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ARTICLE INFO ABSTRACT

Introduction: Lighting in the room varies, this is adjusted to the
activities carried out in the room. Each room has its own lighting
standards. The provision of electric power must meet sufficient capacity
to serve the load. The construction of the Tadulako University College
Hospital project cannot be separated from the need for electricity. In this
building, electric power is used to meet lighting, air conditioning and
medical needs. Method: This study uses a comparative analysis method

Keywords to determine the suitability between the lighting calculation results and
Lighting established standards, as well as a quantitative method in calculating
Electric Power lighting factors. Results and Disscussion: This study shows that the use
Tadulako University of Downlight and LED Panel lamps at Tadulako University Hospital has
LED Panels met the standards of PERMENKES NO. 24 of 2016. Downlights are used

in public spaces and corridors because they provide more focused and
bright lighting, while LED Panels are used in special rooms for the
comfort of patients and medical personnel. The trial showed that all
rooms comply with the established lighting standards. Conclusion: This
study concluded that the lighting system in Tadulako University Hospital
using Downlight and LED Panel lamps has met the standards set by
PERMENKES NO. 24 of 2016. LED Panel lamps are used in certain
rooms to provide comfort for patients and medical personnel, while
Downlight lamps are used in public rooms and corridors because the
lighting is more focused and bright.

This is an open access article under the CC-BY-SA license.

1. Introduction

The Tadulako University Higher Education Hospital (RSPT) Palu City was built in 2010 in the
capital city of Central Sulawesi Province and is located in the campus area [1]. Based on UUD no. 20
of 2013 concerning Medical Education article 40 (1) the Faculty of Medicine and the Faculty of
Dentistry can only collaborate with the Main Teaching Hospital, therefore the Tadulako University
Higher Education Hospital was established [2].

After the earthquake disaster on September 28 2018 in Palu City, Central Sulawesi, it had an impact
on the buildings and infrastructure supporting education at the University [3,4,5,6]. Therefore, in
2022, a Planning Team for the Tadulako University Hospital was formed with the aim of rebuilding
the Tadulako University Hospital so that it can operate as it should for its original purpose, and this
planning is supervised by the Ministry Of PUPR, the Ministry of Education and Culture, and the
Ministry of Health.

The provision of electric power must meet sufficient capacity to serve the load. The construction
of the Tadulako University College Hospital project cannot be separated from the need for electricity.
In this building, electric power is used to meet lighting, air conditioning, and medical needs.
Installation in a hospital building must be reliable and safe because it involves the safety of human
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lives. So the availability of electric power is now a vital requirement for hospitals with various
electronic equipment (medical and non-medical) to support work operations [7].

2. Research Method

There are several parameters that must be considered when you want to carry out illumination
calculations, namely:

1. Hlumination intensity (Lux)

Light Intensity/lllumination (E) is the light current that falls on the surface of an area per square
meter, the units are Lux or Lumen/m2.

2. Luminance Level (Lumen)

Luminance Level (®) is the total amount of light emitted by a light source in one second, the
unit is Lumen (Im). To find out the lumen value of a lamp, you can look at the lamp boxes that are
purchased in general.

3. Utility Factor (Coefficient of Utilization)

The utility factor can be determined using a lighting efficiency table by finding the correct
room index (K) value using the formula in equation (1), as follows:

K= Length x Width
~ height of space x (Length + Width)

If the value (k) does not appear correctly in the existing table of lighting systems, efficiency,
and depreciation, then the utility factor is obtained using an interpolation method such as equation
(2), namely:

1
CU = kpy + 75— (kp2 — kpy)

Table 1. Lighting Efficiency System Table

Faktor refleksi dari ceiling, dinding

dan lantai

Plafond | 80% 80% | 70% 70% 70% 70% | 50% 50% | 30% 30%
Dinding | 50% 50% | 50% 50% 50% 30% | 30% 10% | 30% 10%
Lantai | 30% 10% |30% 20% 10% 10% | 10% 10% | 10% 10%
INDEX 2 |3 4|56 ] 7|89 1|1
1 060 [0.380.37|038|0.37]0.36|031030|0270.300.27
080 [048 045|047 |046| 045|040 039036039035
100 |0.56|052|0550.53] 051|046 046|042 045|042
125 [0.63|057|061|059|057|052 052|049 051048
200 [0.75|0.67|0.73|0.69 | 0.66 | 0.63 | 0.62 | 0.60 | 0.61 | 0.59
300 [082/072|080|0.75]0.71|0.69 | 0.68 | 0.66 | 0.67 | 0.65
500 [0.880.75]0850.80]0.75]0.73 | 0.72| 0.70 | 0.70 | 0.69

