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ABSTRACT

One of the methods to reduce environmental impacts is to use renewable resources such as biomass or even waste. In this work, a novel power
generation system in biomass-powered steam cycles was proposed, comprising biomass gasification, a steam turbine, a pump and a condenser. A biomass
feedstock (rice husk) was used in the gasifier as input fuel. The devised system was analyzed taking into account the sustainability evaluation that
includes thermodynamic and environmental parameters. An energetic, exergetic and exergoecological analysis was carried out. In addition, a detailed
sensitivity analysis was performed to assess the effects of varying operating parameters on system efficiency. According to the results, the energy and
exergetic efficiencies of the system had a value of 23,680% and 12,830%, respectively, where the boiler and the turbine presented the highest average
environmental impact per input and output exergy. The components with the highest environmental impact index associated with exergy destruction
were the condenser and the boiler, representing 99,82%, demonstrating profit margins in the formation of pollutants and exergy destruction. The entire
system had a total ecological impact of 2.614 mPt/s and can be reduced mainly by improving its exergetic efficiency. Exergoecological assessments
can be used to support power generation in complex cycles, especially to reduce the generation of environmental pollution.
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1. INTRODUCTION

The increase in population and the increase in living standards have
led to great concern worldwide about the effect of energy demand
on industrial processes (Rostami et al., 2022) together with the need
to find tools that can help in the global sustainable development and
optimal use of natural resources, a fact that promotes the integration
of multiple generation systems to renewable energy resources to help
overcome environmental problems related to the use of traditional
fuels (Dincer and Zamfirescu, 2012). Problems such as the depletion
of fossil fuels, security of supplies and environmental sustainability
lead to the search for using other types of fuels and renewable energy
sources that represent a gain from the financial and environmental
point of view, providing good energy efficiency. The Colombian
energy matrix is made up mainly of non-renewable energy sources

(62%), with oil, diesel and petroleum derivatives being 46% and
natural gas 16%. In this matrix for the supply of renewable energies
we find 17% in electrical energy, 7% for other alternatives and biomass
participates in 14%, being the most representative for generating
sustainable energy (Buitrago, 2022). Biomass is a biological material
obtained from living organisms that, after gasification processes,
produces gases that can be used as fuels (Méndez, 2010). These can
be found with different contents in most regions of the earth. Biomass
sources can include municipal, agricultural, paper or forest residues.
Sustainability and lower pollutant emissions are the most significant
advantages of commonly used biomass fuels, such as paper, wood,
straw waste, sawdust and rice husks (Cao, 2022).

When studying the world production of rice, according to the
FAOQ, for 2017 it was close to 759,600,000 tons, while in Colombia
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2,700,000 tons were produced (FAO, 2018). Of the total rice
production in Colombia, 18% of the total weight represents
husk, which leaves as production of this biomass: 450,000 tons/
year (Méndez, 2010). Currently in Colombia the use of residual
biomass from rice production is not adequately used. One of the
ways to eliminate this residue is to burn it, causing the production
of unburned substances such as CO, C and H,. Which are the most
common pollutants that escape into the atmosphere in combustion
gases (BOTTA, 2012).

The energy potential for the generation of clean energy from rice
husks was confirmed by Valverde et al. (2007), who presented a
physicochemical analysis of rice husk samples taking different
parts of the world as matrices, conclude that regardless of the place
of origin of the rice husk, the results of the energy potential are
similar to produce electrical energy and that said data show 67% of
calorific value in relation to combustion. The generation of energy
from rice husks resulted in considerable advantages in terms of
energy viability because this type of waste is capable of providing
enough energy for any process with minimal environmental
impact (Quintero, 2017). Power generation from rice husks can
be very important in Colombia, since rice can be harvested at any
time of the year, the period can coincide with periods of high or
low rainfall (reservoir levels hydroelectric). The use of rice husk
for energy purposes can guarantee the energy self-sufficiency of
an industry, with the possibility of selling energy and obtaining
economic benefits.

