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Abstract

Sugarcane processing industry is believed to consume a high amount of energy through several production stages. Consequently,
the cost of energy is considered an important item in total production costs that consuming a detectable part of the company’s
annual profits. Energy audit program (EAP) is considered an important pillar to mitigate the high-cost production for improving
the efficiency of industrial operating conditions. It improves the efficiency of the factory’s components through three scenarios.
The first is starting from classifying the utilities inputs and outputs to evaluate energy balance of each equipment. Results
indicated that in the first scenario by using steam dairator, the fuel flow rate can be reduced by 189.49 m3/h which raise the
energy efficiency by 6.32 %. In the second scenario, boiler blowdown heat exchanger only, flow rate of 166 m’/h of fuel can
be saved with 5.52 % increasing in energy efficiency. In the third scenario, mixing between the two previous scenarios will
increase the energy efficiency by 22.1 % via saving fuel reached about 664 m*/h. It was found that the suggestive solutions are
significantly contributed remarkable improving in the company’s energy efficiency. Consequently, they decrease energy cost

items and increase the company’s annual output profits.

Keywords: Energy Recovery; Efficiency improvement; Fuel Saving; Industrial Boiler.

1. Introduction

Recently, it was a powerful trend in rising the human
populations coupled with a climatic changing that
forced the world to provide more energy and saving
the environment away from climate changing [1,2].
Sugarcane is a worthwhile cash crop used as a raw
material in a lot of food industries, especially in sugar
processes industry. The average global yield of
sugarcane was approximately 70 ton per hectare
during 2021 which represented nearly 80% of global
sugar production [3,4]. The sugar factories are
classified from medium to large scales with a complex
energy integration of the process for providing the
high production. Generally, it is well known that
energy is considered one of the important factors in the
sugarcane facilities. These industrial production
processes in such factories are ranging between

medium to large scales working with very complex
energy integrating system that supported the high yield
production [5,6]. In sugarcane factories, two types of
energies have been utilized; the Thermal Energy (T.E)
and electric power. The T.E is considered the highest
energy consumption for fulfilling the requirements of
the production process that contributed by the higher
share in the operational costs. Production process
started by heating the sugarcane juice with steam that
usually produced from evaporation station. Rocha et al
(2022), showed that the heat was indirectly transferred
through shell and tube exchanger unit because it has a
large heat transfer area [7]. Energy conservation can
be implied as smart and efficient use of source to
confirm that a particular maximum amount of energy
activity, productive work and profitability has been
achieved. In order to achieve higher annual production
profits; energy cost has to be minimized by applying a
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proper Energy Audit Program EAP [8]. The EAP is a
technique for identifying energy losses, quantifying
them, estimating conservation potential, evolving
technological options for conservation and evaluating
techno-economics for the measure suggested as stated
by Ndugi et al (2015) [9]. There are several
alternatives to increase the boiler efficiency; such as:
(1) lowering the stack temperature, (ii) preheating the
combustion air, (iii) recovery heat from boiler
blowdown, (iv) cooling the blowdown and heat up the
makeup water, (v) reducing the steam usage by
insulating the piping, tanks and others utilities that
heated by steam [10-12]. Scientists concerned studies
on improving the boiler house efficiency and provided
several recommendations that resulted net increase of
2% in the overall boiler efficiency and in some cases,
it reached to 15 % [13, 14].

The current article presents a case study that
performed EAP for a sugarcane industrial company
located in Egypt. The thermal and electric energies
have been identified through detailed classification of
each energy utilization. It aims also, to find out the
actual situations of energy needs and utilization in a
steam demand process with needed electrical energy.
Identification, evaluation, and analysis of the steam
flow in the used boiler for the production process have
been detailed studied.