~N o U~ W

4. Light Loss Factor (LLF)

Light loss factor (LLF) The light loss factor is a comparison of the lighting level after a certain
period of time when the lighting installation has been used with the lighting level at the time the
new installation was used [8]. Usually, the depreciation coefficient is determined based on estimates.
Light loss factors are divided into two, namely non-recoverable factors and recoverable factors. The
non-recoverable consists of;
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a. Luminaire Ambient Temperature (LAT), or the temperature near the luminaire.
Temperatures above 250° Celsius in fluorescent lamps will lose 1% of light for every 10° Celsius
increase in temperature [9]. If the lamp operates in a normal environment according to the factory
design LAT = 1. The normal environment is a condition that is in accordance with the manufacturer's
instructions to the lamp manufacturer.

b. Voltage Variation (VV), or variations in electrical voltage. It shows that if a 1%
transformation in electric voltage will affect up to 3% of the lumens in an incandescent lamp if the
lamp is operated at the appropriate voltage it will produce VV = 1.

c. Luminaire Surface Depreciation (LSD), or depreciation on the surface of the luminaire.
Deterioration of the quality of the luminaire surface, such as covers that change color, reflectors that
are scratched, and other things that will affect the quantity or quality of lighting in the room.

d. Ballast Factor (BF), or ballast factor. Where the ballast used in luminaires is sometimes
different from what is stated in the technical data, this results in frequent errors or mistakes in
calculations.

5. The Recoverable factor includes the following parts:

a. Luminaire Dirt Depreciation (LLD), is the depreciation of light caused by the accumulation
of dirt in the luminaire. This is due to the influence of the luminaire, environmental conditions, and
time for regular cleaning of the luminaire.

b. Room Surface Dirt Depreciation (RSDD), is light depreciation which occurs as a result of
the accumulation of dirt on room surfaces. Lighting that often uses reflections will be more
susceptible to causing a buildup of dirt, namely dust, and others.

c. Lamp Lumen Depreciation (LDD), is a factor that depends on the type of lamp and the time
itis replaced.

d. Lamp Burnout (LBO), is the estimated number of lamps that have died before the previously
planned replacement schedule. If the lights change completely, then LBO = 1, but if the lights only
change when the lights are off, then LBO = 0.95.

So, it can be formulated to find LLF as equation (3).
LLF = (1.0) (RSDD x LLD x LBO x LDD)

If the level of contamination is unknown, the depression factor used is 0.8. (Muhaimin, 2001).

6. Number of Lights

After determining several parameters above, to find the number of lights, use the following
equation (4):
. E XA
~ ® xCU x LLF

Information:
N = Number of armatures (light points)
E = lllumination intensity (Lux)

A = Area of the room (meters)
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| = lllumination level (lumen)
CU= Utility Factor
LLF = Light loss factor
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Fig 1. Flowcart Research

3. Results and Discussion

3.1 Research result

After collecting the necessary data, an analysis of the calculation of lighting requirements at
Tadulako University Hospital is then carried out so that it is in accordance with the Republic of
Indonesia Minister of Health Regulation NO.24 of 2016.

1. The lights used

Downlights (1800 Im & 1400 Im). Downlights are used in public rooms and corridors because these
lamps have more focused and bright lighting so they are very suitable for use in corridors.

