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ABSTRACT

The aim of this study is to build a bounded optimized energy recovery
system from the compressed air system’s excess heat. It is important to
concentrate on the use of products that satisfy the requirements for per-
formance and sustainability, as well as the need for energy that will be
optimized. Purposive sampling is used to select the respondents, using
quantitative research, specifically both descriptive and developmental
methods. The researcher utilized a decision support tool developed by
Kolaitis et al.,, (2020) as the primary research instrument of the study.
The adopted tool was slightly modified to suit the assessment needs of
the developed energy utilization system. All the main criteria compo-
nents are interpreted as highly sustainable. The researcher utilized log
sheets to determine the performance of the study. Finally, paired t-test
was used to determine whether there was a significant difference in the
performance of the study. The performance of the optimized energy af-
ter the implementation of the project was statistically higher than the
performance of the optimized energy before the implementation of the
project. The researcher concluded that the performance of the opti-
mized energy recovery system from excess heat of a compressed air sys-
tem after the installation and operation was effective and efficient based
on the ratings of respondents and descriptive measures on the log sheet.
For this kind of innovation, the manufacturing company with the same
equipment should adopt and sustain it for potential energy savings and
protect mother nature.

Keywords: Compressed air, Energy efficiency, Energy recovery, Heat re-
covery, Optimized energy, Waste heat

Introduction
Energy is one of the most

often used lighting, running of household appli-
important and ances, serving a variety of industries, and in

necessary needs of every person especially in  other means of transforming electrical energy.
the age of globalization and modernization. Itis There would have been no technology
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developments and life, in general, would have
remained the same if the theory of electrical en-
ergy and the method of making it had not
arisen.

Nevertheless, Dincer and Rosen (2021) pre-
sented a novel optimization of energy systems
that explains the thermodynamic modeling,
analysis, and optimization of several types of
energy systems in a variety of applications. The
optimization of energy recovery systems from
excess heat of a compressed air system will
bring a wider knowledge of the system and the
process of identifying adequate safety func-
tions. This is vital for determining the most ap-
propriate design parameters for increased reli-
ability, functionality, and applicability. Further-
more, Mahmoud (2019) believes that the issues
of waste of energy and human needs have ad-
vanced, resulting in environmental problems
and economic growth. Hence, the private enti-
ties had to do some updating and upgrading in
terms of the optimization of its energy system.

Coal is the Philippines' primary source of
energy. Coal-fired power stations, as sources of
non-renewable energy, emit greenhouse gases,
having a direct impact on global warming. Re-
sulting in decreased water supplies because of
global warming, the power generation capacity
of renewable energy sources such as hydroe-
lectric power plants become limited. The dras-
tic solution to this problem is the adoption of
the use of renewable energy at home and the
optimization of energy in the industry.

Likewise, the most common energy source
for industrial compressed air production is
electricity. The entire cost of the installation is
clearly dominated by energy expenses. As a re-
sult, it is essential to concentrate on imple-
menting products that fit the requirements for
performance and sustainability, as well as the
needs for energy that will be optimized (Atlas
Copco 2015).

According to the Department of Energy's
2019 Power Condition Survey, the Luzon grid
experienced 46 Yellow Warnings and 16 Red
Alerts in 2019. These were mostly caused by
high demand, which was exacerbated by the
moderate El Nifio weather pattern. This raised
the demand and reduced the usable capacity of
hydroelectric power plants in the grid during
the summer months. However, this would

influence the country's economy due to a lack
of energy capacity. Along with its significant ef-
fects on the environment and the economy, the
appropriate approach to using resources effi-
ciently and effectively is a very critical process
in terms of energy optimization. In the area of
electrical technology, innovation plays a major
role as private entities, to be specific, are con-
suming energy in several ways.

There is relevant provision in the Energy
Efficiency and Conservation Act, also known as
Republic Act 11285, Rule VI. Energy End Users,
Section 32. The role was used as a guide in the
development of an optimized energy recovery
system from the excess heat of a compressed
air system. It states that:

“All energy end users, including the
end users defined under Republic Act No.
9513, otherwise known as the Renewable
Energy Act of 2008, shall use every availa-
ble energy resource efficiently and pro-
mote the development and utilization of
new and alternative energy efficient tech-
nologies and systems, including renewable
energy technologies and systems across
sectors in compliance with the declared
policies of the Act.”

The Act promotes the development and uti-
lization of alternative energy-efficient technol-
ogies, energy optimization, and conservation of
energy, which provide the need for energy re-
covery and significant environmental guidance
in the undertaking of this study. It is reassuring
that when it comes to environmental protec-
tion and resource preservation, private enti-
ties, as end users, have a major role to play.