Rice husk-based power generation has been the focus of many
energetic, economic, and exergetic analyses. Quispe et al. (2019)
analyzed the current scenario of energy resources in Peru and
verified the potential of rice husk. Life cycle assessments were
developed to obtain energy production from this biomass, and the
research confirmed rice hulls as a suitable alternative for energy
generation with economic, environmental, and social advantages.

However, modern systems for power generation need to go one
step beyond thermodynamic performance analysis alone and
include environmental assessments due to the rise of widespread
environmental awareness around the world (Cavalcanti et al.,
2020). Exergy provides information on the quality of energy and is
very appropriate to assess the thermodynamic efficiency of energy
conversion processes, playing an important role in increasing the
use of green energy and technologies (Bilgen and Sarikaya, 2015).
As discussed by Kamari et al. (2022). Those who carried out an
energy, exergetic and environmental study of an integral plant
assisted by biomass for polygeneration fed by various sources
of biomass, where they obtained the energy efficiencies of the
system and the environmental impacts according to each biomass,
concluded that the rice husk had the lowest energy efficiency
compared to the other biomasses, with 71,2%, but obtained the
highest exergetic efficiency with 31,61%, they also concluded that
the highest values of carbon dioxide emissions were achieved with
rice husks. CO, compared to the other biomasses.

On the other hand, focusing on exergoecological assessment,
exergetic analysis is complemented by environmental information
provided by life cycle assessments, which quantify the

environmental impacts of a product during its life. Cavalcanti
et al. (2019) developed exergoeconomic and exergoecological
comparisons for a diesel engine generator powered with different
blends of diesel and biodiesel and found that the addition of
biodiesel reduced the specific environmental impact of electricity.
Similarly observed, Shafie et al. (2011). Based on the life cycle
assessment of electricity generation from rice husk in Malaysia,
they reported on the characterization of electricity derived from
rice husk compared to electricity derived from coal and natural gas
and concluded that the performance of electricity derived from rice
husk is better in the aspect of environmental impact parameters.

However, despite the fact that there is currently great concern about
the environmental impact caused by power generation cycles, the
literature on these topics is very short in terms of exergetic and
exergoecological evaluations of steam cycles fed by biomass.
Therefore, in this work we start from an ideal cycle (Rankine cycle)
for steam power plants, whose fuel is rice husks. With this, the
technical and environmental feasibility of this simple cycle was
evaluated, so that future research on the environmental impact of
steam cycles starts from this study.

Finally, the novelties of this research are listed, intended to
further expand the existing knowledge base: (i) application of the
exergoecological analysis approach, based on the Eco-indicator
99 method, to a power generation cycle fed with husk of rice;
(i1) evaluation of the environmental impact rate per power exergy
and comparison with other conventional and renewable sources of
power generation, and (iii) performance of sensitivity analysis to
investigate the impacts of effective decision variables on results
and efficiencies.

Exergoecological balances are developed to quantify the
environmental impact of each component of the system, obtaining
the environmental impact rate per exergy unit of power. The
exergoecological factors of all the components of the system
are evaluated to determine the components with the lowest
environmental performance and provide information on trends
and possibilities for improvement in the project. The results
provide theoretical information on a steam cycle burning rice hulls
and allow a detailed comparison with data from the literature.
These evaluations help in the decision-making process, directing
investments towards environmentally friendly power production.

2. MATERIALS AND METHODS

In this section the biomass powered power generation system is
presented and details about the energy, exergy and exergoecology
evaluations are provided.

2.1. System Description

The schematic configuration of the power generation system in
the steam cycle is represented in Figure 1. The combustion gas
production process is obtained through a mixture and burning
of rice husks (a) with air (b) in a boiler. The heat originated by
these gases is transferred to the water at constant pressure and
converts it into superheated steam, after making the heat transfer,
the exhaust gases (c) leave the boiler to the environment. The
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superheated steam (#1) leaving the boiler at 900°C and 12,50
MPa drives the steam turbine (TURB) with an outlet pressure of
0,10 MPa. This turbine generates 26,97 MW of energy, and the
output steam (#2) from the TURB changes phase in the condenser
(COND), becoming a saturated liquid (#3) that is compressed in
a pump (BOMB) before entering the boiler (#4) and returning to
the power generation cycle.

