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Abstract

Addressing concerns over resource scarcity and environmental sustainability necessitates
a global shift towards sustainable energy, notably facilitated by adopting Light-Emitting
Diode (LED) lamps. This transition is pivotal for ensuring global energy security and
aligning with sustainability goals. This study endeavors to comprehensively analyze
potential energy savings achievable through the transition from Fluorescent (FL) lamps to
LED lamps within industrial offices. Emphasis is placed on highlighting the central role of
energy efficiency. Utilizing false color rendering as a visual guide, the study systematically
identifies areas where FL lamps inadequately illuminate. The findings prompt
recalculations for determining optimal room illumination achievable through
implementing LED lamps. Lux calculations are then employed to showcase the superior
illumination offered by LED lamps, revealing consistent monthly cost savings of 35%,
particularly when harmonized with Building Management System (BMS) control in
industrial office buildings. The study's results indicate that LED lamps provide superior
illumination, yielding a noteworthy 35% monthly cost savings, especially when integrated
with BMS control. Lamps contribute modestly (21-30%) to overall energy consumption,
while air conditioning commands a substantial 60%, underscoring the critical need for
advanced lighting technology. This need is emphasized, particularly with Solar PV as a
sustainable energy source. Understanding technological developments, especially in
BMS, is crucial to optimize energy efficiency in industrial offices. The imperative
implementation of LED lighting technology is a critical solution to address resource
scarcity and environmental concerns in industrial offices. The efficacy of LED lamps in
achieving significant energy savings, especially when coupled with advanced systems like
BMS and complemented by renewable energy sources such as Solar PV. The conclusion
stresses the significance of staying abreast of technological advancements to foster
sustained progress towards energy-efficient and environmentally conscious practices
within industrial environments.
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1. Introduction

Facing resource scarcity and environmental harm from
reduced fossil energy use, a shift to sustainable energy is
crucial. It not only safeguards global energy security but

DOI: 10.60084/ljes.v2i1.140

also aligns with sustainability goals [1-3]. In Indonesia's
evolving office landscape, a transformative wave
integrates advanced lighting technologies, illuminating
workspaces and ushering in energy efficiency. Smart
sensors, responsive controls, and sustainable LED
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solutions redefine office aesthetics and significantly
contribute to reduced energy consumption [4]. As
Indonesia's offices embrace this evolution, the luminous
future promises innovation, efficiency, and a greener
tomorrow.

Energy efficiency, especially through technologies like
replacing Fluorescent (FL) lamps with light-emitting diode
(LED) lamps, is pivotal for wiser and more economical
energy use, making a positive environmental impact [5].
Switching from conventional to LED lighting is a pertinent
choice for enhancing energy efficiency in industrial
offices. This not only improves workspace quality but also
yields significant energy savings. This transition,
emphasizing cessation and strategic environmental
impact reduction, is a crucial step in optimizing resource
use.

While Indonesia has yet to fully embrace LED lighting,
global case studies highlight its effectiveness. Rapid
advancements in LED technology, offering lower energy
consumption and extended service life, support the
quest for greater efficiency. LED lights, with optimal
brightness and customizable designs, are increasingly
favored for their energy-saving potential. These
advancements represent a proactive stride toward
achieving energy efficiency in industrial offices, laying the
groundwork for a sustainable future [6, 7].

LED lights outshine other types due to their extended
lifespan, reaching approximately 30,000 to 50,000 hours,
in stark contrast to fluorescent lights' 15,000 hours.
Fluorescent lamps, with a mere 5,000 to 10,000-hour
lifespan, are more susceptible to damage [8]. The use of
light-emitting diodes (LEDs) in LED lamps ensures
sustained brightness without burning out. Additionally,
LED lights contribute positively to the environment by
avoiding the hazardous mercury found in fluorescent
lamps. Mercury, present in various artificial sources like
batteries and paints, poses a threat to human health and
ecosystems [9]. Switching from fluorescent to LED lights
is a commendable step for environmental improvement.