Any establishment that utilizes hot water,
steam boilers, and compressed air systems, es-
pecially industries and manufacturing compa-
nies, may benefit from this study. And, where
the proponent is presently connected with the
same equipment, and it has promoted energy
conservation as the centerpiece of its continu-
ous improvements and innovations. In fact, the
output of the study may be included in the in-
novation program of any company, where the
current practices may be in consonance with
the thrust of the study. Such companies must
comply with and sustain an energy
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management program since the Department of
Energy (DOE) has the authority to inspect the
establishments, as specified in Section 33 of the
Republic Act 11285:

“The DOE shall monitor all energy end
users' compliance with the relevant stand-
ards and requirements under Chapters of
the Act, as well as the EEC-IRR. The DOE,
through Energy Utilization Management
Bureau (EUMB), shall have the authority
to visit energy end users to inspect energy-
consuming facilities, and evaluate energy
management.”

The DOE is working to ensure that energy is
well managed for its optimum use that utilizes
equipment and technology efficiently in terms
of energy recovery systems. A keen analysis
was conducted to ensure that a company's en-
ergy supplies will be optimized in terms of heat
waste recovery from compressed air. This is
based on the government's policy declaration
that is necessary to be complied accordingly.

The provision relevantly reiterates the im-
portance of this study since it concentrates on
increasing the outlet temperature of the water
supply before it reaches the feed-water tank of
a steam boiler, using excess heat from an air
compressor to optimize the energy recovery
system while supplying additional heat trans-
fer. Growth will be attributed to the constant
flow and heat transfer of water, with a direct ef-
fect on the cooling system. Thus, this study may
also serve as a reinforcement to the cooling
tower.

On the other hand, failing to utilize the
waste heat energy properly will lead to high op-
erational costs and, as an inevitable fact of life,
energy prices will continue to rise. In this age
that is dominated by industries, factories, and
manufacturing companies around the world, it
is vital that energy will be used sparingly and
efficiently as possible for the sake of both the
economy and the environment.

Therefore, recovering the heat energy will
have a large impact on the industry in terms of
energy-saving initiatives. The pipe and heat ex-
changers can be used as heat recovery systems
by analyzing the appropriate information by
designing the pipe layout and electrical control

system to maximize the recovery of heat energy
study. Furthermore, it is a thermodynamic fact
that approximately 10% of the electricity con-
sumed in the industry accounts for the use of an
air compressor for manufacturing processes,
with the remaining energy converted into
waste heat. Heat energy released by com-
pressed air systems can be addressed naturally
by using cooling fans, but with an additional
cost. However, some processes in the factory
can use power to generate heat for hot water
processes and heating applications. This latter
principle serves the purpose of this study.

The proponent investigated the process of
recovering waste heat to conserve energy and
minimize carbon dioxide emissions in the com-
pany's operations through this research. The
study implemented a modification in the con-
trol system and piping layout to achieve the de-
sired result by interconnecting the constituent
components. Spare parts such as electrical,
electronic, and instrumentation devices were
also used. The researcher pursued this present
investigation to contribute to the body of
knowledge, particularly in waste heat recovery
systems.

Relevant Theory and Related Literature

Innovation is the conversion of a concept
into something useful to produce new things or
its development as used in the optimization of
energy recovery systems. The theory seeks to
describe users' intent to utilize an information
system as well as eventual use behavior. In a
private company like Froneri Philippines, pas-
sion for excellence is one of the core values.

Acceptance behavior, on the other hand, ex-
plains many other variables such as user satis-
faction and user involvement. These are vital to
provide an overall theory in order to explain ac-
ceptance behavior and system implementation
success of the unified theory of acceptance and
use of technology. Following that, the attempt
to establish a relationship between this theory
and personal innovativeness and user involve-
ment as antecedents by presenting certain ar-
guments (Williams et al. 2015). Therefore, by
combining these ideas that describe technology
use behavior in this research will be substantial
in terms of energy efficiency.
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In this case, the researcher's firm was opti-
mizing energy recovery systems from excess
heat of compressed air systems as in line with
the company's core values. According to
Sengupta et al,, (2014), the economic theory of
innovation focuses on the technological com-
ponent and its implications for economic
growth. The business paradigm has shifted
drastically in today's world due to advances in
technology and the understanding of new con-
cepts.

Dincer and Rosen (2021) presented a novel
optimization of energy systems that explains in
detail the thermodynamic modeling, analysis,
and optimization of several types of energy sys-
tem. Luo et al. (2017) support that a novel heat
recovery device has been developed to recu-
perate the heat that is removed from the sur-
face of equipment. This study would reduce
carbon dioxide emissions and avoid global
warming.