System operation data was compiled from a power generation

analysis of a thermoelectric plant by Marrugo et al. (2014). And

steady state conditions are considered for the system:

e The isentropic efficiency of the boiler feed pump is 75% and
it has an outlet pressure of 12,50 MPa

e The mass flow of the water vapor that circulates through the
cycle is 1 kmol/s

e Atmospheric air is at 25°C and 101,15 kPa. The gases
exchange heat in the exchanger and leave at 560°C, with
constant pressure

e The temperature and pressure of the water vapor at the exit
of the exchanger are 900°C and 12,50 MPa, respectively

e The isentropic efficiency of the turbine is 93% and it has an
outlet pressure of 103 KPa equal to that of the condenser.

2.2. Energy Analysis

Combustion is a chemical process in which a fuel is oxidized
through a chemical reaction, resulting in energy and combustion
products. All combustion requires an oxidizing agent and a fuel, the
most frequently used oxidant is air, because it is very affordable.
Air consists of a mixture of 21% oxygen, 78% nitrogen, and 1%
other gases such as argon, helium, neon, etc. They are found in
small amounts and are considered as nitrogen. Consequently, for
lkmol of O, entering a combustion chamber, there will be 3.76
kmol of N,, which add up to 4.76 kmol of air. On the other hand,
the fuels that are mainly used are based on hydrocarbons that are
mainly composed of hydrogen and carbon, denoted by the general
formula C H (Cengel and Boles, 2009). However, the fuels that
come from biomass are denoted by the general formula CH O N_
(Méndez, 2010). Rice husk is a biomass that presents interesting
chemical properties such as low phosphorus content and high
cellulose content that makes it suitable as biomass in combustion

Figure 1: Schematic diagram of the power generation system

Wb

9 Exhaust gases
Rice husk

processes (Méndez, 2010). Table 1 shows the elemental analysis
made by (Méndez, 2010).

According to (Méndez, 2010), the composition of the wet rice
husk (mass basis) it is 37.64% C, 4.66% H, 0.87% N, 28.69% O,
22.48% water (H,0) and 5.66% ash. The mole fractions of the
main components of the rice husk (carbon, hydrogen, oxygen,
nitrogen) should be calculated.

The combustion reaction can be written per kmol of rice husk,
as equation (1):

CH, 485700.5717No 0108 + 9(02 +3,76N, )
:OCI C02+ 0C2 H20+ 0C3 N2+ (XZ4 02 (1)

0 is the theoretical amount of air. ¢ represents the stoichiometric
coefficients of the gaseous combustion products evaluated by the
balance of chemical species. 0 is considered as 0.2.

Considering an adiabatic combustion process, according to He
et al. (2022) the energy conservation equation for the considered
combustion process can be presented as follows:

ZXk (H?k + Ah) gy + ZXk (H?k +Ah) 5
k k

= sz (H(f)k + AH)products (2)
k

X is the number of moles of reactants and products in the
combustion reaction, hf 0 is the enthalpy of formation of each
substance, and Ah is the change in enthalpy of formation in relation
to the dead state.

The calorific value (LHV) was studied by Méndez (2010), and
has a value of 12903 kJ/kmol.

On the other hand, the mass and energy balances considering
the steady state are applied to the energy system to find the mass
flow rates, the thermodynamic properties of each flow, the power
of the system and the thermal energy of the process Cavalcanti
et al. (2020). The effects of potential and kinetic energy are not
considered.

