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Abstract. The global aluminium industry faces a serious challenge in reducing greenhouse gas emissions as the demand for aluminium
continues to increase. The aluminium industry has a responsibility to streamline its energy consumption, especially in the production
process. There have been many studies discussing energy consumption performance in the industry. However, most of them only
discuss energy saving partially, without involving energy consumption with various items produced. This paper proposes an energy
savings measurement in the manufacturing industry. An energy baseline consumed per unit volume has been developed using the
equivalent volume method with an energy management control system (EMCS). The study takes a case example from the automotive—
aluminium component industry. The steps taken in the study are: examining the production process, converting the production volume
to equivalent, calculating the energy consumption ratio, developing an energy baseline, simulating the savings performance, and
then proposing an EMCS with key performance indicators (KPI) for sustainability. The results show that the development of a baseline
using the ratio of energy and an equivalent volume of production gives a better data correlation with an R? value close to one. From
the baseline, the best-demonstrated performance (BDP) can be used as a reference to set energy goals. Furthermore, the data and the
deviant deleted have the same baseline value. They differ in energy reduction goal percentages. The practical application of this
study is not only in the manufacturing industry but in other industries as well, such as building management. This study contributes
to energy savings achieved with EMCS.

Keywords: energy conservation, energy management, energy report, virtual energy audit, lean manufacturing, continuous improve-
ment, cost reduction.
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1. INTRODUCTION

Currently, the world is facing the issue of global warming
and its dependence on fossil fuels [1]. The burning of
fossil fuels causes the accumulation of greenhouse gases
in the atmosphere. Meanwhile, exploitation and excessive
consumption cause the availability of fossil energy to
dwindle. Globally, the total fossil energy availability (total
proved reserves for production), such as oil, natural gas,
and coal, is only 49.9, 49.8, and 132.1 years, respectively
[2]. Unless the world takes anticipatory action together,
global warming and energy scarcity will immediately
threaten the sustainability of life on Earth. There are only
two ways to reduce dependence on fossil energy: increased
energy efficiency (EE) and utilization of renewable energy
(RE) [3]. EE helps to reduce carbon emissions, while RE
provides clean and environmentally friendly energy. For
that, all sectors, such as residential, commercial, and in-
dustrial, must involve renewable energy and energy ef-
ficiency. The growth of RE and EE development in all
countries and sectors increases yearly [4,5]. EE and RE,
particularly in developing countries, help to reduce carbon
emissions, so they should be developed and suitable eco-
nomic and energy policies put into practice [6]. RE spe-
cifically includes solar, wind, hydro, biomass, geothermal,
and marine energy.

The industrial sector utilizes more energy than any
other end-use sector. Currently, this sector accounts for
around 37% of all energy delivered globally [7]. This
energy is consumed by a wide range of industries, includ-
ing manufacturing, mining, and construction, as well as
for a variety of activities, such as processing and assembly,
space heating and cooling, and lighting. With the devel-
opment of human civilization and the growth of the world
economy, the need for global energy will certainly in-
crease. The world’s dependence on fossil energy is still
enormous, and renewable energy has not been able to
replace 100% of fossil energy. In addition, dependence on
fossil oil will continue to burden the environment due to
exploitation. Therefore, efforts to save energy or conserve
energy are necessary.

Firth et al. [8] investigated the environmental effects
of potential worldwide waste heat emissions from the
power generation, industry, transportation, and building
sectors in the year 2030. They discovered that total waste
heat emissions account for 23% to 53% of the global in-
put energy based on the year and scenario, with potentials
of 6% to 12% and 6% to 9%. Due to their economic sig-
nificance, Garofalo et al. [9] concentrated on the waste
heat potential of industrial processes for the vast energy
and capital availability, the automotive sector for its per-
meation, and wearable devices for market size. In general,
the potential for energy savings in industry is mostly
found in production-related processes and utilities, fol-