When an inventor knows nature's rules, he
can make greater use of them. Deeper under-
standing may lead to new ideas that might not
be apparent at first glance. For example, ther-
modynamics' fundamental law must be re-
vealed in the field of applications to appreciate
its functions. After that, the person who experi-
ences these fresh concepts and convincing ar-
guments will emerge. New information will be
created and enhanced in performance. It would
result in innovation (Struchtrup, 2014).

Energy recovery is an instrument to im-
prove fuel consumption in thermal engines
(Sciubba et al., 2016). All the energy provided
to a compressor system is transformed into
heat. The better the system's efficiency, the
more energy may be recovered and used in
other operations. Energy recovery is simple to
implement with standard oil-free compressors.
This air compressor is excellent for use in a hot
water heating system as it maintains the appro-
priate temperature for effective energy recov-
ery (Atlas Copco, 2015).

According to Pesiridis (2014), the issue of
fuel economy and pollution reduction has a
timely impact on both diesel and gasoline en-
gines regarding emission management and ex-
haust energy recovery. Xu et al. (2019) assume
that the waste heat recovery applications in au-
tomotive, as well as residential and industrial

zones, are highlighted. According to studies,
optimizing heat recovery systems results in
considerable energy savings. Moreover,
Jouhara et al. (2018) postulated that industrial
waste heat is energy created in industrial oper-
ations that are not used and are lost, squan-
dered, or thrown into the environment. Various
waste heat recovery systems may be used to
collect waste heat and provide important en-
ergy sources while reducing total energy usage.

Warnes (2017) states that the electrical and
mechanical system or unit must first be con-
nected to an electrical circuit and mechanical
modification before it can be used. In addition,
Irwin and Nelms (2020) propounded that cir-
cuit analysis expertise can only be attained via
practice. Also, complex devices can be modeled
by basic components that, when assembled
into the correct circuit, can be evaluated, and
thereby predict the machine's behavior. As a
result, circuits are at the heart of every analysis
of electrical and mechanical technology. The re-
search begins by describing basic circuit com-
ponents, then integrating them into electrical
circuits and mechanical modifications for study
using a variety of laws and theorems.

Luo et al. (2017) presented a novel heat re-
covery device developed to recuperate the heat
that is removed from the surface of the equip-
ment. The provision of the development of such
a study from waste heat is to recover and reuse
that energy, as this study would reduce carbon
dioxide emissions and avoid global warming.
In another study, Sandre-Hernadez et al
(2017) supported the solution in optimizing
the performance of industrial processes by
means of continuous improvement in the de-
sign and method used in the development of a
waste heat recovery system in order to in-
crease its energy efficiency. Since then, these
studies have been hypothesized, implemented,
and tested using the Model Predictive Control
MPC in a laboratory-based prototype to deter-
mine the performance and accuracy in terms of
energy savings.

Meanwhile, Cai et al. (2019) assumed that
the energy-saving and emission-reduction
(ESER) plan is a critical approach for increasing
manufacturing industry sustainability in the
green transition. This study presents a novel
concept called lean energy-saving and
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emission-reduction (LESER) and a strategy to
efficiently enhance energy efficiency and re-
duce waste emissions by analyzing current
practices and limits of ESER in the manufactur-
ing industry. In addition, Gao et al. (2017) sup-
ports that the individual energy-saving behav-
iors at the workplace are significant for reduc-
ing energy usage and carbon emissions. A man-
ufacturing philosophy is primarily concerned
with reducing waste. Nowadays, various manu-
facturing industries must keep pace with all
new technologies, innovations, and equipment
to compete successfully and efficiently in the
worldwide economy (Nallusamy et al., 2015).

On the other hand, Sapingai (2017) states
that the nature of the information requested as
well as the manner of entry are carefully cho-
sen and is called the data collection log sheet. A
data collection log sheet is a structured form
that must be filled out with certain details.
Moreover, Lawson (2014) pointed out that the
method of sampling and collecting data param-
eters is reliable for monitoring the system of
several pieces of equipment in running condi-
tions that will be determined in the operational
log sheet. The parameters of machinery will
also be measured with the use of the aforesaid
log sheets.

The quantitative method answers research
problems by using numbers, quantity, and sta-
tistics. It entails measuring and quantifying
abilities, efficiency, points of expertise, apti-
tude, and commitment. The gathered infor-
mation is then examined with statistical tech-
niques, and the results are utilized to generate
study findings (Roever and Phakiti 2017).
However, the utilization of statistical tech-
niques and how quantitative research results
are conveyed leaves much to be desired. In con-
trast, Kothari (2020) states that the importance
of research is determined by its quality rather
than its inquisitiveness. Those involved in re-
search must pay close attention to creating and
sticking to a suitable approach. It is envisaged
that this modest effort may aid in the comple-
tion of exploratory and result-oriented re-
search investigations.

