we are composed of different islands, so maybe that will probably
be a consideration for the future, but as we all know the nuclear trend in the
industry today is that we cannot get away with nuclear power. Still, the world is
supplied up to about over 10% of the electricity requirements, and there are several
hundreds of nuclear power plants around the world, and I think it has been proven
that the technology of nuclear is sound. Of course, there are already many issues
that are associated with the nuclear power industry other than the cost is always
the safety. In fact, the cost in countries like Philippines where the ethical issue

comes in, but that really also compounds the problem or the decision of the



government to consider nuclear energy as a source of power for electricity, but of
course the waste disposal, but [ think waste disposal is something, which can be
handled primarily because that is already a given that there will always be fuel waste
you have to deal with, which may be radioactive, but there are already means to
dispose—off safely nuclear waste, but [ think the most compelling issue here is really
related to safety. Safety will always be an issue as there have been already several
major events that have transpired including the most recent one because of the
tsunami in East Asia earthquake in 2011. [ think that creates some more concern for

our national government to reconsider the nuclear energy option.

But certainly in Southeast Asia, we are no different from Malaysia, Indonesia,
Vietnam, and Thailand. We recognize that again if we want to secure our energy

supply, nuclear option should always be one of the alternatives.

If I just bring you back again to how the Philippine of Bataan Nuclear Power Plant
actually developed, starting in 1970, during the time of Marcos, but I think it was
already anticipating also that at that time as we move towards industrialization, we
will really need to secure our supply of energy, but then it was overtaken by the
many energy crisis that we experienced back in 1973 and in 1991, and in my
country, we are already having an impending power crisis, which we anticipate as we

actually intensity our development.

So, you can see that it has already been 40 years since we actually ventured into
nuclear power, but in recent years, the government has already requested the IAEA
to review what we can do with the nuclear power plant that we have already in
place. They actually recommended for, they want to see a very clear nuclear energy
policy. In fact, on the 25th of this month, I have convened the stakeholders in the
nuclear power industry and meeting with also our politicians. If we can craft a
nuclear energy policy for the country in the light of the renewed interest, but we
know very well that when we talk about energy, it's always a long—term horizon. We
are talking here of 15, 20, 25, 30, 50 years. You don’t talk here of only the year of
the administration of 6 years or so. Also, to implement nuclear preservation and
maintenance of the plant and also some verification of the existing systems and

again feasibility study on rehabilitation of the BNPP.

On the KEPCO side, this is actually the company that has been commissioned to
reevaluate our existing nuclear power plant. According to their report, about 25% of
the equipment needs to be replaced. I don't know exactly which among of these

equipments will need replacement, and the rest will have to be rehabilitated and



bested, and according again to the report, it will require up to 5 years at a cost of
$1 billion US dollars to actually rehabilitate the plant, that is why there are also
many proposals from different sectors. Of course, there were questions about the
location or the site that is not safe, that if we move it somewhere and just build a
new plant, it might be more cost effective for the country. That is not something
which is very clear but certainly under the current government; there is already a

sign that we are again interested in pushing to nuclear power plant.

What have we actually lost as part of an opportunity? Had the power plant been
operated, that would actually mean 621 megawatt of energy that would have already
supplied up to 10% that would be needed by the Luzon Island in the Philippines. It
could have reduced very much our electricity cost, which at that time was actually
calculated to be around 2 pesos 50 cents, that's about 5 yen, I think, per kilowatt
power, but now we are still over that particular rate. And of course the cost of
rehabilitation is also something which is probably now would be used to develop
renewable energy power plants rather than use the money to rehabilitate or build a
new power plant. By now, the plant must already be probably closing to its economic
life of 40 years. Maybe we will have to retire, but if it has been there the plant is
still secured, never been operated, and it remains safe anyway in spite of the many
natural disasters that have come into the country. In fact, this has been used as a
tourist site where people just go there and see the power plant. There is nothing

really you can see there other than the building. They don't allow.

Moving forward, back in 2010, the national power corporation, which has actually
mandated to develop any nuclear energy program for the country has done some
study and came out with other sites other than that particular site that nuclear
power will be feasible in the country, but [ think this will require revalidation if indeed

nuclear power plant will have to be built in any of those sites.

Again, yes, politically and economically that is already something which any
government would actually consider if nuclear power energy would be the source of
its energy, but again, the main issue even before was really about safety and
integrity, and I must admit that anyway it's in the reports and anyway in the
worldwide report that Philippines has of course reported to have high corruption
practices, and therefore, 1 have been told, assured by my colleagues, very senior
officials, before that one main reason why the nuclear power plant is not being
pursued in my country, primarily because of the corruption. Even if you get the most
modern and advanced technology and design for the plant, it can be compromised

because of corruption, so ethics here come into play. Of course while we have to



recognize that engineers follow very stringent ethical standards and practices
including the code of practice of the profession, but again, in reality there is always
this element of corruption and maybe that will compromise the integrity of the
structure or of the plant with the use of substandard equipment or materials. So
that is something which needs to be addressed, and I think if our current
administration succeeds because this is what our current president Duterte wants
too. You may not be able to eliminate corruption, but at least if you can actually
significantly reduce and be ascertained that corruption and transparency in
negotiation can be done, then I think the safety issue and integrity issue of the
nuclear power facility could be achieved, and [ think the government would be
convinced that I think we will be able to have a safe nuclear power plant, but [ think
the president now believes that because of the corruption that even he himself
recoghizes and still it's just starting to address it, then that is probably one of the
reasons why he doesn't really like building a high—risk facility when you can have

always alternative sources of energy.

But of course we have many lessons learned from the experience with nuclear power
for the last 40 years, and what the ministry or our Department of Energy actually
is planning to do at the moment is for us to plan if indeed you are going to revive
or to build a new nuclear power plant, it will require 10, 15 or even more years to
start building your nuclear engineers. I remember before when [ started also taking
an energy program at the University of Philippines, there was a nuclear energy
program at that time, which was taught actually by foreign experts and academics,
but now there is not a single nuclear scientist in the Philippines, so if you are going
to build a nuclear power plant, then you would require to train and maybe offer
programs that will build the capacity that would be required in operating and
maintaining a nuclear power facility. So, what we should be doing now is we keep our
options open while absolutely necessary for us not to be distracted, of course, by
also our efforts to develop renewable and indigenous sources of energy, which can

be implemented within the short or medium term.

That ends my presentation on the nuclear energy program in my country, and if you
have some questions or clarification, I will be happy to do that. Otherwise, I would

like to move to the second part of it

FBFDZ H

Questions or comments?



W 7
May 1?

FBFDZ H

Yes, please.

e

Thank you very much for interesting presentation. My grandfather of my mother had
lived there in Manilla and he died there, and so I have very strong relationship with
your country. Thank you very much. 1 have two questions, one is about the
terminology. Very sorry but I have no expertise about energy and engineering and so
[ am not familiar with the terminology of energy security, so I would like to have a

very simple explanation additionally, please.

Alvin Culaba fhifi

Energy security simply means that you have a supply for your energy requirements;
both power and electricity that you do not depend on purchasing from Middle East
for your oil-based power plants or you have a renewable energy power plants like
from solar, wind, which are actually intermittent in terms of your supply because
they are not regular sources. They are always times when you have very good solar
but half of the year, you don't experience that. So there are more variations in the
supply, that it is very difficult to be able to give you the necessary energy required
to power your plants, your commercial and other industrial — so when you talk about
security, it means also that you have to be able to supply your own needs without
being affected by the cost of oil, for example, the crude oil in the Middle East, that
it affects also your balance of payments or dollar reserves. So, if you have your own
energy supply, like for example from the nuclear, then you will have a very stable —
and you can plan your industrial activities and manufacturing activities because you
know very well that you have a source of energy, which is not intermittent, which
is more or less predictable, very stable, and that is actually what nuclear power
provides. At the moment, we are still close to 60% dependent on imported oil, so any
changes in the world market always affects our — so if the cost of your energy rises,
your crude oil prices, that also affects the local prices for your fuel, especially in
transport and in manufacturing. So, energy security, it means you have a stable
supply for your power and electricity without being affected by the changes in

political or any other cost changes like the price of oil in the world market. Okay.

Eped

Okay. Thank you very much. Can I continue to the second question?



FBFDZ H

Yes. Yes, please.

e

My second question is about your plan of the safety because we have some kind of
very similar situation. We are surrounded by ocean and sea, and we have very high
possibility to have a tsunami and earthquakes, and so at this time, the new
requirement or some kind of verification you said, the system verification you said,
so | believe there is a need to have some kind of check or predictable system or
some kind of nuclear plant, which is the best place to have a nuclear power plant
or how should I do at the time of tsunami or earthquakes, so how do you have a

plan to protect the disaster?