lowed by offices and warehousing [10]. Egilegor et al.
[11] looked at ways to reuse more than 40% of the waste
heat present in exhaust streams inside an industrial facility
instead of releasing it into the environment. Su et al. [12]
examined how the recovery and utilization of waste heat
in different sectors can improve economic benefits, con-
serve energy, and reduce emissions. Wang et al. [13]
developed the concept of mass-thermal network optimiza-
tion in the iron and steel industry to consider current
energy conservation technologies and low-grade heat
recovery technologies in an overall situation. Loni et al.
[14] summarized the studies about waste heat recovery
technologies with the organic Rankine cycle (ORC) for
high flexibility and compatibility with two waste heat
sources. Araiz et al. [15] suggested using thermoelectric
generators at a stone wool manufacturing plant to convert
waste heat from a hot gas flow into usable electricity by
combining two computational models to optimize the
power output and economic cost. Zhao et al. [56] studied
the use of various waste heat recovery (WHR) systems
within industrial reheating furnaces to assess possible
recovery efficiencies and suitability.

The metal processing industry, including the alu-
minium industry, is one of the industrial sectors that
consumes quite a lot of energy. With the industry getting
bigger or the process getting longer, the possibility of
wasting energy will also increase. It is a real challenge to
carry out process engineering and energy engineering so
that it is efficient in energy consumption. Particularly in
the global aluminium industry, energy efficiency is facing
serious challenges in achieving the goal of halving green-
house gas emissions by 2050 [16], while the demand for
aluminium is expected to increase two to three times in
the same year [17]. To realize energy savings, various
industrial sectors have implemented EE programmes
through energy audits [18]. An important factor in a suc-
cessful EE programme in industry is the management’s
ability to engage staff and train them to become experi-
enced in energy saving [19]. Therefore, EE programmes
should include energy management, such as an energy
management control system (EMCS) [20]. EMCS de-
scribes how energy management works in an organization
from target to execution, with clear roles and respon-
sibilities at each level. The adoption of an EMCS could
be a useful tool for businesses to improve their production
processes and day-to-day operations in the direction of
energy efficiency [21]. Unfortunately, many EE programmes
through EMCS have not been implemented yet by proper
energy-saving measurement systems [22]. This certainly
affects the determination of realistic and challenging sav-
ings targets for the next period.

Several studies have proposed strategic approaches,
modelling analyses, and evaluation methodologies to real-
ize energy savings in the manufacturing industry by im-
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plementing energy efficiency programmes. The feasibility
of the suggested strategy to provide an efficient measure
for promoting the sustainability of the manufacturing
industry was proven by Cai et al. [23]. Andrei et al. [24]
examined a knowledge-based framework to clarify the
model for knowledge derived from industrial EE to cur-
rent levels and the current context of industry transition.
Mawson et al. [25] looked over methodologies and frame-
works for analyzing energy usage at the machine process
level. A multi-level holistic analysis was also given, allow-
ing for consideration of individual machines, the manufac-
turing process chain, and the built environment with both
discrete-event simulation and continuous-based simulation.
Edgar and Keeton [26] investigated smart manufacturing
(SM) systems that combine manufacturing intelligence in
real time across an entire operation. They can handle sys-
tems at a much lower cost, increasing process knowledge
and improving energy productivity. Zang et al. [27] pro-
posed a data-driven analytical framework to reduce energy
consumption and emissions for energy-intensive manufac-
turing industries. The energy and cost reductions could be
achieved by 3% and 4%, respectively. Based on an inte-
grated assessment and an energy consumption forecast,
Mardani et al. [28] reviewed the various models of data
envelopment analysis (DEA) for EE development. The re-
sults indicated that DEA showed great promise as a good
assessment tool. Zsebik and Novak [29] gave examples
and introduced tools for both short- and long-term energy
planning based on historical energy use, baselines, and
production schedules, as well as for prompt and short-term
evaluation of monitored systems. Additionally, they dis-
played the outcomes and monetary gains of applying the
tools at the investigated industrial plants. Lawrence et al.
[30] conducted a critical analysis of specific energy con-
sumption (SEC) using the pulp and paper sector as an
illustration and in connection to industrial energy effi-
ciency. They recommended using SEC as an ideal key
performance indicator (KPI) by calculating it the same
way with the same underlying assumptions in the same
industry. To incorporate EE into production management,
Andersson and Tollander [31] investigated the current
level of energy-related KPI implementation and oper-
ationalization in the Swedish pulp and paper industry. The
findings allowed for the identification of current best
practices concerning energy KPIs as a potential for con-
tinuous improvement. Wen et al. [32] promoted the energy
value mapping (EVM) approach. As an example, they sug-
gested three phases: lean energy analysis using production-
oriented key energy performance indicators, energy loss
modelling to relate energy losses and productivity vari-
ables, and improvement strategies for managing pro-
duction and energy efficiency.

