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Abstract
The purpose of the present study was to investigate

a concept of a fuel reproduction after its burning and
CO2 trapping. This concept is considered with
practical (technical) point of view. We focus our
attention on the involving of biological system of fuel
reproduction and CO2 trapping in power plant for
electricity production.
The paper discusses the energy, biological, ecological
and economical aspects of such power plant. This
work is connected with potential development of
zero-emission power and technological plant on the
base of microalgae solar photosynthetic pond.

Introduction
Among the ideas to trap CO2 from the power plant

burning fossil fuel, which have been advanced in
recent years, the idea of using of biological systems
for the purpose seems the most attractive with regard
to potentially positive ecological results. Biological
studies have determined the certain types of water-
submerged microalgae with a growth rate high
enough to allow their industrial use, not only for
trapping but also utilization CO2 through conversion
microalgae biomass into fuel. Although these
developments have been mostly divorsed from the
power engineering, in our view this problem has
reached a stage when it is possible to begin a practical
integration of CO2 trapping biotechnology in fossil
fuel burning power plant. This project deals with a
300 kW combined power-technological plant of this
type.

Carbon dioxide trapping and fuel reproduction
The analysis indicated that only cianobacteria and

microalgae that possess two photosystems and
perform photolysis of water have potential for
trapping carbon dioxide from flue gas at large amount
[1].A
mayor potential application is the fuel production
from microalgae and is to make useful products from
photosynthetic biomass such as hydrocarbons, fatty
acids, protei for using as animal feed and ets. A water
race track type shallow pond connected with the
source of flue gas (power plant) through a
pipeline. The determining parameter in calculating the
pond area required for a 300kw power plant is the dry
biomass output of the former per m2 per day (q). The
q data obtained in biological studies vary fairly widely.
Setting it for the present purpose at q = 0.2 kg/ m2

day, the per unit heat generation capacity of the
biomass is Q' = 0.2 * 19 = 3.8 MJ/ m2 day = 0.044
kJ/m2sec
With the power plant efficiency set at r\ = 0.167, we
have Q'' = 0.044 • 0.167 = 0.0073 kW/m2 and for P
= 300 kW , S = 300/0.0073 = 4.08 -104 m2 = . ~ 4
ha. Consumption of fuel: Mf = 0.2 (kg dry/m2 day) *
4.08 * 104 m2 = 8.16 t/day= 2940 t/year.
Pond depth - lm, water volume - 40,000m3, in which
can be 3.52* 10< m3 of CO2 = 5.22*10<kg of CO2.
The theoretical value per unit volume of the gases is
Vt = VCO2 + VH2O = 0.9 + 0.62 = 1.52 m3/kg of
fuel. The volume of the CO2.in the gases is V = (0.9
m3/kg of fuel) * (0.094 kg of fuel/sec) = 0.085 m3/sec
and the amount of water needed for desolving is v =
0.085/0.88 = 0.096 m3/sec. Mass of CO2 absorbed
from the flue gas Mco2 = 0 9 m3/(kg of fuel) * 2.94 *
106 kg = 2.64 * 106 m3 CO2 = 2.64 * 106 m3 * 1.98
kg/m3 = 5.23 * 106 kg CO2 /year= 14.5t CO2/day. On
date [2] average solar radiation around Tokyo is
about 500 kW/cm2.y. If this energy is consumed by
microalgae photosynthesis, then 140 g CO2 can be
fixed per m2 day, i.e. 5.6t/day CO2 or 39% of CO2-
emission. .

Energy aspect
The main concept of zero-emission for considered

power plant consists in a classical Rankine cycle
where the biomass fuel is burned in a low-pressure
boiler and mixture of oxygen and carbon dioxide is
used in the combustion process instead of air [3]. The
reason of using oxygen to avoid the presence of
nitrogen which on the one hand, blocks dilution of
carbon dioxide in water, and generates NOX, on other
hand [4].
A mixture of water and microalgae is pumped out of
the pond ( Fig. 1) at 2 bar and is sent to the FSU. .
The water flow and the flue gas flow, leaving the
boiler, are mixed in order to dissolve CO2 in water.
The resulting mixture flow is injected into the pond.
The ASU produces O2 at 98% purity with specific
power consumption 0.22 kWh/ kg O2. A fraction of
the exhaust gases is recirculated into the boiler in
order to control the decreasion of CH2O temperature
in pure O2. The combustion gases are used to
vaporize the water and overheat the steam up to 250
C (15 bar) in the Rankine cycle. A heat loss in the
boiler of 10% of the heat input is assumed. The
superheated steam is sent to the steam turbine where
it is expended to the air cooled condenser pressure,
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namely 0.02MPa.. Realistic figures for the isentropic
effectiveness of the steam turbine and generator are
taken as 0.7 and 0.95 respectively. Results of the
numerical simulation for a demo power plant of 300
kW are following: Gross output = 322.5 kW, ASU
consumption = 20.6 kW, Pump consumption = 1.9
kW, Net output = 300 kW, Heat input = 1810 kW,
Net efficiency =0.165.
This cycle has a low efficiency of around 25%
because the Rankine cycle itself has efficiency as low
as 30%. In this first calculation, no bleedings and no
reheat were introduced. So the efficiency of the steam
cycle has a farther potential of improvement. For
instance, supercritical stem conditions can be used. In
addition, due to the small size of the installation the
turbine effectiveness is lower and the heat losses in
the boiler are higher than in a large power plant. On
the other hand the big efficiency penalty is due to
ASU consumption and amounts to around 5
percentage points
A power plant based on such a cycle comprises of the
following processes: 1.Absorption of CO2U1 sea
water, 2. Production of a combustible biomass in a
solar pond containing submerged microalgae, 3. A
combustion chamber for the dehydrated biomass and
a steam boiler, 4. A solar pond, 5. An oxygen plant,6.
CO2 absorber (fore-reactor).
Air enters the air separation unit ( Fig. 1) where O2 is
produced. It is a mature technology, the specific
power consumption is 0.2 kWh/'kg O2 . The nitrogen
is released to the atmosphere without any harm. The
produced O2 is directed to the furnace of the steam
boiler. The pond is the major part of the proposed
power plant. It is filled with water with microalgae.
The pond absorbs solar energy, converting the
dissolved CO2 into organic matter (Qr= 19 MJ/kg),
which is then directed to the furnace and used as fuel
for the power plant. The combustion products (CH2