2. Materials and Methods
The current study performed an EAP to present the

energy efficiency improving approaches in both
thermal energy and electric power utilized in the
sugarcane company industrial plant. Three scenarios
have been proposed in the current study. The first
scenario is to preheat the feed water side prior entering
the boiler via a steam dairator only; the second is to
preheat the feed water with steam from boiler
blowdown, and the third scenario is a mixture between
both first and second scenarios. The study studied the
scenarios implementation at variable flow rates and
percentages of steam dairator with boiler blowdown.
It also focused on the recommended 6% ratio of steam
dairator and boiler blowdown.

2.1 Thermal Energy Data Collection

2.1.1 Distillation Plant

The distillation plant contains two water tube boilers
which produces 20 and 25 ton/h steam from the first
and second boilers; respectively. A balance between
water and steam has been made for the quantities of
the boiler. A collected data of consumed daily
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quantities of fuel, the exhaust resulting from burning
the fuel, and the resulting steam are represented as
flow rates. Temperature, operating pressure, as well as
the boiler blowing rate, are shown in Fig. (1).

Steam
Flow rate = 36 ton/h
Pressure = 10 Bar
Temperature = 300 °C

1

Natural Steam Plant Combustion
Gas Capacity Gases
Flow rate = (80%) Air Fuel Ratio

3000 m*h [45 ton/h for =1:13
E> two boilers x E> Flow rate =
80% 39,000 ton/h
=36 ton/h] Temperature =
150 °C
Blowdown

Flow rate = 1.7 m’/h
Temperature = 120 °C

Fig. 1 Mass Balance of Distillation Plant Boiler

2.1.2 Chemical plant
The chemical plant contained one water tube boiler

with 25 tons steam per hour. A balance of water and
steam for the boiler has been made for the quantities
as shown in Fig. (2). The daily quantities of fuel
consumed and the resulting exhaust from fuel burning,
and the resulting steam are shown as flow rate,
temperature, and operating pressure, as well as the
boiler blowing rate.

Steam
Flow rate = 20 ton/h
Pressure = 7 Bar
Temperature = 300 °C

1

Natural Steam Plant Combustion
Gas Capacity Gases
Flow rate = (80%) Air Fuel
200mh ™| (25towhx80% [ Ratio=1:13
=20 ton/h) Flow rate =
10 000 tan/h
Blowdown

Flow rate = 0.6 m’/h
Temperature =120 °C

Fig. 2 Mass Balance of Chemical Plant Boiler
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2.1.3 Improvement of Thermal Energy Efficiency
Based on the actual collected data of thermal and

electric energy consumptions at the sugarcane plants;
energy audits are conducted to evaluate the efficiency
of the equipment process system and all processes that
use energy. The EAP included all the energy sources
that operating the facility. It includes: (i) identify the
energy flow for each fuel used, (ii) quantify the energy
flow into separate functions, (iii) evaluating the
efficiency of each function, (iv) identifying energy and
cost savings opportunities. A detailed analyses of
energy consumption and losses have been carried out
after identifying the equipment’s that consumed major

energy rates. All the possible methods to improve the
boiler efficiency and to achieve maximum benefits
from the energy recovery system to minimize the heat
losses are presented in Fig. (3) as one of the typical
industrial boilers from the previous studied cases in
sugarcane companies. This study is mainly focused on
the preheating of feed water prior passing to the boiler
via a steam dairator and boiler blowdown energies. A
boiler energy balance is studied in case of using
specific steam dairator, blowdown energy, both steam
dairator and blowdown energies; respectively.