Alvin Culaba Gl

I am not part of the nuclear power team, but my actual discussions with some
stakeholders [Unclear] science community, in fact they have not seen this report of
the national power corporation that actually identified this particular area, but this is
already a published report, but according to our National Institute of Geological
Sciences, there is the only one feasible and safe place to have a nuclear power

plant, which is here in Bataan.

e
Why?

Alvin Culaba Gffifi

Why? Based on geological and also hydro — well, this part of the country is actually
on the South China Sea, the western part of the Philippines sea, so these are not
very much affected, unlike in this part where it is the pacific ocean where most of
the storms and typhoons, even the largest, strongest typhoon that visited my
country back in 2013, I think, Haiyan, Yolanda, they all come from the eastern part,
that's why this is the site where the weather — and it goes up to your country here
in Japan, but on the western side, you normally do not experience that, but I think
other than the weather, it's the geological — because in many of these areas, they
are actually passing to the fault, the geological fault, and 1 think even this site is
actually vulnerable to that, but I know just like any other design, that is always
accounted for, so I don't think in a normal or — unless in an extreme situation, |
think this particular plant that we have can be — because for many years, in the last

about 30 years that this has been there, nothing has happened to the plant.



e

40 years?

Alvin Culaba i
30 years. 40 since we started the plant because it was made in 1984. It was
completed in 1984 and supposedly operational in 1985, so you are talking here about

30 years, so it's still intact. It's still there.

e

Okay. Thank you very much.

FBFDZ H

Okay. Any other questions or comments? Okay.

B E I JERH

I would like to know about education program about nuclear power engineering. In
Japan, 40 years ago, when [ was a university student, many young people would like
to go to that faculty of nuclear power engineering. It was one of [Unclear] of our
nation, but recently, it has become the dirtiest engineering. So, even the University
of Tokyo, they changed the faculty of nuclear power engineering to the different
name and different faculty. Only they have professional graduate school of nuclear
power engineering, so how about the education program about nuclear power

engineering in Philippines?

Alvin Culaba Gfifi

Actually, as I mentioned, today there is none. In the past when the then President
Marcos really made it a national program that nuclear power plant will be built, so
a program on nuclear energy was actually established in the University of Philippines.
At that time, we didn't also have any nuclear scientists or engineers in the country,
so they brought experts from all over the world to teach. When [ came into the
university at that time, the nuclear energy program was still there, but there were
no more students already, and there were no teachers, and Filipinos, those who were
trained, those who started because it was not operated years after, they all left the
country. They went to Taiwan, maybe some here to Japan but I know Taiwan and
Europe where the nuclear power plants are located and there was a need for, so
now we have one nuclear scientist who is probably about over 80 years old now but
never practiced nuclear energy already, but other than him, there is none, so if —
and [ think this is something which I would like also advice the government that it

is important that we have to consider nuclear as an option in the future. After all,



it requires a long period of planning and strategy, so we can start building our
capacity, nuclear engineers. The only problem there is that of course if you produce
your nuclear engineers, where are they going to work? So maybe they will be going
to places where there are nuclear power plants, but at least if there are Filipinos
now who can be trained in this field and they know that in the future, in the next
10 years or so, there will be a nuclear power plant, I think there is an opportunity
for us too — but just like any other technology, there is always high risks, and being
an engineer also, | trust that the technology already addresses the safety. After all,
that’'s been shown that there are so many hundreds of nuclear power plants around
the world, and it's just like probably flying by air, you can always experience, but that
is the probability of having such occurrence. It's very, very small, and [ think it
applies exactly the same to nuclear power. I don't think any country for that matter
would ever build a nuclear power plant that would compromise the safety of its
entire country because I think just one nuclear power is probably entirely affect the
whole country but such a small area. But I think it's about time that we
reconsidered because energy is very, very important, especially because of the
environmental pressure that is being placed into countries, into people, into projects,
so if we want to have a clean and sustainable and secure supply of energy, I think
nuclear energy for me is the best option. It's just the risk is high, but just like any
other — it's like business also, the higher the risk is, the chances of success in
becoming — but if you have a nuclear power that will — you have a stable supply of
energy from nuclear power, in the mean time you can start developing alternative
sources, especially renewable energy sources and modular — and allow the nuclear
power to do your base load requirement for power and electricity needs, I think.

Thank you.

B AR
Thank you.

FHEFDZ B F
Do you have any questions for — maybe we have time so I would like to ask you

next part.

Alvin Culaba &Rl
Okay. What time is it?

FHEFDZ B E
Now, 3:38.



Alvin Culaba
3:38.

iﬁ

fili

FEFDZH R
37.

Alvin Culaba iRl

Where is the second part?

FBFDZ H

Yeah, this one. Yes.

Alvin Culaba fii

Okay. Right. Let me continue and for the next 30 minutes or so, this bit is a long

S

information here but I can move fast, but at least you have copies which you can
share also even with some students for the details. But in the interest of time, I
would like to move a bit faster in this part. In the second part on ’'Alternative
Energy, The Search Continues.’” In other words, we are always in search of a new
source of energy, but in recent years, in the past 2 or 3 years, we have seen the
drastic reduction in the price of crude oil, so even now we still benefit from that low
price of crude oil at the world market, and this allows us to actually do an
opportunity to actually look at an alternative source of energy. I started my career,
my research in conventional to renewable to now alternative — because I have done
study for the country on what would be our emerging sources of energy, what came

out was actually algae.

So, I moved to algae. | was the first to start doing research already since 2010 when
[ went to the US as a visiting professor of Florida State University. I started already
working on algae, and since then I came back to the country, I have started moving
towards this, but what actually drives microalgae as an alternative fuel source is that
it has actually a big market worldwide. The oil, omega—3 oil is actually predicted to
reach over 4 billion by 2019. Other than of course we know that if you develop
microalgae, there are other products that you can actually produce from the material
other than for fuel, and there is a big business industry on this. I do not know here

in Japan how big is the algae industry, but why microalgae as a biomass resource?
Certainly, there are good characteristics that show the material is a good source for

fuel. The algae has an oil content, these lipids, that you can extract and produce

fuel out of that, but of course, there are other benefits, but if you want to grow



algae, the good thing about it is that you can also cultivate it. You can grow it in
not necessarily a natural source but you can do it in a laboratory scale or indoor
using actually what you call as PBRs or photobioreactor, and also to address the
greenhouse concern, then you can also use microalgae for carbon sequestration.
These are two of the activities that I am heavily involved in where my students
actually are doing with me. So, microalgae is a biomass material that you can
actually grow with sunlight, with some nutrients and then you produce the biomass
material and that biomass material can have an oil content. So, basically, it's actually
through the process of photosynthesis from sunlight or even artificial light, and of

course, it requires carbon dioxide, so you produce your algae.

If you look at the different algae strains, the different algae materials, you can see
the different — it limits the source of your oil, so there are really potential for
certain materials that have high oil content that you can actually grow and produce

oil from it.

The material can be used to produce both biodiesel and bioethanol. Bioethanol from
the carbohydrates, part of the algae, and for biodiesel, the oil in the fatty acids that

the material actually contains.

There are many common algae strains, and these are among the common in the
Philippines, and there are hundreds, even thousands, in other countries, but what's
the prospect of this material in the Philippines. We are a tropical country like
probably yours probably as well, but we are at an epicenter of algae biodiversity,
mainly because we are composed of several islands, and in fact, it has been studied
already that there are many actually very good materials on microalgae strains that
are available in the Philippines, so what are the major opportunities for using this
material? These are the two that I would like to share with you for the bioenergy
and biofuels and the carbon fixation or carbon sequestration, but of course, there

are other uses of microalgae if the material can be fully developed.

The bioenergy researches I have, 1 am the head of this. It's one of the biggest
research group in my university, and we have different areas that we work on,
although because I am a mechanical engineer by background, I focus more on the
drying technology, but I am also involved practically in the other areas like
cultivation, optimization. So that is the whole area of bioenergy work that we do in
the university, and we of course recognize that if you grow or cultivate the material,
there are many processes and functional uses of the material that you can actually

generate using of course different engineering and chemical processes to produce



your desired material such as your bioenergy products or biofuels or even other

high—value added products.

So, algae becomes a promising drop in fuel production, but if you produce oil from
algae, the cost is still very, very high, still very expensive, but let's not look at the
cost. Let's just look at the process of actually producing algae as your material to
produce your biofuel. If you do develop a mass production of the material, the most
common is open ponds. These are raceway ponds, but they are vulnerable also to
contamination. It can be contaminated because of the open environment. It's not a
controlled environment. This is the main reason why despite the thousands of algae
species that are available, only a handful can be grown commercially using open -

primarily because of this problem.

New developments have actually come to develop photobioreactors so that you can
mass produce your algae material through photobioreactors and you now actually
solved the problem of contamination, so with my collaboration with different
institutions, primarily with University of Arizona, we are now actually developing
photobioreactors in my lab in my university. So for our project—-based learning
number one, the design of photobioreactors. We tried to eliminate the use of open
ponds because one is, aside from contamination, you have to use large amount of
areas whereas with probably same amount or quantity of produce, you can achieve
that with the use of photobioreactors, so you can develop — so we started to
develop our own photobioreactors, but of course, with knowledge and experience
through our collaboration with other universities such as the University of Arizona,
and we have looked at the different designs, and we have seen the production’s
productivity of that particular design, which varies significantly depending on your
design of the PBR.