2.3. Exergetic Analysis
The exergy of a system is the maximum useful work that can be
obtained from the system in a specific state (Cengel and Boles,

Table 1: Elemental analysis of rice husk (Méndez, 2010)

Rice husk composition Mass percentage

Residual moisture 5.66
volatile matter 65.41
Ash 22.48
fixed carbon 6.45
Carbon 37.64
Hydrogen 4.66
Nitrogen 0.87
Oxygen 28.69
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2009). Ambient conditions (dead state) are 25°C and 101 kPa.
Exergy is made up of four subcomponents which are physical
exergy, chemical exergy, kinetic exergy, and potential exergy.
Sometimes, the kinetic and potential exergies are neglected
because they have low values (He et al., 2022). Then, the specific
exergy for the system is given by equation (3).

b=b" +ph (3)

Where, b”" denotes the physical exergy and can be calculated with
equation (4) (Rhenals and Torres, 2016).

The chemical exergy of the rice husk is estimated using the
method used by Rhenals and Torres (2016). In which the chemical
exergy for the solid biomass fuel is described by the following
equations (5) and (6).

h
b;:)iomass =2 'LHVbiomass (5 )
LHV is the lower calorific value of the biomass, in this case

biomass

of the rice husk, and f is the ratio between the chemical exergy
and the lower calorific value of the biomass. B It can be calculated
as follows (Rhenals and Torres, 2016):

1,0414+0,0177 L -0,3328 o 1+0,0537 H
C C C

1—0,04321(())
C

Where C, H and O represent the percentage of carbon, hydrogen
and oxygen, respectively, in the biomass. On the other hand, the
chemical exergy for ideal gas mixtures is presented by equation
(7) (Rhenals and Torres, 2016):

bh, = inbgg +RT, ZXiln(Xi) (7)

B=

(6)

Where X, represents the mole fraction of each component and b;g’

is the standard chemical exergy (Rhenals and Torres, 2016). The
standard molar chemical exergy values for CO,, H,O, N, and O,
are: 19870, 9500, 720, and 3970, respectively. These values were
obtained from Morris (1988).

On the other hand, the exergy balances for each of the control
volumes of the system can be represented as in equation (8)
(Cengel and Boles, 2009).

ZBi,k = ZBo,k +¢ (®)

Where B; is the exergy into and B, denotes the fraction out of the
control volume. Also, ¢ it indicates the portion of exergy destroyed.

The exergetic efficiency (¢,) of the kth component is defined as the
ratio between the output exergies and the input exergies (Bejan
et al., 1995) and is shown in Equation (9):

g = = ©
Bk

Table 2 shows the mass, energy and exergy balances for each

component of the system.

2.4. Exergoecological Analysis

The exergoecological evaluation is in charge of quantifying the
environmental performance of an energy system (Cavalcanti et
al., 2020). EI99 was used to express the environmental impacts
obtained via LCA and indicates the environmental impact in terms
of a single index measured in points (Pts) or millipoints (mPts).
One point represents one thousandth of the annual environmental
load of an average European inhabitant (Goedkoop, 2000).

On the other hand, the ecological impact per unit of exergy j, is
defined by J, = E, j, where the environmental impact rate J is
expressed in eco-indicator points per unit of time, for example,
eco-indicator 99pts/s. The exergy-based specific environmental
impact J (also called specific environmental cost) is the average
environmental impact rate per unit of exergy (Pt/exergy or mPt/
exergy) (Meyer, 2009).

The balances of ecological impact of the kth component are
expressed through equations (10) and (11).

Jix =Jox + Yk

(10)

Jox “Eox = Jix ~Eix + Yk (11)
Jix¥Jox represent the ecological impact rates at the input and
output of each component [mPt/s], respectively, j, , and j,
are the corresponding average ecological impacts per unit exergy
[mPt/kJ] for the input and output of the component, respectively,
and Y, is the ecological impact rate of the component [mPt/s]
(Cavalcanti et al., 2020).

