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Concept design of a power plant using algae biofuels
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Abstract. The article deals conceptual design of a power plant using algae bio-
fuels. Traditional energy sources, dominated by fossil fuels, persist despite
growing renewable energy trends like solar, wind, hydroelectric, and geother-
mal power. However, the emergence of algae-based biofuels offers a promising
new direction in energy production. Algae not only cleanse wastewater but also
produce electricity with minimal carbon footprint. This technology prioritizes
on-site electricity consumption over mass distribution, leading to significant
cost reductions. Microalgae, with their high solar energy conversion efficiency,
offer advantages over conventional crops and can thrive in controlled aquatic
environments. They boast fast growth rates, adaptability to various water types,
and continuous production cycles. Additionally, municipal and industrial wastes
can serve as nutrient sources for algae cultivation. Despite its potential, com-
mercial utilization of algae-based energy remains underexplored
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1 Introduction

At this time, when the price of energy is constantly rising due to its scarcity and the
raw materials for its production, when the resources for obtaining it are decreasing,
which will become fewer and fewer, it is necessary to think and technically propose a
set of new technologies to obtain this energy. On the one hand, we produce and we
need this energy for production in any form for our survival, and on the other hand,
we do not know how to renew this energy without endangering the environment. The
production of greenhouse gases is currently a major problem and their sources are
shown in Fig. 1. Today's production of the necessary energy rests on standard proven
sources. These are coal, biomass, gas, atom, water energy, as the most commonly
used, and then natural resources such as solar energy, geothermal energy, wind ener-

gy.
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Fig. 1. Greenhouse gas emissions by source sector, EU, 2020 [1]

Energy harvesting poses a significant challenge in contemporary times. As traditional
fossil fuels dwindle and concerns over their environmental impact escalate, the quest
for new, sustainable energy sources becomes increasingly urgent. Within this frame-
work, there is a growing focus on natural resources that offer sustainable alternatives
to fossil fuels, with algae emerging as a prominent candidate. In recent years, research
on harnessing energy from algae has gained considerable traction. Various scientific
studies and articles delve into different aspects of utilizing algae as an energy source.
For instance, [2] provides an encompassing survey of the diverse technologies and
processes employed in algal biofuel production. Another article, [3], explores the
feasibility of using algae as feedstock for biofuel production, examining their inherent
properties and the potential technologies and processes involved. The technological
aspects of algae cultivation for biofuel production are discussed in the article [4] This
piece elucidates various methods and techniques crucial for enhancing the yield and
efficiency of algal biofuel production, offering valuable insights into technological
advancements in algae cultivation. Furthermore, [5, 6] presents an overview of cur-
rent strategies and prospects in algae for both environmental remediation and biofuel
production. It underscores the advantages of utilizing algae in environmental cleanup
efforts and underscores their potential as a renewable energy source, emphasizing the
pivotal role of algal biotechnology in sustainable development. Algae energy harvest-
ing represents a promising frontier in renewable energy. Research endeavors in this
realm are fostering innovative technologies and processes for biofuel production from
algae. While algae hold the promise of replacing traditional fossil fuels and advancing
sustainable development goals, addressing technological and economic challenges is
imperative to fully realize their potential. Nevertheless, with ongoing research and
development in algae technologies, it is foreseeable that algae energy harvesting will
assume an increasingly significant role in the future energy landscape. Thus, it can be
inferred that algae energy harvesting presents myriad opportunities and challenges,
with ongoing research expanding our understanding of algae's potential to offer a
sustainable alternative to fossil fuels. With continued technological advancements and
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research efforts, algae energy harvesting is poised to emerge as a pivotal tool in com-
bating climate change and facilitating the transition to sustainable energy sources.

New secondary sources of energy that need to be looked at from a global perspec-
tive are municipal waste, waste raw materials of all kinds, apart from nuclear waste,
biomass 3rd generation, and supercritical fluids. Unfortunately, the Czech Republic is
also a landfill superpower. There are almost 200 landfills on our territory, to which
millions of tons of waste are exported annually. Landfills pollute the surrounding
water, release methane into the air, spoil the landscape and occupy agricultural land.
According to the fire department statistics, there were 1,238 landfill fires in 2018, and
the financial costs of one such fire intervention are estimated to be between €19,530
and €39,060. This means €24,179,688 per year, at the lowest costs. And it is not talk-
ing about dangerous substances from burning waste and their impact on the environ-
ment. In the case of landfill fires, there is another release of pollutants into the air. At
the same time, up to 75% of the waste lying around in landfills could be recycled into
energy and reused.

It must be remembered that every business leaves waste after the implementation
of its production program. And this in the form of waste after the production process,
in the form of packaging material after sale to the customer and the object of sale
itself. But there is no company that can process this waste, without impact on the
environment, without a carbon footprint, and turn the waste into a secondary energy
and ecological resource.

Waste raw materials offer an opportunity for a solution. We are exposed to the risk
of solving only a single part of the problem in the disposal of raw waste materials; by
not solving it, we start new problems to solve. I can cite landfills as an example. We
solved it, but we created another problem with the contamination of groundwater, the
release of dangerous gases from the landfill into the air, and the destruction of animal
species and plants at the site of the landfill and in the surrounding area. The construc-
tion of a conventional and now rejected waste incinerator alone will cost 2.5 billion
CZK, and for the production of heat and electricity from the incinerated material, we
will use several times more energy than the incinerator produces. Toxic waste and
emissions (mercury, cadmium, dioxins) are created by burning unsorted waste with a
high content of plastics. Even from the incinerator, the waste is taken to the landfill -
slag and ash (toxic waste) represent up to a third of the original weight of the waste
delivered to the incinerator; so far, no one can dispose of such waste.