Statement of the Problem
The general problem of the study is: How
may an optimized energy recovery system

from excess heat of a compressed air system be

developed and evaluated? Specifically, this

study sought answers to the following ques-
tions:

» How may an energy recovery system from
the excess heat of a compressed air system
be developed?

» How may the level of sustainability of the
optimized energy recovery system be eval-
uated in terms of applications; safety; func-
tionality; environmental impact; indus-
try/company approval; and financial re-
quirements?

» What is the performance of the system be-
fore and after the installation and operation
of the equipment based on the optimized
energy?

» Is there a significant difference in the per-
formance of the optimized energy recovery
system before and after the implementa-
tion of the project?

Hypothesis of the Study
From the problem stated, the following hy-

potheses were formulated:

» Ho1l: There is no significant difference in
the performance of the optimized energy
recovery system before and after the instal-
lation and operation of the equipment.

» Hal: There is a significant difference in the
performance of the optimized energy re-
covery system before and after the installa-
tion and operation of the equipment.

Assumption of the Study
The following assumptions guided the re-

searcher in correctly drawing conclusions from

the analysis of the results:

» Energy recovery system can be optimized
from compressed air system’s excess heat.
Specifically, reducing the steam injection
for preheating of the feed water tank will
have a direct impact on reducing fuel con-
sumption as the fuel was utilized to pro-
duce steam.

» The optimum technology regarding energy
utilization system can be best assessed by a
support tool consisting of the following cri-
teria: application, safety, functionality, en-
vironmental impact, industry / company
approval and financial requirements.
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The effectiveness of the developed opti-
mized energy recovery system can be deter-
mined if a significant difference in the perfor-
mance of the equipment is detected before and
after its installation and operation using the op-
timized energy as parameter.

Methodology

The study utilized the quantitative method
of research where numbers, quantification, and
statistics are used to solve research challenges.
It comprises assessing and measuring skills, ef-
fectiveness, areas of competence, ability, and
dedication. Here, the data obtained is then ana-
lyzed statistically, and the outcomes are used to
develop scientific studies. As presented in this
study, quantitative methods are analytical,
mathematical, and computing tools that help
researchers solve a wide range of problems, no-
tably those in private enterprises. Moreover,
both the descriptive and developmental re-
search methods were also used in this study. In
using the developmental and descriptive re-
search methods, the researcher seeks to de-
velop and evaluate the optimization of an en-
ergy recovery system from excess heat of a
compressed air system. Development is the act
of revealing what is uncertain; a progressive
development process in which everything will
be constructed, such as a plan or technique. De-
scriptive, on the other hand, are represented by
information resources or descriptions.

The study was conducted at the Bulacan
State University-Main Campus with selected
faculty experts in Electrical Technology and
company experts from Froneri Philippines, In-
corporated, where the study was implemented.
The participants in the study consisted of five
(5) management staff, seven (7) associates, and
eight (8) instructors in electrical technology.
The respondents were purposively selected
considering the expertise to evaluate the devel-
oped system of the study. The following attrib-
utes characterized the respondents: (a) the fac-
ulty experts; minimum of five years of experi-
ence in their field of specialization, experts in
the field of industrial technology and graduates
of either master's or doctoral degree; and (b)
company experts; bachelor’s degree holder and
licensed electrical technology or mechanical

engineering. The survey respondents were
asked to respond to an evaluation form that de-
fines the sustainability of the energy recovery
system that was developed and optimized. The
responses consisted of the data that were used
in the last section of the report for data pro-
cessing. The adopted and modified evaluation
tool were sent to each respondent. The re-
searcher also utilized log sheets to determine
the performance of the energy recovery system
in terms of the operational parameters such as
outlet temperature, pressure differential, and
optimized energy, as these would serve as the
indicating factors for future references of the
study.

The researcher utilized a decision support
tool developed by Kolaitis et al. (2020) as the
primary research instrument of the study. The
adopted tool was slightly modified to suit the
assessment needs of the developed energy uti-
lization system. The slightly modified evalua-
tion tool was content validated by two (2) fac-
ulty experts unrelated to the study and two (2)
company experts unrelated to the project. The
specific criteria adopted in the selection proce-
dure have been selected to highlight the contri-
bution of each proposed technology based on
the concept of sustainability. As previously
mentioned, the set of factors to be used in the
evaluation of the innovation consists of the fol-
lowing: applications; safety; functionality; envi-
ronmental impact; industry approval; and fi-
nancial requirements.