The ecological impact of exergy destruction J px identifies the
ecological impact due to exergy destruction within the kth
component (Cavalcanti et al., 2020):

(12)

JD,k = jo,k *Pk

Table 2: Mass, energy and exergy balance equations for the components of the system

Boiler N4 _ Nl
Turbine Nl _ Nz W, = N
Condenser Nz _ N3
Bomb N3 _ N4

Oincat = Nyapor (Il —hy )
vapor (M = h2)
0. = Nygpor (2 = 113)
Wy = Nyapor (15 = hy)

PCald = Bpiomasa + Ba — B — Bc
or 231 —Bz _BWT
®c =B, - B, _BQC
¢p =By - B, _BW,,

International Journal of Energy Economics and Policy | Vol 13 « Issue 2 « 2023




Rhenals-Julio, et al.: Exergoecological Evaluation of Power Generation in Steam Cycles Fed by Biomass

The total ecological impact associated with the nth component
is provided by and identifies the ecological relevance of the
component in the system being studied, as expressed by equation
(13), (Cavalcanti et al., 2020):

jT0T,i =jD,k +Yk (13)

The relative difference of the ecological impact (r,,) and
the exergoecological factor (j,,) are used to evaluate the
exergoecological performance of each component within the
system. (r; ) is the relationship between the increase in the average
ecological impact and the average ecological impact of the input
and is given by equation (14):

N RS (14)
Jix
I indicates the potential to reduce the ecological impact of a
component (Cavalcanti et al., 2020). A relatively high value of (rj’k)
indicates components whose ecological impact of the product can be
reduced with less effort, compared to components with a lower value
L The exergoecological factor expresses the relative contribution
of the ecological impact related to the component Y, to the sum of
the ecological impacts associated with the kth component:
Y Y
Ik Y Jrork

fix (15)
The ecological impact related to the component Y, is dominant when
the value of fj!k is greater than approximately 0.7; however, when
exergy destruction is the dominant source of environmental impacts,
the value of fj,k becomes less than about 0.3 (Cavalcanti et al., 2020).

For the components that make up the Rankine cycle under study,
the ecological impact rate of the turbine (Yturb), the pump

(Ybomb) , the condenser (Ycond) and the boiler (Ycald) are:
0.006, 4.000x1075, 0.022 and 0.020, respectively. In addition, the
ecological impact rate in the pump (j; poy, ) » for the water (j; Agua)
and for the Q of the condenser (j, conq) They are: 0.004, 6.785x107
and zero, respectively. These data were taken from Nasruddin
et al. (2020).

On the other hand, to amplify the effect of plant size on ecological
impact measurements and determine the minimum size to have
low emissions, the second derivative criterion must be applied. The
second derivative test is a theorem to carry out a proof corresponding

to the relative maxima and minima of a function. To determine the
size of the plant and obtain low emissions, it is defined as equation
(16) (Gutiérrez et al., 2018). To determine the size of the plant and
obtain low emissions, it is defined as equation (16).

Jwt _ JWt, y3 _(ZJW'[, y2)+JWt, yl (16)

2(W W

2
neto, x3 ~ Y'neto, xl)

Where the subscripts y3, y2 and yl correspond to each of the
values of the ecological impact according to the W that the plant
would perform, and x3, x1 are the values of the W__ to obtain the
Jwt, y3 and Jwt, y1 of the plant.

3. RESULTS AND DISCUSSION

From the data of the elemental analysis of the rice husk carried
out by (Méndez, 2010). The combustion analysis for the Rankine
steam cycle is carried out, taking into account an excess of air of
20%. Solving equation (1) and by means of the combustion energy
balance, a flame temperature of 1189°C was obtained. The data were
obtained using an EES (Engineering Equation Solver) software code.

After solving the combustion analysis, the data obtained were
used as input parameters to carry out the energy, exergetic and
exergoecological balances. Table 3 shows the data of the molar
flows, as well as the temperature, pressure, exergetic indices and
environmental impact indices.

The combustion of rice husk has an air-fuel ratio of 6.18 kmol
air per kmol of rice husk and at the exit of the combustion gases
N, has the highest mass composition with a value of 28.834%,
followed by CO, with 15.682%.

On the other hand, the power generated by the turbine is 26.969
MW, the power consumed by the pump is 310.8 kW, and the
heat output from the condenser is 43.841 MW, thus obtaining a
net power of 26.658 MW. Under these operating conditions, the
Rankine cycle was able to produce an efficiency of 23.680%, which
is below the average thermal efficiency of an ideal Rankine cycle
of 30%. This low efficiency of the cycle is due to the fact that the
gases leaving the combustion chamber do not exit at such high
temperatures, so the heat transfer to the working fluid is not high
enough to achieve higher efficiency.

