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A B S T R A C T

This research aims to evaluate the performance of a fluidized bed boiler in an ethanol production
plant through exergy and irreversibility analysis. The study also includes the optimization of the
pre-heater and the deaerator in order to improve the system efficiency. Operational data from the
ethanol production plant was collected between 2015 and early 2016. The total exergy derived
from the fuel was determined to be 7783 kJ/s, while the exergy efficiency of the system was
found to be 26.19%, with 2214 kJ/s used in steam production, while 71.55% was lost to com-
ponent irreversibility and waste heat from the pre-heater. The exergy efficiencies of individual
components of the system such as the boiler, deaerator, and pre-heater were found to be 25.82%,
40.13%, and 2.617%, respectively, with the pre-heater having the lowest efficiency. Thus, the
pre-heater has the highest potential to significantly improve the efficiency of the boiler system.
The optimization of the pre-heater shows that a rise in temperature in the outlet of the pre-heater
positively affects the exergy efficiency of the deaerator.

1. Introduction

The rapid depletion of fossil fuel resources coupled with unstable prices and environmental concerns have accelerated concerns in
the area of energy efficiency. A study conducted by McGlade to estimate the total volume of tight oil recoverable worldwide suggests
that between 150 million to 508 million barrels exist [1]. Similar estimates for coal and gas resources, such as coal bed methane, tight
gas, and shale gas are put at 39, 54, and 193 TCM, respectively [2]. It is evident from these values that all non-renewable energy
sources will be depleted in the near future. Despite oil prices plummeting to below $30/barrel in 2015, crude oil resources will still be
depleted in the future. In order to ensure energy security, countries are currently engaged in activities geared at improving fossil fuel
management. In a study by Ediger et al., 2007, a sustainability index comprising several factors such reserve-production, production-
consumption, and carbon emission ratio was designed using data from 62 countries [3]. This indexing allows for better planning
regarding fossil fuel consumption relative to its reserves.

In the power generation and commercial sectors, there are various methods employed in order to reduce the consumption of fossil
fuels. The methods include the reduction of fossil fuel consumption as well as the replacement of fossil fuels by renewable energy
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sources. This is to ensure that fossil fuels remain available for a longer period of time. It is, however, at an economic disincentive to
the commercial sector, as it usually translates into lower profit; hence, it is rarely implemented. In the power generation sector, the
implementation of this method also usually translates into slowed economic growth and, as such, is not commonly implemented. For
instance, China's energy consumption increased drastically from 1793 Mtoe in 2005 to 3014 Mtoe in 2015. This puts China as the
highest consumer, having overtaken the United States, which has a total energy consumption of 2280 MToe [4]. Most of the fossil
resources used are coal and petroleum [5].

Therefore, the optimization of the plant seems to provide the highest opportunity for energy management. It does not require a
huge investment or translate into the reduction of energy consumption in the plant. Rather, it can minimize energy waste and reduce
associated emissions. Energy optimization in a plant can also improve labor productivity since the same amount of energy is used to
produce better products in terms of both quantity and quality. Exergy analysis is an optimization method widely used in several
studies and instances such as the improvement of geothermal power plant efficiency [1–4], coal power generation plant [5], gas
power generation plant [6], Solar tower power generation plant [7], nuclear power generation plant, etc. [8]. In ethanol production,
it is also widely used in improving chemical reactions within the reactor [9–14]. Dadak et al. conducted the exergy performance
assessment of ethanol and acetate formation in a batch bioreactor using clostridium ljungdahlii under various syngas pressures of
between 0.8 and 1.8 atm. The result showed that the lowest overall normalized exergy destruction was found to be 49.96 kJ/kJ [9].
Also, Aghbashlo et al. conducted the exergy analysis of an ethanol production process using a continuous stirred tank bioreactor
[10,12]. Furthermore, Ojeda et al. carried out studies on the enzymatic hydrolysis reaction of lignocellulosic biomass for the

Nomenclature

Symbols

ṁ Mass flow (kg/s)
Q ̇ heat flow (kJ/s)
Ẇ Work flow (kJ/s)
EẊ Exergy (kJ/s)
h Enthalpy (kJ/kg)
g gravity (m/s2)
Z elevation (m)
ex specific exergy (kJ/kg)
I irreversitility (kJ/s)
T Temperature (K)
s entropy (kJ/kg K)
TCM Trillion Cubic Metres
RP Reserves-production

PC Production-consumption
Mtoe Tonne of oil equivalent
FDF Force Draft Fan
IDF Induced Draft Fan

Subscript

CV Control Volume
i Inlet
o Outlet
k Specific stream
ke Kinetik
po Potential
ph Physical
ch Chemical
p Product

Fig. 1. Process layout of the ethanol production plant.

N.A. Pambudi et al. Case Studies in Thermal Engineering 10 (2017) 283–291

284



Download English Version:

https://daneshyari.com/en/article/5011225

Download Persian Version:

https://daneshyari.com/article/5011225

Daneshyari.com

https://daneshyari.com/en/article/5011225
https://daneshyari.com/article/5011225
https://daneshyari.com

