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Abstract

As newer technologies develop and populations grow, the demand for energy rises. However, our
historical reliance on fossil fuels has left an uncertain future. As global petroleum reserves
dwindle and gas prices rise, the world needs renewable energy sources. Nonetheless, some of the
most popular renewable energy sources such as wind, solar, and hydroelectric are region-specific
and not necessarily available everywhere or throughout the year. Biofuels are a renewable energy
source whose only condition is farmland. Biofuels could change the pace of development for
countries globally and liberate countries from their fossil fuel dependence.

Introduction

The growing demand for efficient and plentiful resources has left corporations and governments
scrambling. In the wake of the astonishing rate of development and innovation, renewable energy
has been at the forefront of environmental discussion. The issue has transcended into the
education system and has even made its debut in politics. Developed countries such as Japan are
attempting to spearhead the initiative for a cleaner future but appear to struggle in abandoning
their historical reliance on fossil fuels.

Located off the coast of the Korean peninsula in the North Pacific Ocean lies the Japanese
archipelago. Japan consists of 6,852 islands with a population of 124.69 million people. Japan is
the 63rd largest country on earth by area and the 11th largest country by population (CIA World
Factbook, 2021). Japan is well known for its cleanliness and a strong economy. The Japanese
economy is the fourth largest national economy in the world (Amadeo, 2021).

The typical Japanese household follows the nuclear family model (Cultural Atlas). The average
birth rate in Japan is 1.4, which is not unusual for its development status. The immediate family
keeps close relations with the extended family. It is common in Japan for paternal grandparents
to live with their children. However, as living spaces in Japan decrease in size, family size is
getting smaller. The Japanese workforce was once entirely dominated by men. It was taboo for
women to work. However, with a rise in gender equality, more women are involved in the
Japanese workforce. Nonetheless, males make up the majority of the workforce.
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In recent years, Japan has found itself reliant on other countries for its energy needs. Crude oil
and petroleum gas are Japan's largest imports (Observatory of Economic Complexity, 2021).
These imports are indicative of the Japanese dependency on fossil fuels for energy. In 2016,
fossil energy accounted for 89% of Japanese energy consumption (Zhihai, 2019). This
dependency on petroleum imports makes Japan increasingly vulnerable to energy crises and has
correlated with a rise in energy costs for both corporations and households (Zhihai, 2019).

Japan had planned to reduce its reliance on coal by more than 50% in the coming decade, but
instead, it has increased (Lonsdorf, 2020). Japan has also implemented new coal operations that
threaten the world goal to eliminate new carbon emissions by 2050. Due to the limited supply of
fossil fuels, the economic burden of importing fossil fuels will only get worse over time. The
limited supply puts Japan in an incredibly vulnerable position. In many ways, it forecasts an
unstable future concerning energy.

The reliance on fossil fuels does not end with its economic pitfalls. Farming systems globally,
including Japan, are heavily reliant on fossil fuels (Church, 2005). Farms, especially in
developed countries, rely on fossil fuels to operate machinery, and the process from seed to table
undergoes many instances where crude oil is used. Once again, Japan finds itself in a vulnerable
position. Petroleum and gas prices will rise, this will result in a rise in production costs of crops.
Energy security translates to food security. The rise in production costs of crops threatens the
food security of Japan. Japan already imports food from foreign countries. In time Japan will
find itself unable to afford oil imports, imports of foods, and its people will be unable to afford
the rising energy costs and oil prices.

Biofuel Method

To lessen the effects or possibly even neutralize the effects of an energy crisis in the future, Japan
will need to begin implementing renewable energy. One promising alternative to fossil fuels is
biofuels. A fuel cell works like a battery, except it does not require charging. As long as fuel is
being supplied, a fuel cell can generate electricity or heat. A biofuel cell utilizes biomass as the
source of fuel. Biofuel cells can be categorized into different types: enzymatic biofuel cells,
microbial biofuel cells, microbial electrolysis cells, and biodiesel.

Enzymatic Biofuel Cell

An enzymatic biofuel cell is a fuel cell that uses enzymes to catalyze the fuel cell process instead
of traditional metals. Enzymes can be produced relatively easily and at an affordable price. In an
enzymatic biofuel cell, a fuel, in most cases glucose, oxidizes in the anode. The glucose
oxidation process is catalyzed by enzymes. This reaction releases electrons that enter the cathode
side through a circuit. In the cathode, oxygen is reduced, producing electricity.
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Currently, EFCs, enzymatic fuel cells, can only be applied to medical devices and smaller items.
These include pacemakers, watches, and even phones. The issue with enzymatic biofuels is that
their electricity production is lower than other alternatives.