Table 3: Results of the energy, exergetic and exergoecological balances of the Rankine cycle fed with rice husks

a Rice husk 0.379 25 100 207835.450 0
b Air 2.345 25 100 0 0
c Hot gases 2.725 1189 100 121213.450 0
C Exhaust gases 2.725 500 100 52924.950 0
1 Water steam 1 900 12500 74913 1.843
Two Water steam 1 189.800 103 47827 0.440
3 Saturated liquid 1 189.800 103 6898 0.470
4 Saturated liquid 1 102.400 12500 7204 1.840
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The effect of the relationship of the outlet temperature of the gases
T, in the combustion chamber presenting and not presenting
excess air is shown in Figure 2. For the exit of the combustion
gases, it is possible to determine that the temperature decreases
as the excess air in the combustion chamber increases, and is self-
explanatory with the presence of O, in hot gases, in addition the
excess air is heated at the expense of combustion heat, lowering
the temperature of the flame, and as an effect the mass of the
combustion gases increases, losing a high fraction of heat in the
exhaust gases (Buelvas, 1995). The results of the energy, exergy
and exergoecological balance are shown in Table 3.

Figure 2 shows the relationship of exhaust gas outlet temperature
with the percentage of excess air.

3.1. Exergetic Value of the System
The exergy balances were made for each component of the system,
using the input exergy and the output exergy in each component.

Table 4 Shows the destruction exergy rate (¢), the input exergy
(B,) and output exergy values (B,) of each component, and the
exergetic efficiency (€).

The results of the exergy analysis showed that the highest input
and output values in the components were located in the boiler and
in the turbine, this is due to in the boiler, the combustion chamber
converts the chemical exergy of the rice husk into energy in the
form of heat and the turbine is the component that generates power
from the energy of water vapor. Furthermore, boiler and pump
present the highest and lowest value of destruction exergy of the
system, respectively.

On the other hand, the turbine and the pump have the highest values
of exergetic efficiency, while the condenser has the lowest value

Table 4: Parameters of exergy of the components of the
Rankine cycle

Boiler 215039.452 127837.950 87191 59.449
Turbine 74913 74796 117 99.900
Condenser 47827 9693 38135 20.260
Bomb 7208.800 7204 5222 99.930
Figure 2: Flame temperature with respect to excess air
<
1300 -|
g
T 1200 -
E 1100 -|
3
5 1000 -
2
S
900 -
800 \ \ T T \ \ \ !

1 11 12 13 14 15 16 17 18 19 2

¢ (excess air)

of all the components. The total exergy destroyed by the system
is 125448.222 kW, of which the boiler contributes 87.191 kW.
The reason for this is due to the chemical exergy destruction of
the rice husk.

The total exergetic efficiency of the system is 12.830%, a similar
value obtained by Cavalcanti et al. (2020), who used sugarcane
bagasse to analyze an energy cogeneration system and obtained an
exergetic efficiency of 19.73%, due to the high moisture content,
equal to the research carried out by Cavalcanti et al. (2019).
That they obtained an exergetic efficiency of 16.89%, because
they consumed a lot of heat to evaporate the humidity of the
eucalyptus that they used as biomass. These low efficiency values
are indicators to improve the performance of these cycles, such
as the use of exhaust gases to reduce humidity.

Figure 3 Shows the part of total exergy destroyed by component.
The CC is responsible for most of the destruction rate with a value
0f 69.046%. Other studies that have used biomasses as fuel present
similar results, such as Singh, (2020) with 68.22% and Cavalcanti
et al. (2019) with 83.28%.

3.2. Exergoecological Analysis of the Rankine Cycle
Table 5 Presents the evaluation of the exergoecological impact by
input and output exergy in each component, the environmental
impact related to the components, the rate of ecological impact
by exergy of destruction, the sum of the ecological impact of the
components and the exergoecological factor of the system.