O)x + O2 —> CO2. + H2O + 19MJ/kg (CH 2O)X

are directed to the CO2. absorber. The excess CO2 is
absorbed directly in the pond. The solubility of CO2 in
water is sufficient (at 20 C 1 volume H2O dissolves
0.88 volume of CO2.).The water-fuel separation unit
breaks down the mixture of water and algae into pure
water and wet organic matter [5].
Characteristics of turbogeneratorGenerator power
300kW , Steam pressure before turb. 1.5MPa, Steam
temp, before turb. 250°C, Steam pressure after turb.
0.02MPa, Turbine efficiency 0.7, G^^r 2340 kg/h.
Fuel consumption 343 kg/h.

Peculiarities of Combustion in Oxygen
The zero-emission combustion in an oxygen

atmosphere involved in the project entails, unless
special measures are taken, a higher combustion
temperature ( ~ 2800K) compared to combustion in
air, exceeding the permissible level for the boiler
heating surfaces. To bring the former closer to the
air-combustion level, it is proposed to recirculate the
flue gases, for which purpose an exhaust fan is
provided in the scheme .

The recirculation ratio r = Vg/Vres is determined
from the requirement of an identical because of the
higher heat capacity nitrogen/oxygen ratio is b = VN2 /
VO2 = 79/21 =.3.76. For inert-constituent effect in
the combustion chamber as that provided by the
nitrogen. At a = 1 the flue gases, the level must be
lower of the triatomic CO2 and H2O compared with
the diatomic nitrogen (Cp,co2./Cp,N2 = 2.2/1.4 =
1.57), whence the ratio should be b = V Co2, mc/Voi
= 3.76/1.57 = 2.4.

Economical Aspects.
The general balance of energy production is: N = B/

Qf r]o /3600 ,: Qf= 19MJ/kg ; Bf343 kg/h ; 77/1 =
0.167 .Then: N= 343 kg/h * \9MVkg * 0.167----
1088*10 > kj/h = 300 kW.
Assumptions: auxiliary power e - ej+e2= 10% ,
where et ~ 4% - auxiliary power on feed pumps; e2

= 6% - auxiliary power on smoke exhauster, drives of
centrifuge and mixer.
The estimate of the unit price of the energy includes
the capital and operating costs on the equipment for
fuel reproduction in the microalgae solar pond
and ones for actually equipment of power station
On data [6], the capital (C;) and operating (C ;) costs
are following:C'/ = 700 000 S/ha/year; C" ;= 18500
$/ha/year.
Then for our solar pond ( S= 4 ha) C, =. 400 000
$/year; C"i = 74 000 S/year.
On date of price lists for power station equipment (N
= 300 kW):C'2 = 250 000 $; C"2 = 50 000 $/year.
C •--- 400 000 + 74 000 + 250 000/5 + 50 000 ^574
000 $/year.
Annual energy produced. A = 300 kWh 24 360 =
2.6* 106 kWh/year. Then unit prices of energy
produced: Po = 5.7410s/2.6106 = 0.22 $/kWh. The
annual monetary value of charge produced: E =2.6106

0.22 = 574 000 $/year.
Comparison to the production cost of conventional
power plants is necessary to produce for every
concrete placement of power plant. But estimated unit
price is same order with ones of conventional
installations {0.1 - 0.3) $/kWh.
The produced electric energy will be sold and used by
consumers located near the power plant; it is relevant
for consumers move away from high-voltage lines of
big power plants.
Annual operating and maintenance costs M of the
installation in the project, excluding energy costs,
financial and depreciation charges: Staff - 70 000 $,
Materials - 10 000 $, Instruments - 10 000
S.Maintenance - 30 000 $ , Spare parts - 10 000 $,
Other - 5 000 $. Total M=135 000 $
The payback time for the investment I is expressed as

the ratio I/(E-M).

1 = 1 295 000 $, t= I / (E-M) =

=1 295 000/ (574 000 -135 000) = 3 years
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Conclusions
The power plant with a simple coaventional Rankine

cycle, but the solar radiation- and CO2-capture by the
photosynthetiic microalgae pond is recommended.
Due to the zero level emissions it can be used in
densely populated places with sufficient solar
radiation (below 40° of latitude), in remote village and
farms.
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Fig. 1. Configuration of power plant and results of
simulation
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