Numerous  prior studies extensively explored
implementing LED lights in industrial offices to save
electrical energy, covering key concepts like energy
efficiency, system design, simulation, and optimization
for maximum efficiency. Zou et al. [10] developed a study
on a Wi-Fi-based lighting control system for Smart
Buildings in order to reduce energy efficiency. A separate
study delves deeply into the simulation, offering valuable
insights into the performance of LED lighting across
diverse situational scenarios in industrial office spaces.
Manolis et al. [11] provided an example of a study of
lamps on the market to reduce energy efficiency in office

buildings. In the context of direct applications, several
studies highlight the successful implementation of LED
lighting in achieving significant energy savings in various
types of industrial offices. Montoya et al. [12] and Gnana
et al. [13] summarized that LED lamps have a big impact
on energy efficiency in the office sector. Vandenbogaerde
etal.[14] explore the incorporation of lighting technology
through Building Management Systems (BMS), aiming to
enhance energy efficiency in office buildings. This
comprehensive literature review delves into diverse
dimensions to provide a holistic perspective on the
influence of LED lighting on optimizing electrical energy
utilization  within  industrial office environments.
Additionally, it examines strategies for curbing energy
consumption in office settings, offering a thorough
analysis of the subject.

Based on this review, many studies have discussed the
energy-saving performance of lamps in industrial offices.
This discussion focuses more on knowledge,
comparisons, and frameworks to provide efficient
measures to promote the sustainability of energy
efficiency in LED lighting technology [15, 16]. However, no
study in the office industry discusses in detail how to
measure energy savings, especially using the method of
energy con-sumed and comparison cost. Although
Hemmerling et al. [17] and Vandenbogaerde et al. [14]
have discussed energy-saving calculations using the
software DIALux and the integration of lighting
technologies with BMS, the discussion was,
unfortunately, more about the individual process.
Especially in the office industry, the elucidation currently
lacks an incorporation of the expenditure cost
comparison program.

To address these gaps, this paper discusses the
sustainable energy savings measurement in the LED
lighting parts in office industries to provide a
comprehensive view of potential energy savings in
transitioning from FL lamps to LED lamps in industrial
offices, contributing to energy efficiency in these
buildings. The aim of the study is to bridge a noticeable
gap within existing literature concerning the lack of
detailed methodologies for accurately measuring energy
savings, particularly in the context of transitioning from
FL lamps to LED lamps within industrial office
environments. This research endeavors to introduce a
sustainable energy savings measurement framework
specifically tailored for LED lighting in office industries,
aiming to provide a comprehensive understanding of the
potential energy savings achievable through such a
transition.
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Table 1. Material datasheet comparison of TL lamps and LED lamps.

Lamp Type Philips TL5 Essential 28W/840 Philips RC100B LED54S 840
Nominal Usage Per 15.000 hr 50.000 hr
Color Code 840 (CCT of 4000K) 4000K
Light Flux 2.900 Im x 2 (5.800Im) 5.400 Im
Lighting Power 94Im/W 122Im/W
Color Rendering Index 82 80
Power Consumption 27.8 Wx 2 (55.6 W) 44 W
Driver/System No Dali driver, POE
of this industrial office building exhibits uniformity across
each of its three floors, thereby ensuring a consistent and
— cohesive layout throughout the entire structure. This
7 T / ~ design is crafted using a simulation method facilitated by
’ i DIALux software.
/ Based on the International Standard (IEC), specifically by
'3 "IEC 60598,” and Indonesian National Standard (SNI) “SNI
6197:2011," it is explicitly delineated that the prescribed
(a) (b) luminance standards for office spaces fall within the

Figure 1. Material sample for TL 5 lamp and LED lamp, a).
Philips FL TL5, b). Philips LED RC100B [18, 19].

2. Materials and Methods
2.1. Material

In this research, the author compared the types of lamps
that were used in design simulations in industrial offices
for the first type using TL5 Essential 28W/840 lamps and
the second type using RC100B LED54S 840 lamps;
material sample can be seen in Figure 1. Within the
context of FL T5-type lamps, a notable distinction lies in
the structural arrangement, where the armature and
tube lamp panels manifest as different parts. In stark
contrast, LED lamps exhibit a different configuration,
wherein the armature and tube lamp panels seamlessly
integrate into a singular unit. This design underscores a
pivotal divergence between the two lighting lamp
technologies.

Table 1 explained the datasheet material regarding the
two lamps that were to be used, highlighting that the
performance over time for LED lamps was longer than for
FL lamps. While the power consumption of each lamp is
listed in the table, LED is 44W and FL is 55.6W.