Steam 300 °C

Th 1
Flue gases 1200 °C 1 ermat process

Steam 900 °C

Super heater

|
1
: ___ Economizer | __gi.
| - 400 °C
| Boiler
150 °C
S L N R St Heat
| Fuelin C exchanger
Il I Hot Airin
| ' =
| T
I 1
I Blow down 120 °C
7 = o . -
1 Water in 24 °C l 1 Hot water in T
| = : L -
: . . T :
. = — Ty
1 Dairator H Shell and tube heat :
- — - = exchanger 1
\ 1 \ ) .
# 60 °C
Recent Rout = == == First Scenario  <++---" Second Scenario

Fig. 3 Energy balance of the distillation plant of industrial boiler with proposed scenarios

Making energy balance of the steam dairator, the feed
water temperature can be estimated as per the
following equations:

Mgy hg = (mfwi + msd)pr (wao - wai) (1
Mgq hg + (mfwi + msd)pr (wai)

= (mfwi + msd)pr (wao) )
Trwo = Troi + —2210 3
fwo = “fwi + (mfwi"'msd)cpw ( )
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Making energy balance of the steam blowdown heat
exchanger, the feed water temperature can be
estimated as per the following equations:

Mpai (hpai — pao) = (mfwi)pr (wao - wai)
“)

= 1 Mbdi (hpdi—hbdo)
wao - Tle + (mfwi)cpw (5)
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2.2 Electric Energy Data Collection
All the consumed electricity by different sections in
the company were estimated to be 164 MWh 24 MWh
(about 15.7%) is consumed by the wastewater
treatment plant and the other consumed electricity
distribute as shown in the next tables.

Table 1. Distribution of consumed electricity in
different operation sections of distillation plant

Location Consumed power | Percentage
MW)

Distillation unit 0.84 13 %
Vinegar 0.98 15.4%
Acetic Acid 0.252 3.9%
COz 0.14 2.2%
Dryers 0.056 0.86%
Vinas 0.084 1.3%
Boilers 0.392 6%
Luminescent 0.056 0.86%
All consumed 2.8
power

Table 2. Distribution of consumed electricity in
different operation sections of the chemical plant

Location Consumed | Percentage
power
MW)
Fresh yeast 1.45 22.4 %
Dry yeast 0.20 3%
Sulfates 0.20 3%
Oxygen 0.15 2.3%
Alcohol 0.15 2.3%
Distillation & 0.10 1.5%
esterification
Adhesives 0.05 0.7%
Luminescent 0.05 0.7%
Central workshop 0.084 1.3%
All consumed power 2.55

2.3 Electricity produced by solar energy
Based on the daily solar radiation average of about 6
kWh/m?/day and on-grid photovoltaic solar system the
size [15] of the PV system in Wp for the peak load of
energy can be defined as mentioned [16,17]:

EL

APV =
H XnPV X Ny X T,

(6)

Considering, the photovoltaic efficiency nPV =0.20,
the inverter efficiency = 0.90, the temperature
correction factor = 0.90, the photovoltaic modules area
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was estimated as 185 m? The power of the
photovoltaic modules can be estimated using the
following equation

Pyy = Apy X Hsc X1py (7)
Where,

Apv = total area of photovoltaic requirement (m?).

H = daily global irradiation (Wh/m%/d).

Hsc = Standard solar irradiation, 1,000 W/m?.

The total available area which can be used to install
PV system was estimated to be 9000 m?.

3- Results and Discussion
3-1 Thermal Energy Efficiency Improvement

3.1 .1 Effect of using steam dairator only

The study has been carried out using several steam
dairator with mixing ratios starting from 0.0% i.e.,
without using steam dairator, up to 10.0 % with
increment of 1.0 %. Consequently, eleven calculation
runs are made for several steam dairator with the same
1:10 mixing ratios. The following parameters were
estimated; feed water outlet temperature, steam
dairator flow rates, thermal energy feeding the steam
dairator, percentage of energy saving, percentage of
efficiency improving, amount of fuel saving, and
percentage of fuel respectively. The
temperature’s variation of feeding water outlets and
dairator steam flow rates values comparable at
different percentage of dairator steam flow rates is
shown in Fig. 4. It was found also that as the
percentage of dairator steam flow rates increased, the
feed water outlet temperature was increased due to

saving;

increasing the inlet steam thermal energy to the steam
dairator. Consequently, it was clear also that as the
percentage of dairator steam flow rates increased, the
estimated values of the dairator steam flow rates were
increased too. Moreover, the variation of steam
dairator thermal energy input, kW and feed water flow
rates values with different percentage of dairator steam
flow rates is shown in Fig. 5. It was found that as the
percentage of dairator steam flow rates increased, the
feed water flow rates were also decreased. It is clear
also that as the percentage of dairator steam flow rates
increased, the thermal energy input, kW is increased.