These are the modes of algae production. It could be photoautotrophic, hetero or
mixotrophic and that's why you have to handle and consider the design of your
photobioreactor. To do that, to address, one of the many efficient designs for
bioreactor are those which are called accordion, so we are also trying to study and
at the moment we are trying to innovate on the design of the value of reactor. This
is the general design concept. You place, for example, your reactor into this box so
you can contain your system, your boundary of the system, so this is a conventional
airliftt bioreactor where you have the source here, the material, and then on both
sides and it comes out there by gravity, by pressure, but we looked at different
designs like accordion where it's like a zigzag design where you allow the outside

supply to flow on the outer portion and through an accordion or zigzag flow to



actually allow the material to go out of the system. So there are several designs of
your scaffolds and these are all in the design stages. We have not proven yet which
among them are — so that is what our students are actually trying to do, so maybe

you can help us, the IT here, the design reactors or how it can be done.

You have an air loop bioreactor, so you have several of those concepts, and these
are some of the varying numbers of — actually you can have multiple accordion flows
inside the reactor, so these are some of the ideas that come out from the students
and the faculty that work on that, so you can see how there could be some

variation in the design.

Of course in the design factors you have to consider the pitch, the number of
scaffolds, the gas flow rate, but of course we have already some software or
computer designs that we can use to analyze such a system, so these are some of
the experimental designs that are used by the students to test the different
photobioreactor designs, and these are some of the design factors that came out
from the gas mass transfer efficiency that shows the potential design architecture
that you can use for your photobioreactor, and if you can see the double air loop,
you can see that the dark rate is actually the better. That means it shows here that

there is already a growing amount of algae in that particular stage. Yeah, go ahead.

B BEFERHR

What's the image of the time of this? How long does it take?

Alvin Culaba kil

How long? How long?

Bl BEFERHR

How long?

b

Alvin Culaba Gfhifi

Yeah, at the moment, there are only some two weeks, four weeks. It depends on the
design. In our study, the one that we have designed at the moment, it takes two
weeks, but these are small scale. But again, that's why what we are doing is we
have electronics students working on the automation of the monitoring of the
system, so these are not mechanical or chemical. They do the automated monitoring
system by applying sensors that would actually look at the pH, the dissolved oxygen,

and the salinity. These are the critical that you need to know as part of the



condition to be able to grow the algae. So, through the use of this monitoring
system, they use the optical density matter. Basically what it means is if the optical
density is high, that means there is more growth in algae. Actually, this is a video
but never mind. It will show you anyway how actually the different sensors monitor
the parameters so that you can see that there is the increasing growth in the

material and then you can verify that through your optical density value.

Let me go through the project—based learning number two, the dryer design studies.
You know, in microalgae, this is where I am heavily involved. We found out that it is
intriguing [ph]. The algae material mainly consists of water. It's very wet. We have
to reduce up to 90% of the water, so only 10% moisture content, but it's not very
easy to remove the water content from the material because the lipids are actually
at the surface. You apply different heating technology, it will destroy the lipids and
your oil, and still you cannot dry the material, so we have to do some analysis — so

we have to start developing different drying technologies.

e

We cannot use the microwave?

Alvin Culaba #fifi

We do have already convective and microwave.

W 7
Okay.

Alvin Culaba il

Yes. So, this is the idea of the students and faculty. We have to think of how do
we — that is why we ended up with the induced pressure, which is later on one of
the PBRs that we have using software on molecular dynamics because in the
material, there is an inherent water activity. There is a flow. It depends on the strain
of the microalgae material that you have. The flow of the water varies. It's not easy
that they just evaporate. No. They have the flow inside. You apply too much heat;
it will not go out, that's why you have to apply some pressure so that the water will
move out and then plus the heat, so there are several — so we look at different
designs such as solar dryers, convective like in oven, infrared, microwave, and of

course induced pressure.

We have seen some results on the drying efficiency. At least it gives you an idea

which among those drying technologies will give you a much better drying efficiency.



But again, sometimes the drying is okay, but the amount of lipids is affected, so you
have to compromise the design. Our group has several collaborators within industry
also, so we tried to put together an interdisciplinary team, and now our research is
already funded by the industry, by the company, and we also publish anyway, so if

you want to know more about our work, we publish a lot.

This brings me to the next PBL, the molecular dynamics. This is again you using a
software to analyze the — you know what happens inside the material at the nano
level, molecular level analysis. You can see how the thickness — we monitor the
thickness of the surface that the lipids actually are so that we do not destroy it and
later on you miss extracting the oil. We use mathematical computational molecular
dynamics method to do that. We have a software, Gromacs, where the students
actually work on it and do some modeling studies. Here, in this initial results showed
that it requires certain pressure so you can extract the water molecules from inside
the material. We worked with Osaka, the methodologies with Osaka, the Kasai
Laboratory, Kasai—sensei [ph]. We worked with his team. Hideaki Kasai is now the
president of Akashi College. We worked closely with him. They are the ones who
brought the molecular dynamics algorithm, and then we tried to study and work with

it. We have also some publications now on that work.

Optimization study. Of course, we developed our own software and algorithms to be
able to assess. For example where in the whole country there will be a good site for
algae for growing or cultivating algae. On the basis of these four criteria. Cost, the
source of natural source, social acceptability, and of course whether there is an
industry or companies that can support. So this is our study we made to identify
and run which part of the country, which means region for a year, which is the
excellent source for microalgae, but that is a work of students also, of our research
students. Our group here, we collaborate with Texas A&M and Nottingham with the
methods because we developed our own algorithm, our own optimization software.
It's composed of students, faculty, and researchers, and we have several publications

on that.

One of the interesting work that I am involved with at the moment is related to
carbon sequestration. We used microalgae to sequester, to remove the carbon
dioxide from industrial emissions, so this is in collaboration with NCKU in Taiwan. I'm
working with Professor Chung on this and we have already many students interested
in this work, so basically we want to correct the carbon dioxide, which is used to
actually grow the algae, so the carbon dioxide comes from the flue gas that comes

out from the burning of the fuel or from the plant. Anyway, I don't know if this



works.

B R FERHR

Carbon dioxide.

Alvin Culaba 4

Anyways, it's a video about it. Basically what happens is you produce the flue gas,
you collect the flue gas, you allow it to go through the algae. You dont need but
a reactor. You allow it because CO2 is important. Maybe it can play. Yeah, next

slide. Yeah. There is a volume? Okay. But you can see anyway how it is recognized.

So from the flue gas that comes out of the plant, you allow the carbon dioxide to
pass through your bioreactor, so it will enhance because algae requires CO2 other
than the sunlight, so you collect the gas from the pipes. We were doing a laboratory
scale in my lab also. Yeah, this is where your flue gas actually passes through the
strain and then now you produce your algae. So, rather than release the CO2 gases
that will contribute to your greenhouse gas, you collect the gas and allow it to flow
through to your photobioreactor. You flow here. Okay. It's a set week [ph].

All right, so this is actually the schematic diagram of how you can sequester the
carbon dioxide. That's how it's done from the emissions, then you allow it to flow to
your algae material in a photobioreactor. There will be some limitation [ph], etcetera,
and then it will enhance the growth of your algae. This is very important because if
you want to actually mass produce, to increase the yield faster, you need supply of
carbon dioxide. You can locate it in near a plant, power plant or fossil fuel power
station, cement. And Taiwan has already generated — but again it depends on the
strain in the algae material. These are some of the results that already show that

it enhances the growth of algae.

That is as far as the algae research. I am also involved in solar car. The first
Philippine solar car was built in my university, and in 2013, we actually participated,
competed in the world solar challenge, and I was the head of the Philippine team.
This solar car is built by the students. It's not built by a faculty. Only by the
students but this is supported by many companies because of the cost. Like for
example, the solar panel is actually by SunPower in the Philippines and
manufacturing company in the Philippines. The material for the body of the car is
from Germany, which has a very high power—to—weight ratio. In other words, it's very
strong material and yet very light, and of course, the battery — but the design and
everything and the mechanical and the electrical are all developed by the students.

[ am part of that group. We allow the students to do their design similar to what I



have seen in your laboratory, the PBL lab, shaping. The difference is as I had my
lecture last Tuesday, the difference is we have a crude way of designing it. We do
not have precision equipment. We do not have rapid prototype equipment. We don't
have a wind tunnel, so this is all manual, but we raced in 2013, and we won third
place, so at least it showed that we can develop, so this is where we finished in
2013.