2.2. Layout: Result Assessment

As shown in Figure 2, a comprehensive layout plan is
presented for an industrial office simulation, delineating
the architectural features and configuration of the
structure. The building's dimensions are specified,
measuring 24.3 meters in length and 12 meters in width
while reaching a height of 3 meters. Notably, the design

range of 300 to 750 lux. The precise lux requirements are
contingent upon the distinct nature of the room under
consideration within which the simulation calculations
are slated to transpire. To gain a comprehensive
understanding of the average lighting levels mandated
for the accurate emulation of illumination in industrial
office settings, a detailed breakdown is provided in Table
2 for reference and further elucidation.

2.3. Simulation

DIALux, a freely accessible and user-friendly computer
software, is widely employed for simulating and
visualizing lighting in various environments [20, 21]. This
tool facilitates the creation of virtual spaces,
encompassing both daylight and artificial light conditions,
and offers versatile simulations for buildings, rooms, and
outdoor areas [22-24]. Users can analyze lighting system
performance in specific locations and object
environments, presenting results through numerical
data, graphs, and images [25, 26]. As exemplified by
Moadab et al. [27]. Compared to Smart lighting versus
conventional lighting in apartments using DIALux, the
software proves valuable for assessing lighting quality
and achieving energy cost savings. In summary, DIALux
serves as an effective tool for comprehensive lighting
evaluations.

2.4. Method

The determination of the number of light points required
within a given space can be achieved through the
application of the formula encapsulated in Equation 1,
where various parameters and considerations are
systematically integrated to ascertain an accurate and
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Figure 2. Layout plan for industrial office simulation, a). Floor plan, b). Layout plan.

Table 2. Lux levels SNI 6197: 2011.

Room Function

Avg Lighting Level (£.,,) Min. (lux)

Min. Color rendering

Reception Room 300
Director Room 350
Workspace 350
Computer Room 150
Meeting Room 300
Image Space 750
Archive Room 150
Active Archive Room 350
Emergency Stairwell 100
Parking Space 100

80
80
80
80
80
80
80
80
80
80

optimal configuration for illuminating the designated
room.

Elw

N=—™ _
0.L,.CU,

®

Where, N is representing the number of light points, E
[lux] is signifying the desired lighting intensity measured,
lw [meter] is denote the length and width of the room, 6
[lumen] is encapsulates the total lumen output of the
lamps being considered a parameter readily available in

the lamp catalogue earmarked for simulation, L, [0.7-
0.8] is assumes a value within the range of 0.7 to 0.8,
influencing the overall lighting equation, CU [50%-65%] is
plays a pivotal role, fluctuating between 50% and 65%,
and nis stands for the number of lamps essential to
achieving the stipulated lighting conditions. This
multifaceted formula integrates these diverse elements,
ensuring a comprehensive and nuanced approach to
determining the optimal lighting configuration for the
specified room.
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Figure 3. Plan of light points in an industrial office.
Table 3. Surface list Philips TL5 essential 28W x 2 840.
No Room Type Grid Eav [Ix] uo Emin / Emax
1 Office - 5 Perpend. 128x128 301 0.336 0.213
2 Office -4 Perpend. 128x128 253 0.323 0.188
3 Office -3 Perpend. 128x128 308 0.641 0.421
4 Office - 2 Perpend. 128x128 273 0.334 0.199
5 Office - 1 Perpend. 128x128 310 0.658 0.432
6 Office - 6 Perpend. 32x32 288 0.674 0.427
7 Office -7 Perpend. 128x128 295 0.314 0.195
8 Office - 8 Perpend. 128x128 296 0.480 0.305
9 Office - 9 Perpend. 128x128 296 0.488 0.310
10 Office - 10 Perpend. 128x128 300 0.367 0.234
Table 4. Surface list Philips RC100B LED 54S 840.