A remarkable finding is shown in Fig. 6, where the
recommended percentage of dairator steam flow rates
is about 6%. At this percentage; the feed water outlet
temperature, the dairator steam flow rate, steam
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dairator thermal energy input, and feed water flow rate
was estimated as 63°C, 0.56 kg/s, 1550 kW, 8.84 kg/s,

respectively.

100 1.0
% 90 Dairator water out, oC 0.9 -
2 80 0.8 &
£ 70 07 &
Q. -
g 60 0.6 %
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3 50 0.5 =
2 40 04 3
8 30 03 5
s g
- 20 0.2 S
S 10 0.1

0 L 0.0

Percentage of dairator steam flow rate, %

Fig. 4 Variation of feed water outlet temperature and
dairator steam flow rates values with different
percentages of dairator steam flow rates
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Fig. 5 Variation of steam dairator thermal energy
input, kW and feed water flow rates values with
different percentages of dairator steam flow rates

The amount of fuel saving flow rates with different
percentages of dairator steam flow rates is represented
in Fig. 6. It was found that as the amount of fuel saving
flow rates increased with increasing the percentages of
the dairator steam flow rates. At the percentage of
dairator steam flow rates equals to 6%, an amount of
fuel saving flow rate of 189.49 m*h was achieved.
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Figure 6 shows the variation in the percentage of fuel
saving with different percentages of dairator steam
flow rates.

Amount of Fuel Saving Flow rate, m’/h

22.69
70.35
94.18
118.00
165.66
189.49
213.31
259.83
283.66
307.49

o
<
=

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
Percentage of dairator steam flow rate, %

Fig. 6 Amount of fuel saving flow rates with different
percentages of dairator steam flow rates

It is found that the percentage of fuel saving increased

with increasing the percentages of the dairator steam
flow rates. At the percentage of dairator steam flow
rates equal to 6%, an amount of fuel saving flow rate
of 6.32 % is achieved.
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Fig. 7 Variation in fuel percentage saving with
different percentage of dairator steam flow rates

The variation of the percentage of efficiency
improvement with different percentages of dairator
steam flow rates is shown in Fig. 8. It was found that
the percentage of efficiency improvement increased
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with increasing the percentages of the dairator steam
flow rates. At the percentage of dairator steam flow
rates equal to 6%, an amount of efficiency
improvement of 5.1 % is achieved.

%age Efficiency improvement

5.74%
6.99%
7.63%
8.27%

4.46%

[ 5,109,

s 1.89%
2 53%

=
SN
~
—
on

0.00%
= 0.61%

“

QQ\Q \00 (_ﬁ\e ng\e b?\o c)Q\D ‘OQ\Q (\g\e Cbe\Q qg\b \QQ\Q

Percentage of Dairator Steam Flow Rate, %

Fig. 8 Variation of the improvement percentage
efficiency with different percentage of dairator steam
flow rates