Eco car. This year, we won the Asia competition and went to London for the world,
Asia Eco Car. Eco Car is about fuel economy. Unlike the solar car, it's more of using
solar energy. Here it's fuel but in the case of this particular category where we won,
it's actually electric battery, so students developed this through, of course, design
soft wares and used again software for the electrical boards. These are students
working. Only students. Because the rules say it has to be done by the students.
These are really [Unclear], typical business project-based learning activities. They
design, they test. These are in our mechanical lab, and this is the competition. They
won the first place in Asia. This is my daughter. She was the head of the team. The
only lady in the team. My eldest daughter. She went to London and they competed,
but they did not win there but at least they competed. That's why my daughter

knows how to build similar to the lady student I saw auto—making car.

[ also head the Microhydro. I develop microhydro power plants. The recent plant,
microhydro power, that I built was 10 kilo in the Northern part of the Philippines, but
in the whole project which 1 head, we have about 12 people. These are different
areas. Controls, structures, the power. Different students also working, civil,
electronic, so again, this is a very good PBL project for students and different — in
fact, we involved business and economics students so they work together. The only
difference is many of our projects are not industry supported, but here, this is

funded by one of the energy companies.

This is my research team, the core members, but we have so many undergraduate
students. My latest initiative — to close, I think I have few minutes — is I have
actually built, organized, and established an LGB lab. You can check new website.
This is where the industry is involved. So primarily to build an ecosystem, this one,
ecosystem where we will involve private enterprises, universities, the government,
some investors, and the global partners, and this is the product. This has been
established last September 24th, and I am the principal founder of this because [ am
now on sabbatical leave. [ am no longer in the admin, so [ have time now to work

on the labs.



Yes. Acknowledgement. Okay, so that's about it. It's a bit of quick one, but I
understand because of the time constraint, but if there are any questions, I would

be happy to. Okay. Thank you.

FEFDZ% 8 5

Thank you.You have a question, yeah.

B F AR
Just a technical. What's the representation of molecular dynamics? Differential

equations or some algorithm or some...

Alvin Culaba #fifi

Yeah. Differential equations.

FHEFDZ H

Differential equations.

Alvin Culaba Gfififi

Yeah. We use Gromacs, but we tried to because we didn't realize that there is this
inherent water activity, so we have to study also the chemistry and the biology of
the material. The mathematical algorithm is mainly on the flow of the fluid because
it differs from one material to the other, and we use differential equation for that.
But the other are basically chemistry and biology problems that they do an analysis
on the other instruments, but the development of the ability to analyze the molecular
dynamics is yes differential equations but that is primarily on the floor of the water
because that was the last drying experiment that we did. Before we started with
microwave, it didn't turn up to be very efficient, so you see one, two, three, four,
and five, on the fifth — and until now we are studying four different strains, different
materials, so for every material that we are working on, we do already a molecular
dynamic study, but we try to eliminate this because it cannot achieve the removal
up to 90% or to remove up to only 10% moisture content. In no way you can do that
using a solar dryer, so it can. It can dry, but you will have to do mechanical drying
or sun drying. Once, it's a bit dry, you remove it and then sun dry it and then
mechanically press remove it, but a very crude way and inefficient way of removing
the — but the best way scientifically to remove is to induce pressure. You apply
certain pressure inside so that you push the water out initially and allow the gravity
to — and of course the heat, which actually when the temperature rises inside, the

water molecules just start moving up, but otherwise, if you do not do that, you will



burn the surface where the lipids are and where the source of your oil is and
therefore you will not be able to use it for biofuel, but if you are going to use the
material for other purposes, you can do it. But our focus is on the energy side, so
that's why it brings us to that area or problem. So, we have many things. These are
done by physics students and some engineering students, but mainly physics. They
do the analysis. Our team is composed of physics students, biology, chemistry, of

course engineering, electronics, mechanical, computing, and chemical. Yes.

e

It's cross—disciplinary?

Alvin Culaba Gl

Yes. That's why we are big. We are very big group. Yeah. But we use it as a —
because I learned PBR, from your experience here at AIIT, so I think for me it's a
good — because we are now moving to outcomes based on curriculum or education.
We have to provide project—based learning platforms, so | translated or transformed
my research, which is highly scientific and only for grads to make it more a project—
based learning for undergraduate students. So they do already similar to what you
do. [ read your PBL projects, and they do similar things, except this is only in the
area of algae and energy because I am the head of the group. We have fairly good

results and good experience with the students.

FHFDZ R
Yeah.Do you have any questions? Yes, our planned discussion time is 30 minutes, so

we have left 10 to 15 minutes.

M 4

May I have a question?

FHEFDZ H &

Yes.

G

Thank you very much. Very impressive story. Yeah. It was a very impressive for me.
Thank you very much. Actually, my student manufactured a hybrid rocket system in
this summer, and so it was a very good experience for them but they manufactured
a hybrid rocket system by themselves. It was a very good experience, so I

understood you have already made a very high and many contributions to the field



of green energy, especially microalgae biomass, so this is very impressive story, and
so I would like to know do you have a plan to be leadership country in the world

of green energy industry or still already number 1 country?

Alvin Culaba Gl

No. I wish we can bring the Japanese technology to us. Yeah, in fact I was asking
whether in Japan if there is an algae industry. Do you have? I do not know working
but because the material is endemic in countries like ours. Okay. So, we have this.
Algae Bio—Innovation Global Hub. As 1 have mentioned earlier, Philippines is the
epicenter of algae biodiversity. In other words, we have so many materials, except
that we don't have the technology, even limited knowledge, so that's why we have
so many partners because I don't have — in the Philippines we have very limited
expertise and knowledge, even if they are available in the literature on the web, but
there is no substitute for learning by doing, so our goal is really to be in the Asian
hub, and in fact, I am bringing the whole thing to Thailand on November 14th to
18th, this month November, to attend the APCAB. This is the Asia—Pacific
Conference on Biotechnology, mainly the phycologist working on algae at Algal
Biotechnology. I am not a phycologist. I am not a scientist, as I am more of an
engineer, but we need to know them. We need to introduce what we are doing so
that maybe they can collaborate. Maybe they will recognize that we can be
assistants to their problems because we have done quite the number of things, and
therefore, we are happy to collaborate, so in fact I wanted to know in Japan if there
are interests because even in Osaka, they don’t do any research on algae, but they
have their lab on computation and materials development and yes design and using
molecular dynamics method. So, really said, I think when we sat down with Professor
Kasai, he said our method can help address your problem. Now, if we can find also
collaborators here or on the area of technology, I think really we can move faster.
We have obsolete technology. We don't have the equipment. Like our solar car, we
don't have wind tunnel to test the aerodynamics. We have to do the aerodynamics
testing through a prototype, send it to Malaysia, but it's the prototype, not the entire
car, but in other countries, even in Malaysia, there are wind tunnels put in a
helicopter and it was in an aero, so in my country we do not have that. So the
technology is very important. Only through collaboration we can move faster to
develop because we have the material, we have partly some knowledge, but we need
the technology to do the analysis maybe a more sophisticated algorithm we need
maybe because maybe we have limited knowledge on our mathematical. I don't know,
but at least we are showing positive results, and we want to — actually my objective
here is to provide advice to the government whether to invest in algae or not, so

I want to extend another 3 to 5 more years to study and advise the government



that algae has no future or algae, yes let's go for it, because in the past we did that
for jatropha. You know, jatropha for biodiesel, in abundance in India. It was successful
in South America [ph]. There were no studies. The government just followed what
the other countries did. They put in a lot of money only to find out after 2 vyears,
a study by the University of Philippines that it's not feasible in the Philippines, so
we stopped. The government stopped it. Because the science was delayed, was
after, not before. That's why now we want to put science first before the

development.

e

Okay. [ understood. Thank you very much.

FHEFDZ B E
Okay, that's right. Okay. Thank you very much.

b

Alvin Culaba Gfhifi

Thank you. Arigato. Wakarimashita. Thank you and [ hope | was able to share what
I do and what we do in my university and also in the Philippines. Again, thank you
very much for coming, and I am really very grateful to AIIT, Professor Kawata,
Professor Murakoshi for facilitating this. Thank you. I know you were running after
me. [ am sorry I was late. [ was looking at my watch, which is the Philippines time.
Because Philippines time is one hour late. You are one hour ahead, and I was just
sitting and they were there. Until professor told me that you have done. I have

lecture now. Anyway, thank you so much for your time.

e

Thank you.

Alvin Culaba ifhifi
Thank you very much.

FHEFDZ H &

Thank you, and we have present for you. Please.

NI 5

So, this is the certificate of appreciation to you for your outstanding presentation.
We, Advanced Institute of Industrial Technology, AIIT from 2016. I am Seiichi Kawata,
President of AIIT. Thank you.



Alvin Culaba il
Thank you very much.

B A RHR
Okay.

MWBFDZ B
Okay.