No Room Type Grid Eav [Ix] uo Emin/Emax
1 Office - 5 Perpend. 128x128 479 0.292 0.203
2 Office -4 Perpend. 128x128 400 0.343 0.240
3 Office -3 Perpend. 128x128 495 0.654 0.496
4 Office - 2 Perpend. 128x128 440 0.337 0.226
5 Office - 1 Perpend. 128x128 500 0.662 0.505
6 Office - 6 Perpend. 32x32 462 0.645 0.497
7 Office-7 Perpend. 128x128 470 0.303 0.206
8 Office - 8 Perpend. 128x128 472 0.475 0.349
9 Office - 9 Perpend. 128x128 472 0.493 0.363
10 Office - 10 Perpend. 128x128 476 0.360 0.265

As shown in Figure 3 illustrates the calculated distribution
of light points for various rooms using DIALux software,
such as 2 points for Offices n1, n2, and n3, 3 points for
Offices n4, n5, n7, n8, n9, and n10, 2 points for Office n6,
and 3 points for the corridor.

Table 3 presents the outcomes of calculations conducted
through the DIALux software, referenced in Figure 3,
offering insights into the lighting assessments for office
spaces utilizing FL T5 lamps. Notably, the lux values for
various offices are detailed, with Office n5 achieving an
average of 301 lux, Office n4 registering 253 lux, Office n3

attaining 308 lux, Office n2 recording 273 lux, Office n1
reaching 310 lux, Office n6é maintaining 288 lux, Office n7
securing 295 lux, and Offices n8, n9, and n10 each
registering 296 lux. It is noteworthy that the calculated
average lux values for all offices mentioned align with the
stipulated SNI standard criteria.

Table 4 presents the subsequent simulation results
employing a distinct luminaire, specifically the RC100B
LED lamp, utilizing the DIALux software with reference to
Figure 3. The outcomes encompass various office spaces,
revealing average lux values such as 479 for Office n5,400
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Figure 4. False lux color rendering at office: (a) TL5 28W x 2, (b) RC100B LED 54S.

for Office n4, 495 for Office n3, 440 for Office n2, 500 for
Office n1, 462 for Office n6, 470 for Office n7, and 472 for
Offices n8, n9, and n10. Notably, these calculated average
lux values consistently adhere to the stipulated SNI
standard criteria.

Figure 4a provides an insightful depiction of the color
rendering outcomes for industrial office buildings
employing FL T5 lamps. This representation elucidates
the distribution of lighting within the space by grouping it
on an illumination or luminance scale and visually
presenting it through an array of colors.

Figure 4b visually presents the color rendering outcomes
for industrial office buildings utilizing RC 100B LED lamps.
These results underscore the superior quality of lighting
distribution compared to FL T5 lamps, demonstrating an

enhanced and commendable color rendering
performance.

The false color rendering depicted in both Figure 4a and
4b serves as a visual indicator of the lighting spectrum's
effectiveness in achieving optimal distribution within a
room. A visual cue is provided, where black hues signify
areas where the lights fail to adequately illuminate corner
points. In such instances, recalculations become
imperative to ensure that each room receives adequate
illumination from the lamps.

Smart buildings employ a myriad of automated
processes that seamlessly collaborate to oversee and
manage essential building systems, encompassing HVAC,
lighting, electricity, utility consumption, and closed-circuit
cameras. At the core of this technology are
interconnected devices and a BMS capable of effective

Page | 6 .



Leuser Journal of Environmental Studies, Vol. 2, No. 1, 2024

|
— ‘ — — — — — — — — —
v v v ¢ ¥ v ¢ ] v
[tvac) —
| —
— — | ] — — —— — — I ——— | )|
v , — = z ; *j ‘BM“ NETWORK |
T T T T T T T (]
v v v v v 7 v v v J é
iwd) | @ = | [BMs GaTEwaY
= | =)= J
— == [Br VS CONTROL |
—— o S o S - — — m— — — - 6Y5[Lr\1
v v v v v =K v v v ¢ :LeoucHTnG
vAc) i E== AR CONDITIONING
@’ LIGHTING CONTROL

[HVAC HVAC CONTROL

Figure 5. Topology BMS for lighting control.

communication and execution of intricate instructions
tailored to the real-time conditions of diverse
subsystems. Facilitating this dynamic communication
network necessitates advanced software and hardware
solutions that enable the coordination, monitoring, and
control of wvarious building elements over the
interconnected network. lllustrated in Figure 5 is the
technological advancement in the industrial office
building, highlighting the implementation of an upgraded
lighting control system through the BMS. Notably, this
BMS enables dynamic control of the lighting system in
real time, facilitating adjustments based on a
predetermined schedule mutually agreed upon by the
building owner.