3.1.2  Effect of using boiler blowdown heat
exchanger only

The study has been carried out at several steam blow-
down with mixing ratios starting from 0.0 to 10.0 %
with increment of 1%. Eleven calculation runs have
been carried out at several steam blowdown heat
exchanger at mixing ratios 0.0:10.0 %. The following
parameters are estimated; the feed water outlet
temperature, steam blowdown heat exchanger flow
rates, thermal energy feeding the steam blowdown
heat exchanger, the percentage of energy saving, the
percentage of efficiency improving, amount of fuel
saving, and percentage of fuel saving, respectively.
The variation of feed water outlet temperature and
blowdown flow rates values with different percentages
of boiler blowdown is shown in Fig. 9. It was found
that as the percentage of boiler blowdown increased,
the feed water outlet temperature is increased due to
increasing the inlet blowdown thermal energy to the
heat exchanger. It is cleared also that as the percentage
of boiler blowdown increased, the estimated values of
the blowdown flow rates is increased. At the
percentage of blowdown equal to 6%, the feed water
outlet temperature, the blowdown flow rate was
estimated as 59°C, 0.56 kg/s respectively. These
results agree with a lot of obtained results which
indicated that, most of energy losses occurs in boiler
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and energy loses can be minimized by using the steam
blowdown [18,19]. The variation of the percentage of
energy saving with different percentages of blowdown
flow rates as shown in Fig. 10. It was found that the
percentage of energy saving increased with increasing
the percentages of the blowdown flow rates. At the
percentage of blowdown flow rate equal 6%, the
percentage of energy saving of 5.52%, is achieved.
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0 0.0
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Percentage of Boiler Blowdown , %

Fig. 9 Variation of feed water outlet temperature and
blowdown flow rates values with different
percentages of percentage of boiler blowdown
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Fig. 10 Variation of the percentage of energy saving
with different percentages of blowdown flow rates
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The amount of fuel flow rates and fuel saving
percentage with different percentages of blowdown
flow rates is shown in Fig. (11). It was found that as
the percentages of blowdown increased, the amount of
fuel flow rates was decreased and the percentage of
fuel saving is increased. At the percentage of
blowdown equal 6%, the fuel flow rate is estimated as
2834 m’/h which means saving and amount of 166
m’/h from the ordinary fuel flow rate (3000 m’/h)
which is corresponding to 5.52 % fuel saving.

3050 _ 10%
== Amount of Fuel Saving .
A 3000 |~ %age of Fuel Saving® [ 9% S
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2650 L 2% %
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2550 L 0%
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Percentage of Boiler Blowdown, %

Fig. 11 Amount of fuel flow rates and fuel saving
percentage with different percentages of blowdown
flow rates
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Fig. 12 Variation of the percentage of efficiency
improvement with different percentages of blowdown
flow rates
The variation of the percentage of efficiency
improvement with different percentages of blowdown
flow rates is shown in Fig. (13). It is found that the
percentage of efficiency improvement increased with
increasing the percentages of the blowdown flow rates.
At the percentage of blowdown flow rates equal to 6%,
an amount of efficiency improvement of 5.52 % is
achieved

3.1.3  Effect of using Boiler blowdown heat
exchanger and steam dairator

The third scenario is to study the effect of using several
percentages of blowdown heat exchanger and steam
dairator flow rates from 0% (without using steam
blowdown and dairator) to 10 % with increment of 1%.
The energy balance of the boiler, steam dairator and
steam blowdown is shown in Fig. (13).

Steam
T, =300"C
Steam Boiler !
mg, h,
T =300 C
Steam Blowdown
my;, h o
T, =120 C
My, , hy
F t
ced W(? er Feed Water
Feed Water T =22C -y Shell and N
0 fwo T, =272 C
m = fwo
fwo m =My +my,,;
Mgy + My, Steam Blowtoiown fwn «d fwi

Fig. 13 Energy balance of the steam blowdown heat exchanger
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Making energy balance of the steam blowdown heat
exchanger and steam dairator, the feed water
temperature estimated in equation (3) is considered as
an input feed water temperature in equation (5), then
the outlet feed water temperature of utilizing steam
dairator and blowdown heat exchanger is estimated as
shown in Fig. 14.

It is cleared that the feed water outlet temperatures
from steam dairator and blowdown heat exchanger are
increased with increasing the percentage of steam
dairator and blowdown heat exchanger. At the
percentage of steam dairator and blowdown heat
exchanger flow rates equal to 6%, the feed water outlet
temperature from steam dairator estimated as 63 °C
and when it is entered to the heat exchanger, the output
value of 99 °C was achieved.