Alvin Culaba il

Thank you very much. Yeah, you are most welcome to come and join the team from
AlIT to my university. We are in Manila. Not far from Tokyo. One flight. Direct flight.
Please come to Philippines. And if we can — I don't know how we can collaborate.
I don't know but you know already my work, so if you think there is an opportunity,
yves I will be happy to work with some students, maybe some industry students who
want to spend a week just to learn the Philippines, like the local materials or energy.

No problem. I can host you anything. Thank you very much.

FBFDZ H K

In other words, for Tuesday, you don't have appreciation.

Alvin Culaba fhifi
Thank you. Thank you.

01:41:37

B SR FERHR

And this is Meoto Jawan. Meoto means husband and wife. It's both for wife.

Alvin Culaba ki

So, I have to share with my wife?

BERFE
Yes.

Alvin Culaba #ffi

That's good. It will be only one half rice. One half for her. One half for me. Anyway,
thank you. Thank you for this. Thank you very much. Thank you very much.



B R E e

Salamat.

)

Alvin Culaba fhfi
Salamat. Salamat.

Thank you.

B DF AR
Yes.

Alvin Culaba g#Hhii

But it's also to coordinate so if students want to come.

B BEFERHR

Are you okay to open students?

Wb

Alvin Culaba
Yeah. Yes.

sty bl

B AR R
Okay. Yes.

Alvin Culaba fhifi

If they are interested, they can email me. So maybe there will be an opportunity, but
yeah, 1 want to have more work not on the project but student collaboration. I want
to learn more on do the PBRs. Mine is crude. From your materials, remember you

presented before, so I just use that, a model. But I know there is a way to do...
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50| - FFICIENT RESERVES OF URANIUM WILL BE EN
| 7 . 0 I I
15

OUGH TO LAST US MORE THAN 200 YEARS.
ol \ = I 5 I | & I K J i E l 5 SOURCE: NUCLEAR POWER DAILY (2010) bt

Bow  Gaols bdmes | LoAR Ml Mymesw mmw Viemss 1

=

THE BULK OF THESE RESERVES ARE LO "q
CATED IN AUSTRALIA (40%), CANADA (15 !

%), KAZAKHSTAN (13%), BRAZIL (8%) AND
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_How does a nuclear power works?

IN'A NUCLEAR-FUELED POWER PLANT — MUCH LIKE A FOSSIL FUELED
POWER PLANT - WATER IS TURNED INTO STEAM, WHICH IN TURN DRIVES
TURBINE GENERATORS TO PRODUCE ELECTRICITY.
* [THE DIFFERENCE IS THE SOURCE OF HEAT. AT NUCLEAR POWER PLANTS,
" THE HEAT TO MAKE THE STEAM IS CREATED WHEN URANIUM ATOMS
SPLIT — CALLED FISSION.

SOURCE: EMIRATES NUCLEAR ENERGY CORPORATION

_ Stable Supply of Electricity
ENERGY RICHNESS OF DIFFERENT TYPES OF FUELS
100W bulb time on | 100W bulb ON FOR
1kgFuel KWh rectia} 183ye
Wood avg i3 1.4 days 43,000 kg F
air-dried 5.2 2.2 days 31,000 kg " -
. [Coal Anthracite | 8.72 36days 16,000 kg g Uranium
g Bituminous | 6.6 28 days 24,000kg
Ligrite 483 20days 36,000 kg
Frhanal 7.85 33days 20,000kg
Crude 116 48days 14,000kg
Natural gas
250 bat, STP, ING s S e = 2,000,000g
Gasoline 122 51 days 13,000 kg of Oil
WaturalU...s0s | P %
+ years
[0.71% *y)
LEU o, U0y D.16kg
LOM 1,142 years
(4-5% “*u) g (160g)

( Ieted in February 1984, including functional test$
and synchronization to the national grid

Fuel delivered in 1984

By 1985, the plant was ready for operation

" Political developments in 1985-1986 eventually led to the

mothballing of the plant

\From 1986 to the present, there are no concrete plans as
Eo ytvhat to do with the power plant and all assets attached
0

= Fuel was sold in December 1997

= In April 2007, all financial obligations relative to the plant

has been fully paid by the National Government
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NUCLEAR POWER, A GREEN ENERGY SOURCE

Carbon Emission (g/k)

SIS © s s @
5 &O\w & s"‘& &S @09'
<

IF THERE WERE NO NUCLEAR POWER, THE WORL
D’ S TOTAL CO, EMISSION WOULD
INCREASE BY 10%

i nt is Iocated at . g 0
_ Napot Point, West 1
Coast in Morong, )
Bataan Province - o
bout 2.5 hours drive g e
rom Manila
Occupies a land area
0f 356.028 hectares
It took 11 years to
select the site
Engineering works
began in March 1976
IAEA Safety Mission
in July 1977
= Construction began in
1979 while
undergoing public
hearing on power
plant safety

The Bataan Nuclear
Power Plant (BNPP) is a
Westinghouse light water
reactor, that uses
pressurized water as it
heat exchange medium
between the reactor and
the steam generators. Its
design thermal capacity
is 1876MW(t), while its
rated power output__s_«,.”'}q

621 MW(e). 1!!

= oS

s a
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" 40 years later...
Is the Philippines Ready (again) for Nuclear Power?

< At present, the plant is under preservation mode, with
National Power as caretaker

v’ Does not have any jurisdiction whatsoever on how the plant
will be utilized, much more on its conversion

v’ Plant is under the Department of Finance

p
i
y

*  Proposals for conversion and alternate use include eco-
tourism

*  Given current conditions and situation in the macro-
environment --- of escalating fuel costs and prices; increased
competition in the supply market for fuel oil and coal; amlds
a backdrop of increasing demand...

¢ ..thereis now a need to look for alternative fuel sources that !!
W|II address power consumers and investors’ concern on

quality, reliability and cost of electricity _._’—i
2.8 &

' So, the Debate
Continues... ke
Phi |ippi ne CuSI defends nuke plant revival

‘(Bataan) Nuclear == BR
Power Plant Sy :

Duterte wary of nuclear energy over safety issues

(Bssociated Fress) [ Ugdated November 3, 201

.
:
Cust: Govt may open e
s,
mothballed Bataan NUCIBAr s e — rsisen Rusio oot sisics kol s sy it it mcar )
during his six-year term because of safety concems.
power plant

Duferte said nuclear energy remains an important option i the fture. but the Phiippines neecs to
undertake a study and put “eally tight safeguards” in place

NUCLEAR INDUSTRY TREND

NUCLEAR SUPPLIES MORE
HAN 11% OF THE WORLD’S

4 LECTRICITY Key igurss

322 plants will b betwesn 4 and
8 yearsod by 200 280 OW)-

Topicof extending operation fo

be addressed

THE FIRST NUCLEAR POWER PLANT > 435 operating reactors in
WAS BUILT IN THE SOVIET UNION IN 31 countries
1954,

> 372 GWe net capacity

> §1% of reactors (68% of
«capacity) located in the US,
‘Westem Europe and Japan

* SINCE THAT TIME, 575 NUCLEAR
POWER PLANTS HAVE BEEN BUILT.

> Average recclor age: 21 years

+ OF THE 575 PLANTS BUILT, 435 ARE
STILL IN OPERATION, 119 HAVE BEEN
SHUTDOWN, AND 17 HAVE BEEN
DECOMMISSIONED. .

33

+ AS TO NEW ONES, THREE WERE
STARTED UP IN 2007, AND 35 ARE '23 #5678 80muises
VARIOUS STAGES OF DEVELOPMENT

s Cost
¢ Safety

* Proliferation
* Waste disposal

CosT

* HIGH CONSTRUCTION COSTS DUE TO
COMPLEX RADIATION CONTAINMENT
SYSTEMS AND PROCEDURES.

* HIGH SUBSIDIES NEEDED FOR
CONSTRUCTION AND OPERATION

= SUBSIDIES AND INVESTMENTS CAN BE
SPEND ON OTHER SOLUTIONS (SUCH AS
RENEWABLE ENERGY SYSTEMS).

SAFETY

,')' PUBLIC REMAINS WARY OF NUCLEAR POWER
DUE TO CHERNOBYL AND FUKUSHIMA
ACCIDENTS
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ACCIDENTS INVOLVING NUCLEA
ENERGY

o X-Ray Satelite Produces
S wady

Different’ Pictures
.

Three Mile Island Nuclear Plant

THREE-MILE ISLAND

. OCCURED ON MARCH 28,1979 IN DAUPHIN COUNTY,
' PENNSYLVANIA

CONSIDERED AS THE WORST ACCIDENT IN US COMMERCIAL
NUCLEAR POWER PLANT HISTORY

* CAUSED BY A COMBINATION OF EQUIPMENT FAILURE AND THE
INABILITY OF PLANT OPERATORS TO UNDERSTAND THE
REACTOR’S CONDITION AT CERTAIN TIMES DURING THE EVENT

+ THE TMI 2 CAUSED NO INJURIES OR DEATHS AND AT LEAST A
DOZEN STUDIES CONDUCTED HAVE FOUND NO DISCERNIBLE
DIRECT HEALTH EFFECTS TO THE POPULATION IN THE VICINITY
OF THE PLANT.