Employing BMS for lighting control, the author presents
a simulation outlining temporal constraints, restricting
the operation of lights from 8:00 am to 8:00 pm within a
12-hour timeframe.

3. Results and Discussion
3.1. Results

This study conducts a comparative analysis between FL
lamps and LED lamps, as illustrated in Figure 1 for a
sample of the lamps. Additionally, the research presents
the findings of a cost comparison between FL lamps and
LED lamps over a one-year duration and also provides a
cost comparison of LED lamps using BMS and without
BMS.

The graphical representation in Figure 6a. delineates the
lux calculations for FL lamps versus LED lamps, delineates

the lux calculations for FL lamps versus LED lamps,
revealing that LED lamps offer superior illumination
compared to FL lamps. Importantly, the lux values for
each lamp in this comparison consistently adhere to the
national and international standard criteria.

In Figure 6b, the comparison of load consumption
between FL lamps and LED lamps reveals that the latter
demonstrates commendable energy efficiency. The
graph illustrates that LED lamps exhibit superior energy
consumption values in contrast to FL lamps, with an
average improvement of 21%. Emphasizing the potential
for energy savings, especially in lamp load utilization,
adopting LED lamps is recommended for enhanced
energy efficiency within the building.

The subsequent phase involves a detailed analysis of
monthly cost expenditures, focusing on the comparison
between FL lamps and LED lamps. lllustrated in Figure 6c.
The yearly cost projection reflects an average daily light
usage of approximately 18 hours, spanning from 6:00 am
to 1:00 am. Notably, the lighting system employs
conventional control methods, with lights being switched
on or off using a simple ON/OFF mechanism. This
operational approach translates into an average monthly
cost savings of 21%.

As shown in Table 5 are the outcomes of a meticulous
monthly cost comparison between FL lamps and LED
lamps, referencing the light point data outlined in Figure
3. Notably, the results demonstrate a consistent pattern
where the monthly cost associated with FL lamps
surpasses that of LED lamps. This discrepancy can be
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Figure 6. Comparison bar graph. (a) Lux comparison table for FL lamp and LED lamp, (b) Load consumption comparison
table for FL lamp and LED lamp (c) Cost comparison FL lamp and LED lamp, (d) Cost comparison LED lamp without BMS
and LED lamp with BMS system.

attributed to the higher power output of FL lamps as
opposed to LED light a distinction further elucidated in
Table 1.

The next discussion shown in Figure 6d. show illustrates
the comparison graph, showcasing notably substantial
outcomes of advanced lighting control systems utilizing
BMS operations, as opposed to conventional
counterparts use switch on/off. The cost efficiency of LED
lamps integrated with BMS surpasses that of controlled
LED lamps in conventional systems.

Examining Table 6 reveals a noteworthy average cost
savings of 35% when comparing the use of LED lights with
BMS control to LED lights with conventional control. This
approach proves highly advantageous for achieving cost
reductions, particularly in the context of LED lighting
technology implementation within industrial office
buildings.

3.2. Discussion

The strategic selection of LED technology aligned with
needs, coupled with technological advancements on a

BMS basis integrated with the Internet of Things (IoT). As
per research [28], energy conservation is achievable by
leveraging 10T to create smart offices, aiding remotely in
electricity monitoring. Consequently, studying
technological advancements becomes imperative for
optimizing energy efficiency. Furthermore, various
technologies are emerging that integrate smart lighting
with the IoT, enabling the monitoring of electricity usage
to facilitate energy conservation [29].

Involves a strategic emphasis on energy efficiency within
industrial  offices beyond the lighting system,
encompassing discussions on other integral systems
such as HVAC [30]. This strategic approach stems from
the recognition that the energy efficiency percentage
within the lighting system discussion, while significant,
does not constitute a substantial portion due to the
predominant load imposed by air conditioning in
industrial office buildings. The rationale behind this
emphasis is rooted in the overarching goal of attaining
optimal energy efficiency throughout the entirety of a
building. Moreover, it is crucial to underscore the
significance of optimizing other energy-consuming
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Table 5. Cost comparison FL T5 and LED RC 100.