However, its use in pacemakers and other medical devices could cause a societal acceptance
towards biofuels. Its implementation into smaller devices could promote its research and
development as well. While its electricity output is low currently, EFCs still are cheap, plentiful,
and can be produced to meet demand (De Valle). Even if it is on a smaller scale, the use of EFCs
still has a positive impact. If Japan invests in research and development of EFCs through
government funded initiatives, we could overcome its present issue and make it approachable for
large-scale electricity production.
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Microbial Biofuel Cell

Microbial biofuel cells are a subcategory of biofuel cells. MFCs, microbial fuel cells, are
arguably the biofuel cell that requires the most development currently. However, that does not
change its possible potency and use in the future. An appealing aspect of MFCs is their
application in water treatment centers. MFCs work by having microorganisms utilize the
wastewater and oxidize it. This process generates electricity while simultaneously treating
wastewater.

The electricity that MFCs generate can offset the energy costs of operating the plant (Alternative
Energy). The Israeli company, Emefcy, claims to cut sludge down by 80% in their wastewater
treatment processes by utilizing MFCs (Alternative Energy). While in need of more
development, the microbial fuel cell has shown promise in its real-world application.

The government of Japan and globally could pursue more research and development into MFCs.
Japan has already been attempting to make the switch to renewable energy. Japan has
implemented government plans and goals to mitigate carbon emissions and adopt cleaner energy.
By putting more money and resources into MFCs, their application and potency could skyrocket
and ultimately help Japan achieve its energy goals.

The development of MFCs will not merely assist in energy production. The waste management
company Cambrian Innovations uses MFCs in tandem with a separate set of electrodes to
generate methane gas from wastewater. The methane gas can be stored and used later to create
heat or energy. Microbial fuel cells can also function as biosensors. The biosensors can measure
the biochemical oxygen demand value of water bodies. The Naval Research Laboratory has
utilized MFCs in powering low-load devices. The uses of MFCs extend beyond generating
electricity and adds another reason why its research can be beneficial.

Microbial Electrolysis Cell

Hydrogen is a promising energy source for the future. Hydrogen has three times more caloricity1

than petrol while having no corrosive effect on the metals (Chorbadzhiyska et al., 2011). With
the use of electrolysis2, hydrogen production could prove beneficial in the fight against climate
change. Dries Acke, head of the energy program at the European Climate Foundation, states,
"Hydrogen is essential to get to net zero in certain sectors like industry, but we are talking about
the last 20% of emission reductions.” The current issue with producing hydrogen is its
dependence on a large amount of electricity. However, microbial electrolysis cells could be a
solution to this problem.
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As stated previously, the microbial electrolysis cell is beneficial for reducing carbon emissions
and can allow for the same hydrogen production with a smaller toll on electricity consumption. A
MEC, a microbial electrolysis cell, uses electrochemically active microbes, which grow on the
anode, to break down organic matter into carbon dioxide. The breakdown continues until we can
split the CO2 into electrons and protons. The electrons and protons pass through the external
electric circuit and combine at the cathode to create hydrogen.

Recent development and research into better microbial cultures and microbial biofilm have made
this process more efficient.

Another benefit of MECs is their ability to provide energy globally. Professor of future energy
systems at the Delft University of Technology in the Netherlands, Ad van Wijk states, “A solar
panel in the Sahara generates 2–3 times as much power as one in the Netherlands. If you convert
that power to hydrogen, transport it here and turn it back into power via a fuel cell, you are left
with more energy than if you install that solar panel on a Dutch roof. In a sustainable energy
system, you calculate in terms of system costs, not efficiency," (Renssen, 2020).

In 2017, Japan implemented the “Basic Hydrogen Strategy” with the sole purpose of lowering
carbon emissions and using hydrogen to achieve this goal (Chaube et al, 2020). The "Basic
Hydrogen Strategy" is a step in implementing hydrogen energy and MEC usage. Currently, the
hydrogen market in Japan is not economically viable (Makino, 2020). Makino explains that
almost all hydrogen and fuel cell technologies are dependent on public funding (2020). To
combat this, Japan needs to make hydrogen production a global effort and a more attractive
alternative. Japan will need to cooperate with countries involved in hydrogen projects like
Brunei, Norway, Saudi Arabia, and Australia, to name a few. Through international cooperation,
these countries could create a hydrogen market globally which would increase its appeal to other
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countries and Japanese people alike. Motor companies such as Toyota have begun the production
of fuel cell vehicles that utilize hydrogen. The Fuji Keizai study showed that by 2030, the use of
fuel cell vehicles will increase to 636,900 in Japan (Makino, 2020). These include cars, buses,
and forklifts. The study is an example of how increased public exposure of hydrogen production
to consumers and companies can increase viability.