160

140
Heat exchanger feed water ou
temperature, oC

Temperature, 0C
— —
B D e} [l S}
(e (e (e [« (e

[\
(=]

== Dairator feed water out temperature, o

(=

Qo\e \o\e (\3\0 r§\° &\0 L§\° ‘oe\o /\e\e 0§\° O?\G\Qe\e

Percentage of dairator and blowdown steam
flow rate, %
Fig. 14 Variation of feed water outlet temperatures
from steam dairator and blowdown heat exchanger

The variation of percentage of energy saving of using
steam dairator and blowdown heat exchanger flow
rates is shown in Fig. (16) It was found that the
percentage of energy saving increased with increasing
the percentages of steam dairator and blowdown heat
exchanger flow rates. At the percentage of steam
dairator and blowdown heat exchanger flow rates
equal 6%, the percentage of energy saving of 22.13%,
is achieved.
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Percentage of dairator and blowdown
steam flow rate, %

Fig. 15 Variation of percentage of energy saving of
using steam dairator and blowdown heat exchanger

The amount of fuel flow rates saving with different
percentages of steam dairator and blowdown heat
exchanger flow rates is shown in Fig. 17. It is found
that the as the percentages of steam dairator and
blowdown heat exchanger flow rates increased, the
amount of fuel flow rates is decreased. At the
percentage of steam dairator and blowdown heat
exchanger flow rates equal 6%, the fuel flow rate is
estimated as 664 m3/h which corresponding to 22.13
% fuel saving.
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Fig. 17 Amount of fuel flow rates saving with
different percentages of steam dairator and blowdown
heat exchanger flow rates
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%age of Efficiency improvement
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Fig. 18 Variation of the percentage of efficiency
improvement with different percentages of steam
dairator and blowdown heat exchanger flow rates

The variation of the percentage of -efficiency
improvement with different percentages of steam
dairator and blowdown heat exchanger flow rates is
shown in Fig. (18) It was found that the percentage of
efficiency improvement increased with increasing the
percentages of the steam dairator and blowdown heat
exchanger flow rates. At the percentage of blowdown
flow rates equal to 6%, an amount of efficiency
improvement of 17.86 % is achieved

3.2 Electric Energy Saving

It is found that the total building’s roof sunny area
equal to 9000 m?. The estimated area can be utilized
by installing on-grid photovoltaic solar system to
produce electricity that connected to the national grid
as shown in figure (19)

DC (PV)
Disconnect

Combiner
Box

Solar Panel Array
DC Breaker

AC Breaker AC Disconnect Panel
Panel
ranel

kWh meter

Inverter

S |

To DC Load

v

Fig. 19 On-grid PV solar energy system
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4. Conclusion
Energy efficiency improving is considered one of the
most important parameters to efficiently working the
industrial boilers. Among the several parameters that
improve the boiler efficiency. The current study is
focused only in the preheating the feed water side prior
entering the boiler via a steam dairator and boiler
blowdown energies. The study implemented using
several flow rates percentages of the steam dairator
and boiler blowdown and focused one the
recommended 6% ratio of steam dairator and boiler
blowdown. Some concluded remarks can be listed
below: -
1- Effect of using steam dairator only
» the feed water outlet temperature, the dairator
steam flow rate, steam dairator thermal energy
input, and feed water flow rate was estimated as
63°C, 0.56 kg/s, 1550 kW, 8.84 kg/s respectively
» The amount of fuel saving flow rate of 189.49
m’/h is achieved which corresponding to 6.32 %
is achieved.
» The amount of efficiency improvement of 5.1 %
is achieved.
Effect of using boiler blowdown heat exchanger
only
» The feed water outlet temperature, the blowdown
flow rate was estimated as 59°C, 0.56 kg/s
respectively.
» The percentage of energy saving of 5.52%, is
achieved.
» The amount of fuel saving flow rate of 166
m’/h is achieved which corresponding to 5.52
% is achieved
» The amount of efficiency improvement of 5.52
% is achieved
3- Effect of using boiler blowdown heat exchanger
and steam dairator
» The feed water outlet temperature from
steam dairator estimated as 63 °C and
when it is entered to the heat exchanger,
the output value of 99 °C was achieved.
» The percentage of energy saving of 22.13%, is
achieved
» The fuel flow rate is estimated as 664 m3/h
which corresponding to 22.13 % fuel saving.
» Amount of efficiency improvement of 17.86
% is achieved.