Energy Cost/Month Energy Cost/Month Saving Energy
Month Time Usage/days FL TS5 Lamp LED RC 100 (%)
(IDR) (IDR)
Jan 18 1.480.000 1.171.000 21%
Feb 19 1.562.000 1.236.000 21%
Mar 18 1.480.000 1.171.000 21%
Apr 19 1.562.000 1.236.000 21%
May 18 1.480.000 1.171.000 21%
June 20 1.644.000 1.301.000 21%
July 18 1.480.000 1.171.000 21%
Aug 19 1.562.000 1.236.000 21%
Sep 17 1.398.000 1.106.000 21%
Oct 18 1.480.000 1.171.000 21%
Nov 19 1.562.000 1.236.000 21%
Dec 18 1.480.000 1.171.000 21%
Avg 18 1.514.000 1.198.000 21%
Table 6. Cost comparison Lighting LED without BMS and LED with BMS system.
. . Cost sum. Cost sum. E.
Month Op- Téﬂz w/o  Op. T':&suse w/ LED w/o BMS LED w/ BMS saved
(IDR) (IDR) (%)
Jan 18 12 1.171.000 781.000 33%
Feb 19 12 1.236.000 781.000 37%
Mar 18 12 1.171.000 781.000 33%
Apr 19 12 1.236.000 781.000 37%
May 18 12 1.171.000 781.000 33%
June 20 12 1.301.000 781.000 40%
July 18 12 1.171.000 781.000 33%
Aug 19 12 1.236.000 781.000 37%
Sep 17 12 1.106.000 781.000 29%
Oct 18 12 1.171.000 781.000 33%
Nov 19 12 1.236.000 781.000 37%
Dec 18 12 1.171.000 781.000 33%
Avg 18 12 1.514.000 781.000 35%
systems, such as air conditioning, for overall efficiency the environment but also enhances economic

[30].

sustainability [28].

Imperative to delve into discussions concerning strategic
technological advancements about Lighting Technologies
seamlessly integrated with PV Solar as the primary power
source. This discussion assumes paramount importance
in the contemporary epoch marked by the transition
from fossil energy reliance to the adoption of renewable
energy sources [31]. Furthermore, advancements in the
utilization of solar photovoltaic (PV) technology within
buildings not only contribute to energy cost savings but
also yield environmentally beneficial effects, promoting a
greener impact on the surrounding environment [32].
The research outcomes offer a comprehensive
perspective, shedding light on the intricacies of energy
efficiency endeavors. The initiative to transition from FL
lamps to LED lamps, particularly within industrial offices
and across various industries, yields profoundly positive
impacts. This shift towards environmentally friendly and
energy-efficient lighting not only contributes positively to

The practical application of this research is not only in the
office industry but can also be applied to other industries
and building management with adjustments as
necessary. This research contributes to achieving energy
savings with a proper energy management control
system (EMCS) and energy goal setting. Concept of
Information Control Systems for Green Manufacturing
Industries with loT-Based Energy Efficiency and
Productivity [33]. Reducing energy and water
consumption in the textile dyeing Industry with reuse
wastewater [34], Potential energy efficiency and solar
energy applications in a small industrial [35], and energy
efficiency in aluminum parts industries with EMCS as well
as energy efficiency with exhaust hot air for the scrap
process [36, 37].

4. Conclusions

The development of energy-saving baselines for
measurements in industrial offices has been
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comprehensively discussed. Basic data development
must analyze process flows and data extensively for
better understanding. Baseline uses the ratio of energy
consumed per month and year by comparison. Some of
the main findings can be summarized. First, based on
comparative  calculations between the energy
consumption of TL lamps and LED lamps, LED lamps have
a better efficiency value of 21%. However, the impact of
lamps on energy efficiency is relatively modest,
constituting only 21% to 30% of energy consumption on
average. In contrast, air conditioning exerts the most
significant influence, accounting for 60% of energy
consumption, with elevators and other systems making
up 6% and 4%, respectively. Beyond these
considerations, there is a pressing need for the
advancement of lighting technology in industrial office
buildings, particularly in conjunction with Solar PV as an
energy source.

Apart from that, technological developments in industrial
office spaces are very important; with BMS as the main
example. BMS by efficiently monitoring and controlling
various systems through the building network empowers
precise regulation of time utilization within the electrical
infrastructure of office industries, notably optimizing
energy consumption in vital components such as AC and
lighting systems. This system will help achieve energy
efficiency in an industrial office building.
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