To fulfill its 2017 goal, Japan will need to appeal to other countries to increase the production of
hydrogen to create a hydrogen market. Global demand for hydrogen at the corporate level will
allow Japan to meet its goal and in the long term, provide energy and economic security to Japan.

Biodiesel

Biodiesel is an alternative to crude oil diesel. Biodiesel is a renewable, biodegradable fuel
manufactured domestically from vegetable oils, animal fats, or recycled restaurant grease (U.S.
Department of Energy). Biodiesel is appealing because it is independent of the limited petroleum
reserves while having a smaller environmental impact. B100, 100 percent biodiesel, eliminates
all sulfur emissions associated with traditional diesel, cuts emissions of carbon monoxide and
smog-producing particulate matter almost in half, and reduces hydrocarbon emissions by 75 to
90 percent (Green America). Even biodiesel with some levels of petroleum sees a reduction of
carbon emissions. B20, which is 20 percent biomass-based and 80 percent petroleum-based,
reduces carbon emission by 15 percent (Green America). Theoretically, biodiesel production is
almost net-zero carbon emissions. The carbon dioxide absorbed by the plants used to develop
biodiesel is almost equivalent to the amount released from biodiesel usage.

A drawback of biodiesel is that it requires the cultivation of crops to create energy. The land
requirement could put some farmers in a position to decide whether to cultivate for consumption
or energy production. However, as Laura Golsteijn explains, “To increase biofuel production
while preventing food shortages and deforestation for food production, agricultural practices
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need to be intensified in a sustainable way. There are many areas where the yield per hectare can
be enhanced, sometimes even doubled. The benefits are not only a reduction in land occupation
but also a reduction in greenhouse gases per produced amount of food” (Golsteijn, 2016).
Another possible solution to the land requirement needed to cultivate biomass is growing the
biomass in water. Farming algae for energy production could reduce the pressure on the
farmland.

Traditional diesel already provided 20 to 40 percent better fuel economy than gasoline
(Sayaloune, 2020). Biodiesel can provide the same fuel economy while reducing carbon
emissions. Biodiesel is also accessible to any country with the technology. With biodiesel being
accessible to a large number of countries, it removes the dependency on a few countries for
energy.

Developing countries will benefit the most from biodiesel production. Many developing
countries are limited in the development of their farming methods. The limitation is due to the
high costs of petroleum for farm equipment and the unequal opportunity for petroleum
extraction. By increasing biodiesel usage, their farming techniques and efficiency would
develop. The development of the farmers in developing countries will assist in mitigating the
burden on the land required for biomass production. These farmers would be producing more
biodiesel, which the farmers can utilize themselves, or sell, and produce crops for consumption
simultaneously. The access to more developed practices will also discourage slash and burn
farming, which is known for releasing a large number of carbon emissions.

Japan has already started to mass-produce biodiesel for jet fuel. Euglena, a Japanese
biotechnology company, can produce 125 kiloliters of bio-jet fuel and biodiesel per year, and it
plans to raise the production capacity to 250,000 kiloliters by 2025 (Okutsu, 2018). Biodiesel
prices are expected to drop from the current 10,000 yen per liter to 100 yen by 2025. The price
decrease will put the price of biodiesel closer to the current price of petroleum-based jet fuel at
about 70 yen (Okutsu, 2018). The reduction in the price of biodiesel allows for easier integration
at the consumer level.

Japan can promote the use of biodiesel by creating a government program dedicated to its
adoption. This program would provide financial incentives to corporations that use or develop
biodiesel or any other biofuel forementioned. The program will not be challenging to initialize as
Japan has made strides to pursue renewable energy sources. By increasing the supply of
biodiesel, its application will spread in a variety of fields. If real-world application grows, its
price will decrease to that of petroleum as petroleum prices rise and biodiesel production grows.
In doing so Japan will develop from biodiesel exportation. By creating the market and raising the
demand, Japan could integrate biodiesel into everyday life.
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Conclusion

Holistically, the energy revolution of the future does not need to start with Japan. Japan
historically has found itself dependent on fossil fuels, but their recent initiatives to rescind that
practice make Japan more likely to adopt new practices. Japan has access to ports and holds
strong economic prowess in East Asia and the globe. The reasoning behind Japan being the
country in question is its viability to diffuse biofuel technology and biofuels themselves.