The turbine has the highest ecological impact at the input because
it generates the power of the system followed by the boiler that
generates the hot gases that generate heat for the cycle, to this
is added that the turbine uses the steam that comes out of the
product of the heating generated by the boiler. On the other hand,
this higher value that enters the turbine is due to the high rate
of destruction of chemical exergy that exists within this process
(combustion).

Likewise, the condenser next to the boiler presents the highest
environmental impact index associated with exergy destruction.
Both components represent 99.82% of the total ecological impact
associated with the exergy destruction of the system. Also, the

Figure 3: Percentage exergy of destruction of each component
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Table 5: Parameters of the evaluation of the exergoecological impact of the components of the Rankine cycle

Boiler 0.255 0.025 8.957 22.277 22.280 0.011
Turbine 0.025 0.061 25.592 0.003 0.010 71.172
Condenser 0.009 0.068 97.092 0.352 0.355 7.606
Bomb 4.484 0.255 0.177 0.003 0.002 1.725
System 4.417 0.052 - e e e

Figure 4: Relationship between net power and environmental impact

0.189

0 500000 1000000 1500000

Whnet (kW)

2000000 2500000 3000000

condenser is responsible for the highest ecological rate per
component with a value of 0.027 mPt/s. however, according to
(Cavalcanti et al., 2022) it has been shown that the environmental
impact rate of a component (¥) does not significantly affect the
total environmental impact (J,, ) . In the case of the condenser,

Y it only represents 1.030% of the total environmental impact
(22.614 mPt/s).

The exergoecological factors of the components were >0.90%,
with the exception of the boiler because the exergy environmental
impact rate is attributed to the element and not to the production
of pollutants because biomass is considered an energy renewable

and does not produce pollutants. Likewise, the ecological impact

. Pt .
rate per unit of exergy to generate work was 0.188 Z% , which
is equivalent to 86.70% lower than the value obtained by
(Cavalcanti et al., 2020) in the cogeneration of electricity from
biomass such as sugarcane bagasse of sugar.

On the other hand, the effect of the relationship between the net
power of the system and the average ecological impact per unit
of exergy at the turbine outlet is shown in Figure 4. According to
Figure 4 for the net power generated by the system, the ecological
impact per unit of exergy at the turbine outlet decreases as the W__
of the cycle increases and is explained by the increase in work
generated in the turbine because the rate of exergy destroyed
decreases and together so does the ecological impact at the turbine
output.

From the solution of equation (h) we can show in Table 5. The
recommended minimum power so that the environmental impact
in the system is the lowest applying the second derivative in
Figure 4. It helped us find the inflection point of the data, in this

case, the power required in a thermal power plant to minimize
environmental impact, which should be 750000k W.

0.188 -

o188 - 4. CONCLUSIONS

0.187 -
§ 0.187 1 In the present study, some energetic, exergetic and exergoecological
E 0.186 - analyzes were carried out for a steam power generation cycle fed
§ 0186 with rice husks, which produced a net power of 26.658MW with

0.185 4 an energy efficiency of 23.680% and an exergetic efficiency of

0.185 1 12.830%.

0.184 - N ® ° N

0.184 T T T T - - vﬁ 1

The boiler presented an exergy destruction rate of 86.618 MW,
which represents 69.047% of the total exergy destruction, in
addition, the specific environmental impact of power and steam
were, respectively, 0.188 mPt/kWh and 0.244 mPt/kWh.

On the other hand, the highest environmental impact rate
associated with exergy destruction occurred in the condenser with
avalue 0f 97.092 mPt/h. If the environmental impact of a thermal
power plant is to be kept to a minimum, the recommended power
output should be 750000 kW.

The system presented an energy and exergetic efficiency according
to the literature, but a way to optimize the system and achieve a
higher efficiency would be to take advantage of the exhaust gases
to reduce the humidity of the biomass, with this, the calorific value
could be increased of the biomass and with it the transfer of heat
to the fluid that circulates through the cycle would increase.
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