+ FOLLOWING THE ACCIDENT, MORE THAN 100 ORDERS FOR
NUCLEAR REACTORS, MANY ALREADY UNDER CONSTRUCTION,
WERE CANCELED. FOR 30 YEARS NO NUCLEAR POWER PLANT
HAS BEEN BUILT IN THE US.

CHERNOBYL

LOCATED ABOUT 130KM NORTH OF KIEV,
UKRAINE

+ CONSIDERED AS THE WORST NUCLEAR
DISASTER IN THE WORLD

* TWO PLANT WORKERS DIED ON THE
NIGHT OF THE ACCIDENT, AND A
FURTHER 28 MORE DIED WITHIN A FEW
WEEKS AS A RESULT OF ACUTE
RADIATION POISONING

* IN 2000, ABOUT 4000 CASES OF
THYROID CANCER HAS BEEN DIAGNOSED
IN EXPOSED CHILDREN

* HAPPENED ON MARCH 11, 2011

* THE FAILURE OCCURRED WHEN THE
PLANT WAS HIT BY A TSUNAMI
TRIGGERED BY A MAGNITUDE 9.0
EARTHQUAKE

* REPORT ON THE HEALTH IMPACTS
CONCLUDED THAT ANY RADIATION-
INDUCED EFFECTS WOULD BE TOO
SMALL TO IDENTIFY

* RECENT STUDIES SUGGESTS THAT THE
RADIOACTIVE MATERIAL RELEASED IN
THE AIR BY THE FUKUSHIMA DISASTER
HAS LED TO GENETIC DAMAGE IN

ANIMALS, INSECTS AND WILDLIFE [N
< -

: DIIEFERENT ATTITUDES TOWARDS NUCLE

ENERGY

~» SOME COUNTRIES, SUCH AS GERMANY AND SPAIN, ARE

COMMITTED TO PHASING OUT NUCLEAR POWER COMPLETELY.

¢ IN FRANCE, 59 NUCLEAR POWER PLANTS ARE IN OPERATION, AND
11 ARE BEING DECOMMISSIONED.

* UKRAINE, FINLAND AND OTHER COUNTRIES ARE BUILDING NEW
ONES.

* IN THE UNITED STATES, BETWEEN 1970-80, ALL APPLICATIONS TO .
BUILD NEW NUCLEAR POWER PLANTS HAVE BEEN TURNED DOW

: .
THE REGION - !!! (ABOUT 100 = ,!!E
- ' T et k1
~F e
i oY s Y
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COMISSION NUCLEAR POWER DUE TO HIGH FUEL PRICES, AND SET 2023 A!
THE TARGET.

MALAYSIA
«IN 2008, THE GOVERNMENT ANNOUNCED THAT IT HAD NO OPTION BUT TZ‘
* 1 RESEARCH REACTOR PLANNED

INDONESIA

*DEMAND FOR ELECTRICITY IN THE COUNTRY HAS BEEN GROWING RAPIDLY,
PROMPTING DEVELOPMENT OF SEVERAL POWER PROJECTS.

*2 REACTORS PLANNED, 4 PROPOSED, 3 RESEARCH REACTORS

VIETNAM

TWO RUSSIAN REACTORS TOTAL 2000 MWe ARE PLANNED TO COME INTO OPERATION BY 2020,
FOLLOWED BY A 2000 MWe AND A 6000 MWe BY 2030.

4 REACTORS PLANNED, 6 PROPOSED, 1 RESEARCH REACTOR

THAILAND

«IN 2007, THE ENERGY MINISTER ANNOUNCED THAT IT WOULD BUILD A 400
MWe NUCLEAR POWER PLANT AND HAS ALLOCATED THE BUDGET. HOWEVER,
PLANS HAVE STALLED.

* HAS HAD AN OPERATING RESEARCH REACTOR SINCE 1977, LARGER ONEON__ #

TIAEA Review Recommendations

Set the national nuclear energy policy;
Establish a dedicated core group to
implement nuclear grade preservation and
maintenance of the plant;

Performed plant systems verification; and,

Conduct feasibility study on the
rehabilitation of BNPP.

KEPCO Findings

= About 25% of plant equipment has to be
replaced;

= The rest will require rehabilitation and
testing; and,

= BNPP can be rehabilitated successfully for
4-5 years at USsa1 billion cost of
rehabilitation

Opportunity Costs

* 621 MWe capacity (About 10% of the

total capacity needed by the island of

Luzon)

Can generate electricity for only

PhP2.50 (Yen 5.00) per kWh versus

the average Php5.45 (Yen11.00)

through the national grid (net of tax)

« 1 Billion USS — the cost to
rehabilitate the plant’s infrastructure
and update its operating system
(Enough to fund the construction of
a brand new fossil fuel-based power
plant)

* Currently operating as a tourist site

"IN 2010, THE NATIONAL
POWER CORPORATION,

Moving forward...

WHICH IS TAKING THE
LEAD IN THE STUDY OF
THE DEVELOPMENT OF
NUCLEAR POWER,
IDENTIFIED 10 FEASIBLE
SITES FOR NUCLEAR
POWER PLANT IN THE
COUNTRY.
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Moving forward...

= Political, economic, safety and integrity

v Hindsight tells us that some of the issues raised in 1986,
claims and concerns surrounding it, were at the very least
unjustified

= Indeed, a lot of lessons can be learned from our past
experience with the PNPP. Lessons that we should
remember and learn from, now that we are once
again treading path towards the nuclear option. ':":!!

Moving forward...

. * Philippine DOE Position on Nuclear Power

Requires long-term planning
+ It will take an estimated 15 years to train experts, study, decide
and implement this option
* Under the 25-year development plan formulated under President
Fidel Ramos, nuclear power will be considered for the period after
2022

* Many technical developments have taken place and practically a
new study needs to be made
We should keep all our options open, but in the
meanwhile it is absolutely necessary for us not to be =
distracted from our drive to develop renewab,laan* .
indigenous sources of energy which canbe & !!
implemented in the short and mediumterm -~ =~ L ¥®

~F

28 o

References

* http://www.sustainableplant.com/2011/the-future-of-nuclear-energy/

¢ http://www.nuclearpowerdaily.com/reports/How_Much_Lon
ger Will World Reserves Of The Nuclear Fuel Uranium La
st 999.html

¢ https://lasttechage.wordpress.com/2011/05/29/is-there-
enough-uranium-ore-to-do-the-job/

¢ http://www.world-nuclear.org/info/Country-
Profiles/Others/Asia-s-Nuclear-Energy-Growth/

y Arigato.
Salamat.
Thank you.
Contact: ;}'
alvin.culaba@dlsu.edu.ph = !!;!r
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Why Microalgae?

Microalgae as Biomass Resource

Omega 3 Oils Market Worth
$4.3B by 2019
4l

Exceptional growth characteristics

Less nutrient input and land area requirement

Minimum competition to productive land

These are available from natural sources,

Or can be cultivated thru photobioreactor and cultivation ponds
It contain lipids which can be converted to energy such as biofuels
Wastewater treatment potential

Carbon sequestration capability

Size range: few to few hundred micrometers; length of 300-1,000
microns

.

.

Proteins

Carbohydrates

-- BCC Research

\ ! Microalgae Biomass

- . T
unlight S & Aci
O O O &6

O0O0 Carbohydrates ‘Scenedesmus obliquus 50-56 10-17 1214
Qils i Scenedesmus quadricauda a7 B 19 B
T . Scenedesmus dimorphus 8-18 21-52 16-40
Proteins i e el e Rl 48 17 21 .
Pigments o Chlorella vulgaris 5158 1217 1422 as
co O Chiorella pyrenoidosa 57 2 2 =
. Spirogyra sp. 620 33-64 1121 =
00000 ()| Miroalge |() 00000 —— - — 1
O Dunaliella s 57 32 6 -
O Euglena gracilis 39-61 14-18 14-20 -
2845 2533 238 12
! Tetraselmis maculata 52 15 3 -
N Ut re nts Porphyridium cruentum 28-39 40-57 9-14 -
OO O0O0O0OO0 Spirulina platensis 1663 814 29 25
60-71 13-16 6-7 3-4.5
63 15 1 -
4356 2530 47
% Dry Matter Basis (Becker, 2008).
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Microalgae Biomass “ommon Microalgae Strains
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The Philippines Constitutes

the

Geographical Epicenter
of

Tropical

Algae Diversity

jadarc
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e

0O lgid )
‘;{uu'\ LA
9499

Tropical climate
Archipelagic Structure
Abundant species of
microalgae

These are available from
natural sources,

Or can be cultivated thru
photobioreactor and
cultivation ponds

U

“The algae of the Philippines
are probably the best known
taxonomically in the tropical
Pacific”.