The energy debate is not limited to a few countries, it challenges humanity as a whole. Biofuels
and biofuel cells are the future. With the assistance of developed countries, such as Japan, its
benefits can develop and diffuse to areas throughout the earth. The enzymatic and microbial
biofuel cells show great promise and are currently viable in wastewater treatment plants and
medical devices. Microbial electrolysis cells could be the bridge connecting us to a
hydrogen-powered society. Biodiesel possesses the ability to be produced anywhere in the world
where crop cultivation can occur, making it an appealing prospect for developing countries.

The world needs a global effort led by economically powerful and influential nations to relieve
our dependency on fossil fuels and open up economic opportunities to the underdeveloped.
Biofuels provide more than just energy. Biofuels have the potential to catalyze the process of
development and introduce new technologies to these nations.

Biofuels could be the breakthrough in the fight against climate and secure energy security. The
development of biofuels, especially biodiesel, could generate food security for millions of
people. Energy security is food security, and by establishing a secure system of energy
production, transportation, and supply, we can develop our farming methods to ensure food for
ourselves now and food for future generations. Biofuels are not only catalyzing energy
production but can catalyze human development.

Index

Caloricity1: Physiological ability to develop and maintain heat
Electrolysis2: chemical decomposition produced by passing an electric current through a liquid or
solution containing ions.



9

References

Chaube, A., Chapman, A., Shigetomi, Y., Huf, K., & Stubbins, J. (2020). The Role of Hydrogen
in Achieving Long Term Japanese Energy System Goals. Energies.

2008, P. by A. (2021). Japan. OEC. https://legacy.oec.world/en/profile/country/jpn/.

Al-Zuhair, S., Ramachandran, K. B., Farid, M., Aroua, M. K., Vadlani, P., Ramakrishnan, S., &
Gardossi, L. (2011). Enzymes in Biofuels Production. Enzyme Research, 2011, 1–2.
https://doi.org/10.4061/2011/658263

Amadeo, K. (2021, February 18). How the COVID-19 Pandemic Will Affect Oil Prices in 2021.
The Balance. https://www.thebalance.com/oil-price-forecast-3306219.

Aquino Neto, S., & Andrade, A. R. (2013). New Energy Sources: The Enzymatic Biofuel Cell.
Journal of the Brazilian Chemical Society. https://doi.org/10.5935/0103-5053.20130261

Arungu-Olende, S. (2007, May 12). Biofuels: benefits and risks for developing countries.
SciDev.Net.
https://www.scidev.net/global/opinions/biofuels-benefits-and-risks-for-developing-countr
/.

Atanassov, P., Apblett, C., Banta, S., Brozik, S., Barton, S. C., Cooney, M., … Minteer, S. D.
(2007). Enzymatic Biofuel Cells.

Babanov, S., Hubenova, Y., & Mitov, M. (2009). Biofuel Cells-Alternative Power Sources.
Faculty of Mathematics & Natural Science.

Biodiesel Fuel Basics. Alternative Fuels Data Center: Biodiesel Fuel Basics. (n.d.).
https://afdc.energy.gov/fuels/biodiesel_basics.html.

Central Intelligence Agency. (2021, April 7). Central Intelligence Agency.
https://www.cia.gov/the-world-factbook/countries/japan/#people-and-society.

Chorbadzhiyska, E., Hubenova, Y., Hristov, G., & Mitov, M. (2011). Microbial electrolysis cells
as innovative technology for hydrogen production. Faculty of Mathematics & Natural
Science.

Davison, A. (n.d.). What are Microbial Fuel Cells. What are Microbial Fuel Cells? - How do fuel
cells work, Info on Microbial Fuel Cells.
https://www.altenergy.org/renewables/what-are-microbial-fuel-cells.html.

Dubrow, A. (2012, January 31). Making Nature's Best Better to Produce Biofuels. NSF.
https://www.nsf.gov/discoveries/disc_summ.jsp?cntn_id=122930.



10

Golsteijn, W. by L., & Menkveld, R. (2020, August 3). Growing biofuels causes food shortages:
myth or not? PRé Sustainability.
https://pre-sustainability.com/articles/growing-biofuels-causes-food-shortages-myth-or-n
ot/.

Makino, H. (2020, February 4). Japan, the new hydrogen nation. Switzerland Global Enterprise.
https://www.s-ge.com/en/article/global-opportunities/20201-c5-japan-hydrogen-market.