2

From the electric energy saving point of view, some
concluded remarks can be listed below
» Itis possible to install one MW photovoltaic
solar system on the building’s roof areas that
produce 5 MWh/day electricity to be
connected to the national grid
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» The total electric power of the industrial

plant is estimated as 6.48 MW which is
estimated as 155.5 MWh/day

> Based on the plant available sunny areas, the
solar system can make electric energy saving
by 3.2 % from the total electric energy
consumption. This percent can be increased
based on available land areas or covering the
industrial wastewater treatment plant.
Abbreviations
Apv  Photovoltaic modules Area, m?
Cpow  Specific heat of water, kJ/kg K
EL  Electric Energy Consumed, kWh/day
H  daily global irradiation (Wh/m?/d).
hy Latent heat, kl/kg
Hse Standard solar irradiation, 1,000 W/m?.
h,ys;  Enthalpy of steam blowdown inlet, kJ/kg
hpq,  Enthalpy of steam blowdown outlet, kJ/kg
mpe;  Mass of steam blowdown inlet, kg
my,,;  Mass of feed water inlet, kg
msa  Mass of steam dairator, kg
B,,  Photovoltaic modules Power, kW
T. temperature correction factor
Try;  Feed water inlet temperature, °C
Tryo  Feed water outlet temperature, °C
Ny  inverter efficiency
nPV  photovoltaic efficiency
Funding

This is to declare that the presented article is a research
work activity of the authors’ institute, National
Research Centre, and the paper does not have any
specific funding source.

Conflict of Interest,
“I hereby confirm that I don’t have any conflict of
interest related to the manuscript.”

Acknowledgements

The authors provide a sincere acknowledgement to
National Research Centre for providing the facilities
and good work environment to finalize this study.

References
1. Abdelfattah, I., M.E. Abuarab, E.Mostafa,
M.H. El-Awady, = K.M. Aboelghait, and

A M. El-Shamy, (2023). Integrated system for
recycling and treatment of hazardous
pharmaceutical ~wastewater. International
Journal of Environmental Science and
Technology. 20(4): 4101-4110.

El-Awady, M.H., El-Ghetany, H., Aboelghait,
K.M., Dahaba, A.A. (2019). Zero Liquid

Egypt. J. Chem. 67, No. 4 (2024)

10.

Discharge and Recycling of Paper Mill
Industrial ~ Wastewater  via  Chemical
Treatment and Solar Energy in Egypt. Egypt.
J. Chem. Vol. 62, Special Issue (Part 1), pp. 37
- 45.

Lee, H., Sohn, Y.J., Subeen Jeon, Yang, H.,
Son, J., Kim, Y.J. and Park, S.J. (2023).
Sugarcane wastes as microbial feedstocks: A
review of the biorefinery framework from
resource recovery to production of value-
added products. Bioresource Technology; 376
- 128879.

Vandenberghe, L.P.S., Valladares-Diestra,
K.K., Bittencourt, G.A., Zevallos Torres,
L.A., Vieira, S., Karp, S.G., Sydney, E.B., de
Carvalho, J.C., Thomaz Soccol, V. and
Soccol, C. R. (2022). Beyond sugar and
ethanol: the future of sugarcane biorefineries
in Brazil. Renew. Sustain. Energy Rev. 167,
112721.