The Optimized Energy Recovery System
from Excess Heat of a Compressed Air System
was evaluated quantitatively. The data that
were collected for the study were processed
statistically to produce the desired outcome.Iln
rating and assessing the level of sustainability
of the Optimization of Energy Recovery System
from Excess Heat of a Compressed Air System,
the weighted average of each factor was com-
puted and interpreted using the five-point Lik-
ert scale developed for the purpose. Finally, a
paired sample t-test was used to determine
whether there is a significant difference in the
performance of the optimized energy recovery
system before and after the implementation of
the project.
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Results and Discussion

For better understanding and interpreta-
tion of the data, the results are presented part
by part based on the statement of the problem
presented in Chapter L.

Development of the Optimized Energy Re-
covery System from Excess Heat of a Com-
pressed Air System

The development of the system begins by
describing basic circuit components, then inte-
grating them into electrical circuits and me-
chanical modifications by using circuit analy-
sis.

Circuit Analysis. Warnes (2013) states that
the electrical and mechanical system or unit
must first be connected to an electrical

DN100 DN10O

circuit and mechanical modification before it
can be used. Furthermore, Irwin and Nelms
(2020) propounded that circuit analysis exper-
tise can only be attained via practice. Also, com-
plex devices can be modeled by basic compo-
nents that, when assembled into the correct cir-
cuit, can be evaluated, and thereby predict the
machine's behavior. As a result, circuits are at
the heart of every analysis of electrical and me-
chanical technology.

Piping and Instrumentation Diagrams (P
& ID) are essential for maintaining and modify-
ing the processes that they graphically de-
scribe. During the design stage, the diagram
also serves as the foundation for the study's de-
velopment as illustrated in Figure 1.
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Figure 1. Piping and Instrumentation Diagram P&ID

The Mechanical Scope of Work. The third-
party contractor provides the labor and mate-
rials necessary to install pipes and fittings lo-
cally and easily in accordance with the Piping

and Instrumentation Diagram (P & ID) as
above-mentioned. Figure 2 depicts the pipe-
work and fittings as they were before the alter-
ation.
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Figure 2. Installed Piping and Fittings before the Modification

Figure 3 displays the installation of pipes and fittings following the alteration.

Figure 3. Installation of Pipes and Fittings after the Modification

Electrical ladder diagrams are specialized Firstly, in Figure 4, the level controller con-
schematics used to depict industrial control tactis shown as the signal in control relay main
logic systems. The level controller is presented  (KO) connected to 220 Volts of Alternating Cur-
in Figure 4. The power supply is shown in Fig-  rent. This wiring connection will be responsible
ure 5 and the automated refilling-recirculating for the sequence operations of recirculating
with off-time delay is shown in Figure 6. These  and refilling water before it enters the feed wa-
are utilized in the research's development. ter tank.

LEVEL COMTROLLER ACQUIRING OF ZZ20VAC CONTROL RELAY

N Ko
& 2,
GYC)—EAW—.‘-E—QE—O 220 VAC
LcC

LEGEMD

LCC = LEWEL CONTROLLER COMTACT
c - COMMON

NG = NORMALLY CLOSED COMTACT
NO = NORMALLY OPEMED CONTACT
KO = CONTROL RELAY MWAIN

Ay = TEREMIMAL 1 FOR COIL OF KO
Ay = TERMIMAL 2 FOR COIL OF KO

Figure 4. Ladder Diagram of the Level Controller

Secondly, in Figure 5, the full wave; bridge- connected to an input of 440 Volts of Alternat-
type connection is shown as the power supply ing Current; a 5 Ampacity Double Pole, Double
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Throw (DPDT) Circuit Breaker in the primary
coil of a step-down transformer with an output
of 24 Volts of Alternating Current in the
secondary coil connected to the bridge-type
connection of four (4) diodes with two (2)

electrolytic capacitors connected in series and
parallel connections with the resistor (R1) in
order to produce an output of 24 Volts of Direct
Current; Full Wave Power Supply.

24 VDC FULL WAVE, BRIDGE—TYPE POWER SUPPLY DIAGRAM
24 VDC

IMPUT: 440 VAC ; OQUTPUT :

DPDT = DOUBLE POLE ;
CIRCINT BREAKER

DIODE 2, Da

TERMINAL 1 PRIMARY TRAMSFORMER
TERMINAL 2 PRIMARY TRANSFORMER
TERMINAL 1 SECOMDARY TRAMSFORMER
TERMINAL 2 SECONMDARY TRANSFORMER

DOUBLE THROW

DIODES, D4 =DI00E 4

Dy = DIDDE 1, D2 =
Cy = CAPACITOR 1, Cp CAPACOITOR 2
R, - RESISTOR 1

Figure 5. Ladder Diagram of the Power Supply

This power supply will be responsible for
reducing the voltage for safety purposes to uti-
lize low-voltage equipment.