Based on the reviews, many studies have discussed
energy consumption performance in the manufacturing

industry. The discussion focuses more on the knowledge,
strategy, and framework to provide an efficient measure
for promoting the sustainability of the manufacturing
industry [23-25], SM systems that combine manufactur-
ing data intelligence [26-28], methodological models of
EE evaluation and measurement in high energy-con-
suming industries, and the analysis of energy management
in manufacturing [25,29-32]. However, no study in the
aluminium industry discusses in detail how to measure
energy savings, especially using the method of energy con-
sumed per unit equivalent volume produced and an EMCS.
Although Zsebik and Novak [29] and Lawrence et al. [30]
have discussed the baseline and energy-per-unit-volume
of production, the discussion was unfortunately more
about the individual process. Especially in the manu-
facturing industry, EE programmes must involve volume
production. With the various items produced, such as
aluminium parts in the automotive industry, the energy
savings measurement is conducted fairly. This paper
discusses the sustainable energy savings measurement in
the aluminium parts industries, utilizing waste heat by
developing a baseline of energy consumed per unit vol-
ume using the equivalent volume method within the
framework of EMCS.

2. METHODOLOGY
2.1. Process flow analysis

Figure 1 shows the process flow of the area to be analysed
for the study. This is to understand the production process
to obtain improvement opportunities in energy savings
from the utilization of WHR [12,33]. The flow from the
sections of input, process, and output should be under-
stood comprehensively before conducting an energy audit.
The analysis further involves supporting areas such as
utility, maintenance, engineering, etc. The main energy
source is electricity, supplied by utility companies, and a
small portion of photovoltaic (PV) modules are installed
on top of factory buildings. Certain processes require
energy from liquefied natural gas (LNG) and diesel oil.
This activity should identify energy-saving oppor-
tunities and provide strong recommendations after the
audit. In this study, WHR is used directly from one pro-
cess to another [34], not for power generation such as
ORC [35]. In Fig.1, the blasting method used sand as a
heat delivery medium at a constant temperature of 117 °C.
The entire procedure took 60 min. It took 10 min to fill
and unload. Those processes proceeded with no change in
temperature. The blasting door swung wide, the hook was
yanked, the goods were then lifted using a hoist, and the
hanger was inserted into the cavity. The procedure was
repeated 17 times per day. The total amount of work was
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Fig. 1. Process flow of production and exhaust air utilization for scrap aluminium drying [34].

20.5 h. The average wind speed was 0.3 m/s. The dis-
charge pipe was 1 m long. The velocity at the surface was
1017.4 m3/h. The airflow rate determined was 1220.8 kg/h.
The maximum air temperature recorded was 194 °C. As a
comparison, the ambient air temperature was 30 °C.

As shown, the raw materials of 50% ingot and 50%
dry scrap briquettes (DSB) go through the processes of
melting, pouring, cutting, machining, painting, assem-
bling, and becoming finished goods. The dry scrap powder
(DSP) occurs in the cutting process. Wet scrap chips (WSC)
occur in the machining process. The two scraps, DSP and
WSC, are compressed into wet briquette scrap, dried in
the briquette drying oven, and then cooled in the cooling
process to be DSB. In general, the aluminium processing
industry has the potential for waste heat recovery for
energy savings [36,37]. The exhaust waste heat from the
hot hanger cleaner is processed directly as the heat energy
for the briquette drying oven. The aluminium refining pro-
cess is not necessary because the scrap is not contaminated
with other materials [38].