- Cordero (1990)

Philippine algal taxonomy: Past, present, and
future
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Algae’s Promising Technology for s& B And Assumed Open Raceway Algae Production

Drop-In Fuel Production

; ion. Species/Strain Selection
.‘.I_-Iydrothermal Algae Liquefaction: 1
il --Converts algae biomass into biocrude, =) Mass Production of Algae Problem
fuel gas and usable products l
-- Increases biofuel yield and cuts production HarveTtmg N N =
cost J e, %
Dewatering m

But price still at $24 per gallon l

Product Extraction/Processing
-- DOE PNNL

‘And Assume:rg:e(:lt _I::;ceway Algae 5% . Biofuel Production from Algae
u 1 L s LTS

Contamination Remains a Very Significant Proble
_for Open Raceiways that Cannot be
I derestimated

Species/Strain Selection

== Mass Production of Algae

This is the maln reason why, despite thousands of l
algae species available, only a handful can be Harvesting
routinely grovim commercially using open l
raceways Dewatering

|

Product Extraction/Processing

Y &

.p}en Pond / Photobioreactors

V. Project-Based Learning 1
Design of Photobioreactors Open Pond Cultivation System Open Pond Cultivation System

at UP Visayas of AZtec Spirulina in Cainta

Closed PBR system at DLSU Manila




Productivity

Biomass
Productivity
(gm2d?)

Photobioreactor

Reference

Cuello et al. (2013)

Helical 75 64.5
Bubble Column 57 35.8
Flat Plate 25 36.2
Flat Plate 14 38.1
Horizontal Tubular 140 25
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Growth via photosynthesis
Light and CO, required

Heterotrophic
- Growth without photosynthesis

- Sugars or Il-carb lecul
- Si
- Light and CO, not required

Mixotrophic

- Hybrid Ph phic and Hi

ificantly higher growth and productivity

and 0, requi

sig ioreactor that Can Work for Both
trophic/Mixotrophic and Photoautotrophic
Production

General design approach:

Put the Accordion Wave Design in a Box!

|1
| \ |
U,

A

.
Accordion Air Loop Bioreactof

WEN space

Accordion
scaffoid

Putting the Accordion Wave Design
in a Box

Various Designs of
Accordion Scaffolds

- : ¥

Varying Number of
Accordion Scaffolds
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et -!— Air Loop Bioreactor

Jl

Double Scaffolds Single Scaffold Triple Scaffolds

Varying Number of
Accordion Scaffolds

Air Loop Bioreactor %
nental Design e s e s | -towie-
A Pitch Acute 30° Obtuse 45°
B No. of Scaffolds Double Single
C Gas flow rate 033Vvim?t 0.1Vvim?
D Water level above scaffold 1" 05"
A.Pich of Seaffold B. Number o scaffolds
. . - o N + - +
Ids Triple Scaffolds i N N
The Accordion Air Loop Bioreactor offers a significant array of Kt %.. % ;% ;;
original design permutations through its various design factors, . P N PR i
including: \o/ o g o N
e Pitch C- Gas Flow Rate cromr D- Head Space mr-rmr
© Number of scaffolds - + = i
® Gas flow rate T
e Water level above scaffold (head space)
® etc.

Ai:rTi.oop Bioreactor

,k 1 Treatments based on Kla (1/s)

Design factors had a clear significant influence
/ on gas mass transfer efficiency
A% uble Airloop

il :
i Accordion
i il

0015
001

a i Double Airlift
Il L

I Control

0005




[y

- Photobioreactor Setup with
Automated Monitoring System "%

-4 ll!

LalMEW

-
Dissolved

pH Sensor Oxygen

Salinity

Algal
Cultivatio

Sensor

Growth Medium:
1. TungKang Marine
Laboratory (TMRL)

Algae Strain
Tetradesmus sp or
known as Scenedesmus

sp.

Algae
Cultivation
OPTICAL
DENSITY

LTS

Project-Based Learning 2

Microalgae Dryer Design Studies
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Simulation

ALGAE MONITONING SY;

ik

Usage Disposal
Products
Biocthanol
Butanol
Methane | Residential
Industry

Waste
{90 5 anagement

Drying is one of the post — harvesting process
involved in converting algal biomass to biofuels

which accounts to 20 — 30% of the total
production and energy consumption 2
(Richmond& Becker, 1986).

Fig.2 Life Cycle Stage (Yanfen, 2011)
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Drying Efficiency

Solar Drying vs Microwave Drying Efficiency

¥

#

Drying Efficiency (%) =
#

§

Time (min)

200

5

ik

a1
—-—clar 2
wmtrmSolar 3
—0
—cCOW MW
——0W W

THE UNIVER

©e 6

* DLSU Core Team
— Dr. Alvin Culaba (Full Professor, Mechanical Eng. Dept.)
—  Dr. Manuel Biona (Associate Professor, Mechanical Eng. Dept.)
— Dr. Aris Ubando (Associate Professor, Mechanical Eng. Dept.)
* Collaborators
— Dr. Joel Cuello (Microalgae Dewatering & Drying: University of Arizona)
—  Dr. Henry Ramos Jr. (Radio Frequency: University of the Philippines Diliman)
—  Prof. Nieves Toledo (Microalgae Cultivation: University of the Philippines Visayas)
—  Dr. Nerrisa Torreta (Microalgae Cultivation: University of the Philippines Los Banos)
*  Research Areas
— Solar Drying, Convective Heat Drying, Infrared Drying, Radio Frequency Drying, Drying
Kinetics Modelling, Drying Simulations
* Graduate Students
— Ms. Eunice Doblada (MSc Candidate)

4
W

OF ARIZONA

st
Alrflaw inside a Microalgse Solar Dryer using ANSYS CFI)

cady-State Anslysis of Radiation Heat Transfer and
b :

e A Culabs™, smd

Energy and Exerzy Aualyses of Solar Dryer for
Microalzae fo Biofucl Prod:

A Revi

ng Tééhnology Research Puincatio

iction

e il
ik

AREVIEW G SOLAR DRYER DESIGY
STUDY ON RO

o il
LTS

Project-Based Learning 2
Molecular Dynamics Study

Density (kgm )

g
s
T

200

g
T

Molecular Dynamics

Lipid Bilayer Thickness

i

Lty




® Results showed that biomolecular modelling using MD

is an efficient tool to analyze lipid bilayers.

® There are no other methods available to date that could
allow us to access an atomic picture of a particular system

] to such degree of detail.

“ Information obtained such as area per lipid were in
close agreement with other simulations and
experimental values.

© The thickness/volume of the bilayer is dependent to the
temperature.

© A minimum of 17.3 Mpa is needed to extract the water
molecules
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lar Dynamics Research Sub-Gro

@ €2 OSAKA UNIVERSITY

DLSU Core Team
— Dr. Nelson Arobleda (Full Professor, Physics Eng. Dept.)
— Dr. Alvin Culaba (Full Professor, Mechanical Eng. Dept.)
— Dr. Melanie David (Associate Professor, Physics Dept.)
f — Dr. Al Rey Villagracia (Associate Professor, Physics Dept.)
— Dr. Aris Ubando (Associate Professor, Mechanical Eng. Dept.)
* Collaborators
— Dr. Hideaki Kasai, (Osaka University)
* Research Areas
— Molecular Dynamics of Microalgae Strains
* Graduate Students
— Mr. Robby Manrique (MSc Candidate)
— Mr. Kyle Aguilar (MSc Candidate)
— Mr. Andres Mayol (MSc Candidate)

mynamics Research Publicatim

Praesad e o Cengan 391

stuoy

MODELLING OF MICROALGAE DRYING PROCESS USING. Rkt B Mauius, Adstetle T Dbande?, Alvin B Culaba’, Al Rey € Vilagacia’,
‘COMPUTATIONAL METHODS: A FIRST STEF ‘Matani Duvidh,Nelian B. Al R

beasieis of ators and maleculen 1t comencaly uied t modeling 404 sty of

i s cbyecive of he udy 5 obiam 3 e
 dymacsics. Ths mclude

Project-Based Learning 3

Microalgae Optimization Studies

ofl Transp ortation Biodiesel Tramsportation
Extraction of Algal Ol Production of Bindjasel

erol
(Byproduct)

Products

Bioethanol

Residential

Industry

Export

Transportation

Biodiesel

iycerol Stationary
Electric

‘Wastey

ny

Production
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Deploymen -5%

Industries LT

Microalgae
Industry in the

[} Philippines
[&] Multi-Criteria Decision Analysis
o model in the evaluation of the Region XI

most suitable cultivation sites in Regiol
the Philippines 10 Region IX

m;nent of a Microalgae Industry in the Philip %%

egl
Region VI
Region
Region VIl 6.30
 Regio) 1lea

Ubando et al, 2015

q {
[ oo il & é@

Main Criteria Sub-criteria Regional Data type Units

Social Acceptability oy T &

— Water Water resources potential Mcv

- Land Idle land capacity Sqkm

Natural Resources
L . Fertilizer Fertiizer use per region 50kg bags
o it o . p Climate Type Climate projections Normalized
s orforce it
iy i Power Demand Fuel demand per region (mboe) Million Barrels
Natural f Potential labor force Labor force capacity per region In Thousands
Cont Resources
il Cost i " families %
Present Industries
B Minimum Wage Cost per day per region Php per day
ectricty Miimm
Wage Cost s Aauscuture Cost of Water Cost of water per region per day Php percum
2% 255
e Costs Cost of Fertilizer Cost of inorganic fertilizer per 50 kg, Php per 50kg
Acceptabilty

(it e Cost of Electricity Cost of electricity per kWh per region Php per kWh

Biofuels e Aquaculture Mt of aquaculture production per region mtons

Fertier o e Swine Present Industries | Poultry, Swine, Carabao and Cow ‘Animal production heads

o g Biofuels Capacities of existing biodiesel plants i

The University of

\GnrIE il Al | TEXAS AsM

ation Research Sub-Group % q;’;timnzation Research Publications
y

DLSU Core Team

— Dr. Raymond Tan (Full Professor, Chemical Eng. Dept.)