Thirdly, in Figure 6, the automatic refilling
of the feed water tank and recirculating of

AUTOMATIC REFILLING OF FEED—WATER TAMK &
OF 2 SOLENOID VALVES W,/ OFF TIME DELAY

[ 24 VDT SUPPLY +
SPST Bga ca
THE Ka L
2 Ay E-ﬂe
KN O,
Ta
e P T
L SSEC
LA KyhOy
I"F == E—t—l H
KTy HehOa
y
| 1
Kz
KaMO,
Tz
j,la KI o Eu:wsEc
z Oz KNy

| -
11 jh‘l I
KNy Sova™

water by means of two (2) solenoid valves with
an off-time delay is shown as the main electri-
cal interlocking system to optimize energy re-
covery system from excess heat of a com-
pressed air system.

RE=CIRCULATING BY MEANS

Sg¥y = SOLENCID OPERATED WALVE

CONTROL RELAY 1
CONTROL RELAY 2
CONTROL TIMER 1
CONTROL TIMER 2

1 (FILLING}

So¥e = SOLENOID OPERATED WalLVE 2 (CIRCULATING)

KOy - AUXILIARY CONTACT 1 NORMALLY OPEN (MO}
KN, = AUMILIARY COMTACT 2 NORMALLY OFEN (NO)
KOy = AUMILIARY CONMTACT 3 NO

KO, = AUXILIARY CONTACT 4 NO POSITIVE SIDE

K yND, = AUMILIARY COMTACT 1 NO

K aND, = AUMILIARY COMTACT 2 NO

KaNO, - AUMILIARY COMTACT 3 NO

KaNOy, - AUMILIARY COMTACT 4 NO POSITIVE SIDE

KgMNOy = AUMILIARY CONTACT 1 NO RELAY MAIN

K gNCy = AILIARY COMTACT 1 NORMALLY CLOSED

KgNC5 = AUMILIARY COMTACT 2 NORMALLY CLOSED

K gNO, - AUMILIARY COMTACT 2 NORMALLY OFEN

TG, = AUMILIARY CONMTACT 1 MORMALLY CLOSED TIMER 1
TaNG, AMILIARY COMTACT 1 MORMALLY CLOSED TIMER 2
ce - CIRCUIT BREAKER POSITIWE MAIN 5A CAPACITY
SPST = SINGLE POLE SINGLE THROW

Figure 6. Automatic Refilling and Recirculating with Delay Timer Ladder Diagram

Automatic Refilling of Feedwater Tank
Interlocking System. The positive supply of
the main circuit is connected to a 5 Ampacity
Single Pole, Single Throw (SPST) Circuit
Breaker as thermal overload protection. The

negative power supply is connected to the
normally closed contact 1 of control timer 1
(T1INC1), which is connected in series to the
normally open contact 1 of control relay main
(KONO1) and in parallel connected to control
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relay 1's normally open contact 1 (K1NO1) asa
holding coil connected to negative coil A1 and
coil A2 to the positive supply of control relay 1
(K1). The negative power supply is connected
to the normally closed contact 1 of control relay
main (KONC1), which is connected to the nor-
mally open contact 2 of control relay 1,
(K1NO2), which is connected to negative coil
A1 and coil A2 to the positive supply of Timer 1
(T1). Timer 1 (T1) Off Delay is set to 5 seconds.
The negative power supply is connected to con-
trol relay 1’s normally open contact 3 (K1NO3),
which is connected to negative coil A1, and coil
A2 is connected to control relay 1's normally
open contact 4 (K1NO4) to the positive supply
of solenoid operated valve 1 (SoV1).
Automatic Recirculating Water Interlock-
ing System. The positive supply of the main cir-
cuit is connected to a 5 Ampacity Single Pole,
Single Throw (SPST) Circuit Breaker as thermal
overload protection. The negative power sup-
ply is connected to the normally closed contact
1 of control timer 2 (T2NC1), which is con-
nected in series to the normally closed contact
2 of control relay main (KONC2) and in parallel
connected to control relay 2's normally open
contact 1 (K2NO1) as a holding coil connected
to negative coil A1l and coil A2 to the positive
supply of control relay 2 (K2). The negative
power supply is connected to the normally
open contact 2 of control relay main (KONO2),
which is connected to the normally open con-
tact 2 of control relay 2, (K2NO2), which is con-
nected to negative coil A1l and coil A2 to the
positive supply of Timer 2 (T2). Timer 2 (T2)
Off Delay is set to 10 seconds. The negative
power supply is connected to control relay 2’s
normally open contact 3 (K2NO3), which is
connected to negative coil Al, and coil A2 is

Table 1. Summary of the Responses.

connected to control relay 2's normally open
contact 4 (K2NO4) to the positive supply of so-
lenoid operated valve 2 (SoV2).