The potential energy using the hot air from the oven
can be used for other processes, O, [34] in Eq. (1):

Qex = macp,aATa (1)

where m [kg/s] is the mass flow rate of air, ¢, , [J/kg °C]
is the specific heat of air, AT is the temperature difference
between the high temperature of hot air 7;, [°C] and the
ambient air temperature 7, [°C].

2.2. Baseline development

Baseline is the boundary line used as a measurement
reference. In this case, baseline development is the process
of developing a boundary line as a reference for measur-
ing energy savings. The steps are:

First, transforming the volume of products to an equiv-
alent volume by analysing the types of products correlated
with the other factors, such as the total electrical capacity
of production machines and utilities, cycle time, etc.
[20,39], as in Eq. (2):
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where Vi, V2, V3, Vyand 1, S,, S4, Sep, S, are the types of
product 1, 2, 3, referring to n and the standard process of
production 1, 2, 3, referring to n, respectively. In this case,
S, refers to a type of product volume as a reference to the
equivalent volume of production.
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Second, taking the energy consumption from the electrical
meter reading and validating it with the energy bill re-
ceived from the electricity company. For various types of
energy consumed, each energy type is converted into a
single energy type, such as electricity unit (kWh), as in
Eq. (3):

En = Vn XE'tfel ] (3)

where V, and F,_,; are the volume and conversion factor
of n-energy type consumed as electricity, respectively. The
types and sources of the calculated energy consist of
electricity (kWh), LNG (MMBTU), diesel oil (L), and PV
(kWh).
Third, developing a baseline for measuring energy sav-
ings. There are several things to be considered, such as sea-
sonal effects, volume, etc. Energy savings can be counted
using methods of baseline measurement of energy savings
(BMES), as in Eq. (4) [20],

ES,I()t = (C

retv,b

Cretv,c) * Ve,c * PF7 (4)

where Ej ,, is the total energy cost saved (IDR, Indonesian
Rupiah). The C,, is the previous ratio of energy to
volume consumed (kWh/production volume, or kg of gas/
production volume). The C,, . is the current ratio of
energy to production volume consumed (kWh/production
volume, or kg of gas/production volume). The V. is the cur-
rent equivalent volume. Py is the cost factor (IDR/kWh,
or IDR/kg of gas). Then, C,, and C,, . are formulated
as in Eq. (5):

Cretv,b = Cue,b /V;,b
or (5)
Cretv,c = Cue,c / I/e,c >

where ¥, is the previously baseline equivalent volume
(unit or pcs). Both V, , and V, . are derived using Eq. (2).
Thus, Cyep, Crenc and V., or V, . are the initial elements
to identify for energy savings. The keys are the V, ,or V, .
The energy cost factor Pr must be included in electricity
or gas billing separately. The cost factor Pr is given by

Eq. (6):

~P P P P
Py =D L+2+24—2 )
! 1 El EZ E3 En

Fourth, simulating the energy savings performance with
a baseline evaluation, as shown in Eq. (4). The simulation
aims to provide an overview of the achievement of energy-
saving performance over a certain period. The simulations
can be performed daily but evaluations and corrections
can be adjusted weekly. The simulation of energy savings
periodically and routinely is easy to do if all the para-
meters requested by Eq. (4) are available. For this reason,

FOLLOW-UP /
REPORT

Corrective action

Fig. 2. System concept for energy management control system
(EMCS) [20].

tracking data to obtain the requested parameters must also
be carried out in the same way and routinely. This step
focuses on what actions the management should take to
maintain energy-saving performance in the future.