Miyake, T., Yoshino, S., Ofuji, T., Kaji, H., & Nishizawa, M. (n.d.). ENZYME-BASED BIOFUEL
CELL DESIGNED FOR DIRECT POWER GENERATION FROM BIOFLUIDS IN
LIVING ORGANISMS.

Norgrove, L. (2010). IMPACTS OF BIOFUEL PRODUCTION ON FOOD SECURITY.
INTERNATIONAL UNION OF FOOD SCIENCE & TECHNOLOGY.

Pier. (n.d.). Japanese Culture - Family. Cultural Atlas.
https://culturalatlas.sbs.com.au/japanese-culture/japanese-culture-family.

PR Newswire. (2018, June 27). Global Biofuel Enzymes Industry.
https://www.prnewswire.com/news-releases/global-biofuel-enzymes-industry-300671711
.html.

Source: Reporterlinker

Ravina, M. J. (2020, September 8). Japanese Culture and Family Life in Japan. The Great
Courses Daily.
https://www.thegreatcoursesdaily.com/japanese-family-life-a-historical-perspective/.

Renssen, S. van. (2020, August 27). The hydrogen solution? Nature News.
https://www.nature.com/articles/s41558-020-0891-0#:~:text=Hydrogen%20is%20essenti
al%20to%20get,on%20how%20it%20is%20made.

Research, H. A. (2020, November 13). Biodiesel vs. Diesel: Everything You Need to Know. Car
and Driver.
https://www.caranddriver.com/research/a31883731/biodiesel-vs-diesel/#:~:text=Because
%20of%20its%20lower%20emissions,U.S.%20government%27s%20preferred%20fuel%
20type.&text=Diesel%20engines%20offer%20consumers%2020,a%20lower%20rpm%2
0than%20gasoline.

The Rise of Bio-Diesel. Green America. (n.d.).
https://www.greenamerica.org/green-living/benefits-biodiesel#:~:text=In%20the%20shor
t%20term%2C%20however%2C%20biodiesel%20remains%20cleaner,efficient%20than
%20gasoline%2C%20but%20on%20a%20smaller%20scale.

Scott, K., Ghangrekar, M. M., Erable, B., & Duteanu, N. M. (2012). Biological and Microbial
Fuel Cells. In E. H. Yu (Ed.), Earth Systems and Environmental Sciences (pp. 277–300).
essay.



11

Selin, N. E. (n.d.). Biofuel. Encyclopædia Britannica.
https://www.britannica.com/technology/biofuel.

Shah, A. (2011, May 15). Energy Security. - Global Issues.
https://www.globalissues.org/article/595/energy-security.

Tokyo Institute of Technology. (2018, August 20). Scientists identify enzyme that could
accelerate biofuel production. Phys.org.
https://phys.org/news/2018-08-scientists-enzyme-biofuel-production.html.

University of Bristol. (2014, October 6). No need for water, enzymes are doing it for themselves.
ScienceDaily. https://www.sciencedaily.com/releases/2014/10/141006085347.htm.

Valle, J. D. (n.d.). Enzymatic Biofuel Cells: Biotechnology For Energy Production With
Biomedical And Biotechnological Application. CORE. Universitat Autonoma de
Barcelona. https://core.ac.uk/download/pdf/78534622.pdf.

Writer, S. (2018, November 2). Jet biofuel mass production to begin in Japan. Nikkei Asia.
https://asia.nikkei.com/Business/Companies/Jet-biofuel-mass-production-to-begin-in-Jap
an#:~:text=TOKYO%20--%20Japan%27s%20biotechnology%20company%20euglena%
20is%20to,being%20the%20first%20company%20to%20fuel%20green%20.

Xiao, X., Xia, H.-Q., Wu, R., Bai, L., Yan, L., Magner, E., … Liu, A. (2019). Tackling the
Challenges of Enzymatic (Bio)Fuel Cells. HAL Archives-Ouvertes.

YouTube. (2019). Biofuel cell (2): enzymatic fuel cell or what is enzymatic fuel cell? YouTube.
https://www.youtube.com/watch?v=tLjId7s8vtc.

Zhao, T. S. (2009). In Micro fuel cells: principles and applications (pp. 179–241). essay,
Academic Press.

Zhihai , X. (2019, March 21). Rethinking Japan's Energy Security 8 Years After Fukushima. –
The Diplomat.
https://thediplomat.com/2019/03/rethinking-japans-energy-security-8-years-after-fukushi
ma/#:~:text=Japan%20thus%20started%20to%20face%20the%20severe%20challenge,se
lf-sufficiency%20rate%20plummeted%20from%2020.2%20percent%20in%20.