The materials and equipment needed to in-
stall the electrical and instrumentation parts
came from the company because those are con-
sidered slow-moving or non-moving stock
items, so the researcher found a way to utilize
them.

Testing and Validation of Measuring In-
struments. Without a well-planned testing ef-
fort, the development will surely fail and have
an influence on the overall operational perfor-
mance of the solution. Validation studies assist
researchers in identifying mistakes that occur
while examining thoughts and behaviors, al-
lowing these faults to be mitigated or removed
for research studies to deliver more precise
and valid results.

All the activities, inputs, materials, meth-
ods, and information above are used for the
development of the optimized energy recovery
system from excess heat of a compressed air
system.

Evaluation of the Sustainability of the Opti-
mized Energy Recovery System from Excess
Heat of a Compressed Air System

This part presents the evaluation of the sus-
tainability of the research in terms of the fol-
lowing main criteria: (1) application; (2) safety;
(3) functionality; (4) environmental impact; (5)
industry/company approval; and (6) financial
requirements.

Presented in Table 1 is the summary of the
respondents’ responses in the evaluation of the
sustainability of the optimized energy recovery
system from excess heat of a compressed air
system.

Main Criteria Mean Interpretation

1. Application 5.00 Highly Sustainable
2. Safety 492 Highly Sustainable
3. Functionality 4.85 Highly Sustainable
4. Environmental Impact 4.93 Highly Sustainable
5. Industry/Company Approval 5.00 Highly Sustainable
6. Financial Requirements 4.90 Highly Sustainable
Overall Mean 4.93 Highly Sustainable
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It can be gleaned from the summary of the
responses in table 1 that all indicators of the
sustainability of the optimized energy recovery
system from excess heat of a compressed air
system were rated favorably by the respond-
ents, with mean ratings ranging from a high of
5.0 to a low of 4.85. Two (2) of the six (6) main
criteria were scored identically with a perfect
mean rating of 5.0, and they were Application
and Industry Approval, followed by Environ-
mental Impact, Safety, Financial Requirements,
and Functionality with a mean rating of 4.93,
4.92, 490, and 4.85, respectively. All the main
criteria components are interpreted as highly
sustainable. Overall, the optimized energy re-
covery system from excess heat of a com-
pressed air system was rated "Highly Sustaina-
ble," as evidenced by a grand mean of 4.93. The
project study is strongly recommended for

adoption and future improvement, according
to the company and faculty experts’ responses.

Performance of the Optimized Energy Recov-
ery System Before and After the Installation
and Operation of the Equipment

Table 2 displays the number of days, the
equivalent mean values of the outlet tempera-
tures, optimized energy, and the weighted
mean of the performance of the system before
and after the inclusion of the equipment based
on the optimized energy. The mean optimized
energy in mega-joules prior to installation and
operation of the equipment is 365.20, while the
mean optimized energy after implementation
of the developed equipment is 730.15. There
was a significant increase of 364.95. This im-
plies the efficiency of the developed and opti-
mized energy recovery system.

Table 2. Distribution of the Optimized Energy Recovery System Before and After the Installation and

Operation of the Equipment.

Oultlet Temperature Pressure Dfferential Optimized Energy

Day o .

Number (°Q) (bars) (Megajoules)
Before After Before After Before After
1 31.3 39.0 0.5 0.5 382.89 647.9
2 315 39.0 0.5 0.5 459.80 627.0
3 315 39.0 0.5 0.5 376.20 627.0
4 315 40.0 0.5 0.5 418.00 710.6
5 315 39.0 0.5 0.5 334.40 627.0
6 31.0 40.0 0.5 0.5 334.40 752.4
7 31.0 40.0 0.5 0.5 334.40 752.4
8 32.0 39.0 0.5 0.5 418.00 585.2
9 32.0 40.0 0.5 0.5 334.40 668.8
10 32.0 41.0 0.5 0.5 334.40 752.4
11 32.0 40.0 0.5 0.5 334.40 668.8
12 31.0 40.0 0.5 0.5 334.40 7524
13 317 41.0 0.5 0.5 334.40 780.0
14 32.0 40.5 0.5 0.5 334.40 710.6
15 32.0 41.0 0.5 0.5 334.40 7524
16 32.0 40.0 0.5 0.5 334.40 668.8
17 31.0 40.0 0.5 0.5 334.40 752.4
18 31.0 39.0 0.5 0.5 334.40 668.8
19 31.0 40.0 0.5 0.5 418.00 752.4
20 31.0 40.0 0.5 0.5 334.40 752.4
21 32.0 40.0 0.5 0.5 334.40 668.8
22 32.0 40.5 0.5 0.5 501.60 710.6
23 31.0 41.0 0.5 0.5 418.00 836.0
24 30.0 41.0 0.5 0.5 334.40 919.6
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Day Oultlet Temperature Pressure Dfferential Optimized Energy
Number (°Q) (bars) (Megajoules)
Before After Before After Before After
25 31.0 42.0 0.5 0.5 418.00 919.6
26 30.0 41.0 0.5 0.5 334.40 919.6
Average 365.20 730.15