Fifth, proposing an EMCS with KPIs for sustainability.
This should be initiated by top management at a high-level
meeting to discuss the performance of the company. The
goal is to gain commitment, support, and ownership from
subordinates in the organization. The savings perform-
ances through EMCS can be displayed in the dashboard
system, which allows the management to monitor per-
formance in real time, anytime, anywhere. Management
levels are classified as executive, middle management,
and supervisory. Figure 2 depicts the EMCS system idea,
which consists of a goal, plan, assignment, and follow-
up/report. Plans should include goals at each level as well
as tasks and follow-up on accomplishments. If there is a
deviation or the achievement is lower than expected,
corrective action must be taken right away. The perform-
ance information, such as meter readings, utility equip-
ment checklists, production hourly control, regular energy
audits, etc., provided by EMCS is generally sourced from
a follow-up tool on the floor, called shop floor control
(SFC). EMCS will assist the management in carrying out
their tasks accurately at any time.

3. RESULTS

Table 1 displays the data processing of baseline devel-
opment for energy consumption as an equivalent volume
of production in the manufacturing industry. As shown in
Table 1, the baseline period extended from January 2018
to February 2020. The production and energy data were
simplified to a single unit for analysis. The production
volume was converted to equivalent units using Eq. (2).
The energy consumed from LNG and Diesel was con-
verted to electricity units using Eq. (3). Meanwhile, the
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Fig. 3. Baseline development in four graphs: (a) equivalent volume of production, (b) electricity consumption, (c) correlation of
energy vs production, (d) baseline ratio energy consumption/equivalent volume of production.

electrical energy (kWh) generated by the PV module was
not converted but simply added up. The baseline ratio of
energy consumption to production equivalent volume was
determined using Eq. (5).

Figure 3 displays the baseline development process in
four graphs based on data in Table 1. As shown in Fig. 3a
and 3b, both equivalent products (pcs) and electricity
consumption (kWh) fluctuate monthly during the baseline
period. However, equivalent production is relatively stable
compared to the more fluctuating electricity consumption.
Besides, electricity consumption appears to decline further
from the end of the year until the beginning of the
following year. The correlation of the two data, equivalent
products vs electricity consumption, is quite good at R? =
0.81, as shown in Fig. 3c. Figure 3d displays the baseline
ratio of electricity consumption to equivalent products

(kWh/pcs). As shown, both the equivalent volume and
electricity consumption in the more stable months give a
lower baseline ratio. In other words, during these months,
electricity consumption is more efficient to produce an
equivalent volume of production.

Figure 4 displays the goal setting for the energy-saving
target for the following year derived from Fig. 3d. In this
case, the savings target refers to the best-demonstrated
performance (BDP) achieved in the previous year during
the baseline period. Figure 4a shows that goal setting refers
to BDP and the average as a baseline using the original
data. As shown, with a BDP of 6.2 kWh/pcs and a base-
line of 6.6 kWh, this equates to a 7% reduction target of
energy consumption in the following year. Figure 4b shows
that goal setting refers to BDP and the average as a base-
line using the original data. The original data created
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norms data by eliminating the deviant data, as shown in
Fig. 4b. As shown, with a BDP of 6.4 kWh/pcs and a
baseline of 6.6 kWh, this equates to a 2% reduction target
of energy consumption in the following year. Both Fig. 4a
and 4b have the same baseline of 6.6 kWh/pcs. The
summary is given in Table 2.

Table 3 displays a simulation of the energy-saving
evaluation based on the baseline obtained in Fig. 3 using
Eq. (1) to Eq. (6). The cost factor of electrical energy Py
is assumed as 1200 IDR/kWh [40]. The cost factor of
electrical energy Pr is not always constant. Prices may
increase depending on changes determined by the state

Table 2. Summary baseline development (from Fig. 4)

Data Baseline BDP Goal setting
(kWh/pcs) | (kWh/pcs) (for next period)
Original 6.6 6.1 Reduce 7% from baseline
Deviant 6.6 6.4 Reduce 2% from baseline