— Dr. Alvin Culaba (Full Professor, Mechanical Eng. Dept.)

— Dr. Kathleen Aviso (Associate Professor, Chemical Engg Dept.)

— Dr. Michael Promentilla (Associate Professor, Chemical Eng. Dept.)

— Dr. Aris Ubando (Associate Professor, Mechanical Eng. Dept.)

* Collaborators

— Dr. Dominic Foo, Dr. Denny Ng (The University of Nottingham Malaysia)

Hobast Optimization Approach for Synibesis of
Integrased Hoorioesies widh Supply and Demassl
Vacertainties

Sink Matching in Carbon Capture
ith Time. Injection R

UNIVERSITY

Malaysia Campus

leEC

Continuous:Time Gptimaation Model for Saurce-Sink Matching in
Carbon Cagt Sy

— Dr. Santanu Bandyopadhyay (Indian Institute of Technology, Bombay) I
— Dr. Mahmoud El-Halwagi (Texas A&M University) research o
= 7 ¥
« Research Areas 3 st toron o P tied Sk Mot and

— Energy Systems Modelling, Multifunctional System Optimization, Process
Systems Engineering, Pinch Analysis, Biorefinery
* Graduate Students
— Mr. Ivan Henderson Gue (PhD Candidate)
— Mr. Mark Dionisio (MSc Student) . . o

‘N rore o0 an extpnded ey o el optmienion,
s
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Carbon Capture thr gaels
Ol |

b

Biodiesel £ F %k

DHA/EPA (omega-3

i8 FFA)  Biobutanol TB%

Bicethanol L%

Pharmaceuticals,

= Cosmetics BIREG
Animal feed; Aquacultural

feed: Food SR

POTE IR S - T g

Project-Based Learning 4 8
Carbon Sequestration Study R

Carbon Sequestration: How it worl%*

Cultivation

* Nutrient medium
« Sunlight or other light source ¢ v

Ya
 CO, from flue gases and power plants .'?;3
* Photobioreactor or Open Ponds £

—[ Strain Improvement ]7

o Chemical or Physical treatment
* Genetic Engineering

N
—[ Harvest and Separation )

* Centrifugation
* Oil Extraction

N Integrated VIicroalgae Technology for Capture
Microalgal-CO2 Sequestration and Blomés;g, ) Utilization
] (&
Production
|
:
e e e e e |
]
: : I : !
1 Ai C Microalgac biomas |
HIEH: 5% : !
1 Capture 1
1 *  Bioenergy and : |
1 biofuel |
: E « Biogas : 1
1 CO; separmtion | ] y s Co-products like 1 i
1 and capure [ conditions food supplement ]
1| Flue gas and cay pp 1 1
I ¢ Cultivation system I 1
1 1
1 1 |
i 1 |
1 Toxic gas for treatment H
1 : I
!_ ______________________________________ 1 |
1]
|

Source: Cheah et al, 2015
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ré‘élga{é Growth using Different F

Fossil Fuel Power Stations Gases
A. Chlorella sp. WT B. Chlorella sp. MTF-7
25 ke
. g --Flue gas i -#-Flue gas
Cement Processing PRI o 2] o2C0,
Ll 5 -10% €O, s 10% €0,
B 18] o2%co, ] 0-25% €O,
£ £
. g g
Automotive Industry § 8
B 0s 2
I . g g
@ Microalgae can grow on varieties of flue gas types. 5 4 H
i)
@ CO, reduction capacity is 300-500 ton CO,/ha/yr with a removal LI ; '3 . : 58 @ 0 é. 13 ] : 56
efficiency of 60-70% (Taiwan NEP — 1) 2ys ol alivation eys of ullvalion
@ Flue gas impurities such as NO, and SOy can be simultaneo
removed as well Source: Raeesossadati et al, 2014

fignrmaxhce of Microalgae-based g‘"
Fixation

M CO, reducton capacity is ca. 300-500 ton CO,/ha/year

W CO, removal percentage = f (flow rate, CO, Project_Based Learning 5

‘ concentration, photobioreactor type), can get up to 60- g (T F

4 70% removalefficiency e Philippine (Sikat) Solar Car

m Microalgae can grow on varieties of flue gas types

= Flue gas impurities (NO, and SO, ) can be simultaneously
removed (up to 70-90%)
biomass/ha/year) has been utilized to produce biofuels
(biodiesel, bioalchols, charcoal, etc.) and also other
value-added products

E Pl 2omenmw

Q""‘"
PH-made solar car places 3rd
in Australia race

Skat 114 beats competition from the L

Rappler com

Project-Based Learning 6
DLSU Shell Eco Car

11
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Solidworks

ST E'
8 qésthically designing Archer usin

e \

AT 5-
Conceptualizing Archer using

Auto-CAD

7 |
Itrium software to design thetea
electrical boards

|
28Il IN-={06 008}

12
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—

Team on work area
o |

|

" Team on Paddocks (DWC)

shell
Global ch | e

@ (== B @D  shell eco-marathan
gt TEAM

e BATTERY-ELECTRIC
2 ARCHER

Units, [T miowh

= 15T PLACE k

(LUrbanConcept —
Battery-Electric
% \ ON-TRACK RESULTS
o

Project-Based Learning 7
M Microhydro Power Systems

DLSU Eco Car Team to compete in
Driver’s World Championship

a

TECHNICAL INSPECTION
RESULTS

com T
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qucles)ased Framework Microhydro Systems

ot q-Groups of Microhydro Research Grou

Sul

Rese: roups Description

1
: Electricity : Energy Technology & Mgmt. * Involves the various energy technology
Microhydro I Quality of | 1 * Development of energy system models
Energy Technology & Technology & ! Life 1 * Includes energy & environmental analysis
Mgmt. Innovation : _________ L Microhydro Technology & Innovation * Development of different micro-hydro
| o ANin 8. Culaba (), | |oe:sidro k- Marforill || | turbines
Dr. Raymond R. Tan N Dei'g" sl B ] Systems Control & *  Fabrication of microhydro turbines
(Che), Manufacturingof || f Automation it . N
1| Ener. Aristotle T. Ubando ' | [T " Thermofluids * Design & simulation of various turbine
. Elmer P. Dadios (Mfg), = q
(B Vortex Technology | | 1 [ E————— configuration )
VA R vy _ 1 1 (ME) *  Application on different CFD models in
lodelling, | B N
o Robust control systems designing the turbine
E“"xz‘lxs’“@' : Technology 1 odes el work
+ Life Cycle Assessment | | Traneh 1 Legends: Structural & Hydro-Geology Includes civil works
FENEiTEy 1 «  Construction of channel and forebay
Technology Transfer Model | m . B
Model 1 \ Hydro-Geology analysis
~ ey aimbers Systems Control & Automation

Development of robust control system for

Thermofluids Structural & Hydra Or. Florinda T. Bacani On-going microhydro
Re h " .
. Isidro R. Marfori Il Geology (Che), = Automate the operation of microhydro

),
Prof. Marlon Era (SDC), ”
otle T. Ubando Dr. Jonathan R. Dungca &g Possible

ST P'°‘-(’::g':ﬂ;?:§‘“‘° iy Socio-Economic = Development of livelihood projects
. CoDmy:I;t;tI::asr}achI:)ll)lld ooy . Topics * Capacity building
o « Surveying * Livelihood Activity «  Economic analysis

* Impact Assessment
« Economics

Social acceptance

q Bioenergy/Renewable
Energy Research Team

Latest Initiative

Customers & Markets

The Algae BIG Hub@DLSU

www.algaebighub.org

Philippine STE
Innovation Ecosystem

IT Business
Process Management
(BPM

Innovation Cluster

Renewable
Bioproducts

~

Investors Global Partners

The Hamgar The Clean Sullding
Government Private Enterprises Universities

14
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