Moreover, Figure 7 shows the summarized
graphical presentation to visualize the trend
and comparison of optimized energy recovery

from excess heat of a compressed air system
before and after installation and operation.

Optimized Energy
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Figure 7 The Summary of Graphical Presentation of Optimized Energy

Meanwhile, Table 3 shows the descriptive
measures of the optimized energy recovery
system from excess heat of a compressed air

system before and after the implementation of
the study.

Table 3. Descriptive Measures of the Optimized Energy Before and After the Installation and Opera-

tion of the Equipment

Optimized Energy N Mean Std. Deviation
After 26 730.15 90.55
Before 26 365.20 48.19

Table 3 simply shows that the variance of
the optimized energy after the implementation
of the system is greater than the variance of the
optimized energy before the system was in-
stalled.

Significance of the Performance of the Opti-
mized Recovery System

Table 4 shows the results of a paired-sam-
ples t-test conducted to compare the optimized

energy before and after the utilization of the
developed equipment. The mean difference of
364.95 was found to be significant between the
two measures; the optimized energy before (M
=365.20, SD = 48.19) and the optimized energy
after (M = 730.15, SD = 90.55); t(25) =-17.384,
p = 0.000, which is less than. It means that the
t-value of -17.384 is less than the p-value of
0.00.
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Table 4. Differences Between the Optimized Energy Before and After the Utilization of the Equipment.

Parameter Mean SD Mean Difference t-value Df  p-value
Optimized Energy Before 365.20 48.19
Optimized Energy After ~ 730.15  90.55 364.95 17.384 25 0.00

These findings suggest that the null hypoth-
esis stating that the optimized energy before
and after the utilization of the developed equip-
ment is not significantly different is thus re-
jected. The performance of the optimized en-
ergy after the utilization of the equipment was
statistically higher than the performance of the
optimized energy before the utilization of the
developed equipment.

Conclusion

The study was developed in line with the
circuit analysis, by combining the mechanical
and electrical modifications, creating a log
sheet and procedures, installing instrumenta-
tion components, and coming up with an effec-
tive and efficient system. The optimized energy
recovery system from excess heat of a com-
pressed air system was rated "Highly Sustaina-
ble" by the company and faculty experts. It pro-
vides the potential for energy savings and en-
ergy efficiency, resulting in less pollution in
terms of environmental impact, thereby bene-
fiting the environment significantly. There is a
significant difference in the performance of the
optimized energy recovery system before and
after the installation and operation of the
equipment.

The researcher concluded that the perfor-
mance of the optimized energy recovery sys-
tem from excess heat of a compressed air sys-
tem after the installation and operation was ef-
fective and efficient based on the ratings of re-
spondents and descriptive measures on the log
sheet. For this kind of innovation, the manufac-
turing company with the same equipment
should adopt and sustain it for potential energy
savings and to protect mother nature.

Recommendations

The study found that the development of an
optimized energy recovery system from com-
pressed air system excess heat revealed the fol-
lowing recommendations, which are now pre-
sented: Since the optimized energy recovery

system from excess heat of a compressed air
system was effective and efficient. It may apply
to any establishment that utilizes hot water,
steam boilers, and compressed air systems, es-
pecially manufacturing companies and indus-
tries. The results of the study may give the com-
pany experts: the management and the associ-
ates who served as respondents to this re-
search, another insight on how to further im-
prove the efficiency of machinery in the pro-
cess. The study may be used as part of the
learning materials for the students who will be
taking the fundamentals of heating. It may
serve as an example of how heat energy trans-
fers and how to modify electrical control sys-
tems interact with one another in a complex
process used in industrial applications. The fac-
ulty experts may use the findings of the study
as basis on how to further improve the effi-
ciency of machinery in terms of electrical con-
trol systems, as in line with industry. The re-
search output may be used to promote energy
efficiency and conservation, thereby benefiting
the environment significantly. The study may
provide add-on information to guide future
studies associated with energy management
systems. The study may contribute signifi-
cantly to the body of knowledge on waste heat
recovery systems for future researchers.
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