Table 3. Simulation of the monthly energy-saving evaluation for March 2020—June 2021

Period Baseline ratio Current ratio Cost Savings (IDR)
(kWh/pcs) factor
Original | Deviant kWh | Pcs (eqv.) | kWh/pcs | IDR/kWh Original | Deviant
Mar-20 6.6 6.4 4500000 710000 6.3 1200 223 200000 52 800 000
Apr-20 6.6 6.4 4400000 720000 6.1 1200 422 400000 249 600000
May-20 6.6 6.4 4300000 730000 6.4 1200 201 600 000 26 400 000
Jun-20 6.6 6.4 4550000 718 000 6.3 1200 226 560000 54240000
Jul-20 6.6 6.4 4 600000 730000 6.3 1200 261 600000 86 400 000
Aug-20 6.6 6.4 4450000 718 000 6.2 1200 346 560000 174 240000
Sep-20 6.6 6.4 4 650000 725000 6.4 1200 162 000000 —12 000 000
Oct-20 6.6 6.4 4530000 738000 6.1 1200 408 960000 231 840000
Nov-20 6.6 6.4 4590000 710000 6.3 1200 272 400000 102 000000
Dec-20 6.6 6.4 4 625000 745000 6.2 1200 350 000000 171 600000
Jan-21 6.6 6.4 4520000 718 000 6.3 1200 262 560000 90 240 000
Feb-21 6.6 6.4 4580000 720000 6.4 1200 206 400 000 33 600000
Mar-21 6.6 6.4 4479 000 725000 6.2 1200 367200000 193 200000
Apr-21 6.6 6.4 4 670000 735000 6.4 1200 217 200000 40 800000
May-21 6.6 6.4 4710000 729000 6.5 1200 121 680000 —53 280000
Jun-21 6.6 6.4 4 680000 739000 6.3 1200 236 880000 59 520000
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Fig. 5. Energy-saving performance March 2020-June 2021: (a) monthly tracking, (b) baseline and goal setting.

electricity company. As shown, the current energy ratio
(kWh/pcs) changed according to changes in energy con-
sumption (kWh) and production equivalent (pcs) monthly.
Here, the calculation of savings (IDR) refers to the origi-
nal or deviant baseline. From the simulation, energy sav-
ing will improve if energy consumption (kWh) decreases
with output (pcs) increasing (the current ratio becomes
smaller). That is, a greater difference between the baseline
ratio and the current ratio will provide greater savings.
The occurrence of minus energy savings with the deviant
eliminated has been caused by a fairly high energy con-
sumption without a proper increase in output.

Figure 5 displays energy savings performance for the
tracking period of March 2020 to June 2021. Figure 5a
displays the results of tracking from March 2020 to
June 2021, which are based on the goal setting of the
baseline deviant from January 2018 to February 2020. As
shown, the achievement of tracking ratio (kWh/pcs) for
May 2021 was still below the original baseline, but there
were negative savings when using the baseline deviant.
Figure 5b displays how the goal-setting process for the
following period refers to the results of tracking from
March 2020 to June 2021. As a result, there is a baseline
ratio of 6.3 kWh/pcs which refers to the average, while
6.1 kWh/pcs refers to BDP. The same baseline ratio can
be used for annual, monthly, weekly, and even daily track-
ing ratios by adjusting energy consumption (kWh) and
equivalent volume (pcs). If BDP is used as the baseline
reference, it means a 3% reduction as a set goal for the
next period. The energy goal can be directly rolled down
from top management to the ground level as a com-
mitment to be realized together.