2 Materials and Methods

The concept powerplant considers algae as a fast-growing biomaterial. Algae, dur-
ing their growth, consume phosphorus and carbon dioxide and produce oxygen. 1 g of
phosphorus can produce 1700 g of plant matter (biomass, algae). Pressure cylinders
and regulators ensure the supply of carbon dioxide. For larger capacities, it is advisa-
ble to use a separate cogeneration unit to clean the exhaust gases and use them for
algae nutrition. Projects of such power plants are being worked on diligently, but
putting them into practice is still difficult, and many times breakthrough methods of



Concept design of a power plant using algae biofuels 325

obtaining electricity are only in the experimental phase, from which their potential is
already clearly visible.
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Fig. 2. Principle of algae biofuel production

Biofuels in the sense of burning biomass, the production of ethanol or biodiesel
from crops for the production of electricity or heat have been known for many years.
However, the new direction of the entire branch of energy production from biofuels is
the cultivation of algae. Not only can they clean wastewater during the process, but at
the same time the electricity produced in this way has no carbon footprint. On the
contrary, when cleaning water, it removes nutrients that would normally have to be
removed in an energy-intensive process. After growing in the wastewater, the algae
are thus separated from the purified water, which is returned to nature with sufficient
sunlight. The filtered algae can be further processed either for the direct production of
electricity or for conversion into other biofuels.

Current energy is a cumbersome and ossified thing. Despite the green trends of so-
lar, wind, hydroelectric and geothermal power plants, most of the world's electricity
demand is fueled by burning fossil fuels. Changes are taking place, but their use is
rare, and our environment continues to suffer due to emissions from burning coal.
However, the new direction of the entire branch of energy production from biofuels is
the cultivation of algae. Not only can they clean wastewater during the process, but at
the same time the electricity produced in this way has no carbon footprint.
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The technology thus does not reflect the philosophy of selling as much electricity
as possible to the distribution network, but on the contrary to consume the largest
possible share of electricity on site. This leads to a drastic reduction in electricity
purchase costs and considerable savings.

Microalgae are suitable producers of biomass because some strains have an order
of magnitude higher efficiency of solar energy conversion and CO2 fixation into bio-
mass compared to conventional crops. Microalgae grow in an aquatic environment
that can be well controlled and modified. Dense, productive cultures of microalgae
(typically > 0.5 g biomass per liter/24 h). Their preparation is a well-controlled, well-
mixed suspension of cells, grown under suitable growth conditions with sufficient
nutrition and gas exchange. They therefore represent, from the point of view of bio-
technology, an ideal, high-production solar-biological "factory"

Microalgae cultures therefore have a greater tolerance to high irradiance and
achieve a high efficiency of converting solar energy into biomass. Compared to high-
er plants, microalgae have several advantages: fast and controllable growth (the life
cycle is usually one day), the possibility of cultivation in sea or brackish water, which
is unusable for normal agriculture, and continuous production with the possibility of
harvesting and processing at regular intervals. It is also possible to use some munici-
pal and industrial gaseous or liquid wastes, which can be a source of carbon dioxide,
nitrogen, phosphorus or heat, for production cultivations. The biomass grown in this
way is of course not intended for consumption, but it can be used industrially (e.g. in
the production of fuels).

Commercially, this alternative has not yet been used sufficiently to obtain energy.

3 Results and Discussion

The basic area is 1 ha - building with 1 floor + ground floor with an area of 200x50
m. There, it will place 6776 bioreactors, including lighting panels, in the area. Each
panel has a volume of 220 litres. If biomass is within 24 hours in the amount of 0.30
g/l of volume, it would get 447 kg of biomass from 1 ha in 24 hours. This means
18.62 kg every hour. Experts claim that in natural conditions they will get 10,000 kg
to 15,000 kg of biomass per year from 1 ha. For this calculation, we will use a figure
of 12,000 kg per year. Annual wet biomass production would be 163.23 tons per year
from 1 ha. This means that production would be 13 times higher under still stable
conditions. If they were to produce electricity by burning biomass, it would theoreti-
cally achieve an output of 130 MWh per year. The energy efficiency value of the
biomass grown in the test bioreactor depends on the test conditions.
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DESCRIPTION:

1- airtight box lid 7 - water supply with nutrients

2 - €02 extraction on the box 8- aporous mass for the formation of bubbles with CO2

3 - drainage of cyanobacterial flux with holes 9 - box with cyanobacteria

4 - float with closing mechanism 10- supply line with CO2

5- supporting structure of the box 11- water supply pipe with nutrients WITH REDUCTION VALVE
6 - light box 12 - electrical distribution

Fig. 3. Concept of a power plant using algae biofuels

4 Conclusions

The business plan in its concept, to produce smart bioreactors for biomass and use
it as a secondary source of energy, is exceptional. It deviates from the current stand-
ard of the concept of handling biomaterial and pushes the boundaries not only of
technical maturity but also of economic thinking, influences the labour market and
enables the further development of research and technology through economic sup-
port. It has an ecological effect on the environment and significantly reduces the oc-
currence of dangerous gases that today escape from waste incinerators and landfills
that pollute the surroundings. It is exceptional in that the output is a stable product
without fluctuations in production throughout the year. It solves a number of ecologi-
cal problems as a whole. Priority is given to an ecologically clean technological pro-
cess, with no claim to environmental pollution, no waste, and no requirement for en-
ergy resources. This is what makes this project unique.
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