Bhatnagar, A., Kesari, K.,K. and Shurpali, N.
(2016). Multidisciplinary approaches to
handling waste in sugar industries. Water, Air,
and Soil Pollution; 227-11.

Raul La.M., D., M., Orbegoso, E.,M. and
Saavedra, R. ( 2016). Heat transfer study on
open heat exchangers used in jaggery
production modules—Computational Fluid
Dynamics simulation and field data
assessment.  Energy  Conversion  and
Management; 125: 107-120.

Rocha, T., F. and Silva, A., M. (2022).
Thermal Evaluation of Shell and Tube Heat
Exchangers in the Sugar Industry: Case
Study. Sugar Tech; 24(2):585-592.

Diakaki C., E. Grigoroudis, and D. Kolokotsa,
(2008). Towards  a  multi-objective
optimization approach for improving energy
efficiency in buildings, 40, 1747-1754.
Ndugi, D.S., Omwando, T. and P.
Familiarization, P. (2015). Energy Audit for A
Steam Plant (Case Study Pyrethrum Factory
in Nakuru, Kenya) International Journal of
Innovative Research in Engineering &
Management; (5): 111-114.

Seberger, Tim, (2022) 15 ways to increase
boiler efficiency,
https://www.rasmech.com/blog/category/boil
er/



https://www.rasmech.com/blog/category/boiler/
https://www.rasmech.com/blog/category/boiler/

ENERGY EFFICIENCY IMPROVEMENT APPROACHES IN A SUGARCANE INDUSTRIAL COMPANY ...

289

11.

12.

13.

14.

15.

16.

17.

18.

19.

Foxon K.M., Loubser R.C., Smith G.T.
Davis, B. and Stolz, H.N.P. (2017). Strategies
for monitoring energy consumption in
sugarcane processing factories. International
Sugar Journal; 119-1417.

Pineda-Sanchez, A. and D. Marcelo-Aldana,
D. (2021) "Mathematical modeling in a
MATLAB environment for a triple effect
evaporation system for the non-centrifugal
sugar production process, IEEE International
Conference on Automation/XXIV Congress
of the Chilean Association of Automatic
Control (ICA-ACCA), Valparaiso, Chilepp.
Gupta, R.D., Ghai, S. and A. Jain, A. (2011).
Energy Efficiency Improvement Strategies for
Industrial Boilers: A Case Study. Journal of
Engineering and Technology. 1(1), 52-56.
Djayanti, S. (2019). Energy Efficiency
Improvement Strategies for Boilers: A Case
Study in  Pharmacy Industry, The
4™ International Conference on Energy,
Environment, Epidemiology and Information
System (ICENIS 2019), E3S Web Conf., 125
- 12002.

Solar on-grid photovoltaic system,
https://www.anerngroup.com/products/on-
grid-solar-system/

Said M. A., Ibrahim, H. El-Ghetany, H. and
Shabak, A. G. M. (2020). Comprehensive
Design Tool for Sizing Solar Water Pumping
System in Egypt, Applied Solar Energy; 56,
18-29.

Okasha, E.M., El-Awady, M.H. and El-
Ghetany, H.H. (2020). Integrated Solar Power
System for Greenhouses Irrigation Using
Treated Surface Mixed Water, Delta, Egypt.
Egypt. J. Chem. 63; 10 :4017 — 4027.
Noroozian, A., Mohammad,i A., Bidi, M. and
Hossein M.(2017). Energy, exergy and
economic analyses of a novel system to
recover waste heat and water in steam power
plants. Energy Convers Manag. 144:351-60.
Chauhan,S. S. and Shabina Khanam, K.
(2019). Enhancement of efficiency for steam
cycle of thermal power plants using process
integration. Energy; 173: 364-373

Egypt. J. Chem. 67, No. 4 (2024)