Figure 6 displays the detailed flow of internal informa-
tion systems in an EMCS, based on the concept system in
Fig. 2. The top management, middle management, super-
visors, and finally the operator level all have the same
goals to use less energy and be more productive.
Additionally, the planning is modified in light of the
objectives at every level of management. SFC is used as
a field follow-up tool to make sure the goals are being met
as intended. According to the circumstances on the ground
level (the operator-level), follow-up frequency can be
modified more often, for instance, every hour or as needed
to obtain a specific amount. The crucial goal of the follow-
up is to make sure there are no variances. If there is a
variance, though, corrective action must be performed
right away. To be considered a valid KPI in the manage-
ment report, the shift, daily, or weekly performance is
extracted from the SFC (green box). That is, the ground
level provides real performance to the top management
level via SFC. Weekly or monthly performance meeting
(yellow cloud) is held where a management report is pre-
sented for the prior week or month. The key to the success
of this system is: regular time, completing KPIs in manage-
ment reports, attending meetings with data according to
KPIs to support action plans, and ensuring all previous
actions have been completed (no backlog). Table 1 provides
more information on KPIs associated with this subject.

4. DISCUSSION

Based on the above results, three points need to be dis-
cussed:
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First, issues relating to further technical improvement for
more energy savings. This can be done by conducting a
method change with process re-engineering [36] and in-
novation [16], such as shortening the production process
or, if possible, unifying several related processes. In ad-
dition, re-utilizing energy waste such as heat energy for
the pre-treatment process needs to be taken seriously. To
do this, several steps must be taken, such as re-analysing
in more detail the process flow as has been done in Fig. 1
[34], making direct observations on the floor to ensure the
expected improvement opportunities can be implemented
properly, processing the data collected to ensure potential
with engineering and economic calculations, re-engineer-
ing the system according to the calculated potential, work-
ing on system changes according to a mutually agreed
plan. Changes for improvement must be planned with
a good project management system. The purpose is to
keep the production process as well as the ongoing energy
efficiency programme running normally. Implementation
of method changes during low season can also be con-
sidered so that changes can be carried out in a relaxed
manner without panic and pressure.

Second, securing production lines under optimum pro-
duction load conditions. To ensure that the energy in each
machine as well as from the utility is consumed efficiently,
the production plan must be secured for a longer time.

This should be supported by good collaboration starting
within the company and involving marketing, production
planning, inventory control, production, utilities, etc. [41].
A stable workload for the production department will
ensure optimal and efficient performance of the produc-
tion process, utility, and energy. In addition, good main-
tenance is also carried out to ensure proper functioning of
the production machines. The following points need to be
considered so that energy consumption in each process
becomes more efficient: reducing energy loss due to fre-
quent start-stops, overcoming energy leaks, too long or
too early pre-heating, excessive process settings, under-
capacity processes, etc. For this reason, a checklist before,
during, and after the production process needs to be car-
ried out by the person in charge of the related process to
ensure that everything functions efficiently.

Third, maintaining the achievement of goals against the
baseline from week to week can be used as a reference in
carrying out this process with the KPI [20,37]. As shown
in Figs 3 and 4, the process of improving energy savings
with clear goals and KPIs from previous achievements
must be continued for the following year. This is a real
continuous improvement process [22]. This process is still
within the EMCS framework [20], related to the regular
follow-up in weekly review meetings (WRM) through
EMCS. For optimal results, top management should fol-
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low up on the EMCS in the weekly management report
[20]. This meeting must be attended by the executive board
and middle-level managers. The role of the executive here
is to discuss the company’s performance by the goals
(including energy KPIs), which have been mutually
agreed upon in advance. The WRM produces an action
plan into a ‘to-do list’ to be followed up in the following
week. The operational level should make the list and the
SFC for the EMCS daily. The achievements are reported
and discussed at the next WRM.

The practical application of this research is not only
in the manufacturing industry but can also be applied to
other industries and building management with adjust-
ments, as necessary. This research contributes to achieving
energy savings with a proper energy management control
system and energy goal setting. EMCS is the basis for
further continuous improvement, such as reusing the
exhaust heat [42]. For further research, the energy savings
in the EMCS dashboard need to integrate into a real-time
tracking system by IoT technology for the management
and the stakeholders [43—45], interconnected to big data
intelligent systems [46—48], and cloud-based energy man-
agement systems [49,50]. Furthermore, EMCS can inte-
grate with renewable energy systems, such as harvesting
solar energy with rooftop PV [51,52] and residential bio-
gas [53-55].

5. CONCLUSIONS

The development of an energy-saving baseline for mea-
surements in the aluminium manufacturing industry has
been discussed comprehensively. The development of a
baseline should extensively analyse the process flow and
the data for better understanding. The baseline used the
ratio of energy consumed per unit equivalent volume of
production. Some key findings can be summarized as fol-
lows:

e Baseline development with an equivalent volume of
production can use original data or deviant data so that
the average baseline becomes different.

e The baseline ratio of the average and BDP provides
different savings targets, where the average provides
a savings target of 2%, while the BDP is 7%. The
target of the average baseline ratio is more moderate,
while the target of the BDP baseline ratio is more
challenging.

e Energy saving will improve if energy consumption
decreases with output volume increasing. During the
tracking period, both energy consumption and the
equivalent volume of production must be properly
controlled so that the savings target can be followed
up to realize energy savings according to the target.

e The use of an EMCS ensures the sustainability of the
targeted energy saving programme by involving all
levels in an industrial organization.

This study can be used as a basis for continuous
improvement to be further integrated into IoT technology
for the management and the stakeholders, interconnected
to big data intelligent systems, and cloud-based energy
management system analysis for smart manufacturing
systems.
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Saistev energiatohusus alumiiniumosade toostuses, kasutades heitsoojust ja
samavaiirset viljundmeetodit koos energiajuhtimissiisteemiga

Erkata Yandri, Suherman Suherman, Abraham Lomi, Roy Hendroko Setyobudi,
Ratna Ariati, Pramudito Pramudito, Ronald Ronald, Yudithia Ardiani, Juris Burlakovs,
Muhammad Zahoor, Lugman Ali Shah, Ahmad Fauzi, Rusli Tonda ja Iswahyudi Iswahyudi

Alumiiniumitdostus seisab silmitsi tdsise proovikiviga kasvuhoonegaaside heitkoguste vihendamisel, kuna ndudlus
alumiiniumi kui tooraine jarele kasvab jatkuvalt. Alumiiniumit6dstus vastutab oma energiatarbimise tdhustamise eest,
eriti tootmisprotsessis. To0stuse energiatarbimist on vaadeldud paljudes varasemates uurimustes, kuid enamik neist on
kisitlenud energiasddstu vaid osaliselt, ilma et oleks arvestanud energiatarbimist erinevate toodete puhul. Selles uuri-
muses antakse soovitus energiasddstu modtmiseks todtlevas toostuses. Valja on todtatud ruumalaiihiku kohta tarbitud
energia baastase, kasutades samavédrset viljundmeetodit koos energiajuhtimissiisteemiga. Uurimistods tuuakse vilja
viis sammu energiatarbimise vihendamiseks autotdostuse alumiiniumkomponentide tootmise nditel: tootmisprotsessi
uurimine ja tootmismahu teisendamine ekvivalendiks, energiatarbimise osakaalu arvutamine, energia baasmééara vélja-
tootamine, energiasddstu tohususe simuleerimine ning seejérel energiajuhtimissiisteemi ja jatkusuutlikkuse peamiste
tulemusnéitajate viljatodtamine. Tulemused néditavad, et baasmédra véljatdotamine energia ja samavéérse toodangu
suhtarvu abil annab parema andmete korrelatsiooni ja iihele ldhedase regressioonikordaja vairtuse. Baasmaéra pdhjal
saab energiaeesmirkide piistitamisel kasutada vordlusalusena parimat demonstreeritud joudlust. Kasutatud andmetel ja
saadud standardhilvetel on sama algvédrtus, kuid need erinevad energia vihendamise eesmaérkide seisukohast protsen-
tuaalselt. Uurimuse praktiline rakendus on nii kasutus todtlevas toostuses kui ka teistes todstusharudes, nditeks hoo-
nehalduses.