Excess :
. More focused and brighter lighting

. Installation and maintenance of the lights is not difficult
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. Prices are relatively cheap
Lack :
. In hot conditions it can reduce the life of the lamp

Led Panel (3600 Im). Led Panels are used in special rooms so that patients feel comfortable and
also medical personnel can work more comfortably because this type of LED panel light has the
advantage of being comfortable for the eyesight (does not create glare)

Excess :

. Lifespan and Durability

. Environmentally friendly

. More comfortable for eyesight
Lack :

. Cost

. Size

Calculation Example:
1. VIP class treatment room
Utility Factor (CU):
P=6.35m
L=535m
H=240m
Question : Space Index (k) =?
Utility factor (CU) =?

PxL

Hx (P+L)
6,35 5,35

= 2,40% (6,3545,35)
k=1.21

Solution: k =

So when the space index value has been obtained, the author can determine the CU value
using the Lighting Efficiency table as in table 2.1 and obtain the CU value, namely = 0.56

Number of Lamps / Armature:

E =200 lux
A=33.97m
®= 3,600 Im
CU=0.56
LLF=1
Question : N =?
Solution: N = __ExA
® x CU x LLF
_200x33,97
"~ 3600x0,56x1
_ 6.794
T 2016
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N =3.37

When we get the value of N, we round it to the nearest number, like the calculation above which

gets the number 3.37, so we round it to 3, then the value of N is 3.
2. Polyclinic Room:

Utility Factor (CU):

P=435m
L=2.85m
H=3m

Question: Space Index (k) =?

Utility factor (CU) =?

PxL
Hx (P+L)

Solution:k =

_ 435x285
T 3x(4,35+2,85)

k=0.57

Because the k value is not found in the lighting efficiency table, the utility factor can be determined

using an interpolation method such as equation (2), namely:

1
CU = kpy + 17 (kp2 — kp1)

cU =036+ 2277060 s 036
o 0,80—0,60(' ,36)
cU =036+ —203 49

o 0,20(')

CU =0,36+ —0,15x0,9)
CU = 0,3465 dibulatkan menjadi 0,35
Number of Lamps / Armature:

: E =200 lux
A=1240m
® = 3,600 Im
Cu=0.35
LLF=1
Question: N =?
Solution: N = __ExA
®xCUxLLF
200 x 12,40
T 3600x0,35x 1
2480
T 1.260
N =1.96
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When we get the value N, we round it to the nearest number, like the calculation above which gets
the number 1.96, so we round it to 2, then the value of N is 2.
3. Consultation Room:
Utility Factor (CU):
P=290m
L=288m
H=3m
Question: Space Index (k) =?
Utility factor (CU) =?

. o PxL
Solution:k = Hx (i)

_ 2,90x2,88
T 3x(2,90+2,88)
k=0.48
Because the k value is not found in the lighting efficiency table, the utility factor can be
determined using an interpolation method such as equation (2), namely:

1
CU = kp, + m(kpz — kpy)

cU =036+ 2387060 0 s 036
Y 0,80—0,60(' ,36)
cU =036+ —22 09

Y 0,20(’)

CU =036+ —0,6x0,9)
CU = 0,306 dibulatkan menjadi 0,31
Number of Lamps / Armature:

E =200 lux
A=8.35m
®= 3,600 Im
Cu=0.31
LLF=1
Question : N =?
Solution:
N ExA
®x CUx LLF
N 200 x 8,35
3600x0,31x1
1.670
1.116
N =1.49

When we get the value N, we round it to the nearest number, like the calculation above which gets

the number 1.49, so we round it to 1, then the value of N is 1.

3.2 The calculation results
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Table 2. Calculation Results for Building A Floor 1

Room Length (m) Width (m) Area (m?) Height (m) Room Index
Waiting Room 2.9 2.88 8.35 3.0 0.38
Consultation Room 4,35 2.85 12.4 3.0 0.57
Poli Room 14.35 1.85 26.55 24 0.68
Lab Room 17.27 845 145.93 3.0 1.89
ER Room 6.85 3.65 25.0 3.0 0.79
Delivery Room 15.85 14.85 235.37 24 3.19
ICU 15.85 3.7 11.61 24 0.65
Class | Room 2.85 1.65 4.7 3.0 0.54
Admin Room 4,85 3.35 16.26 3.0 0.25

Decontamination

3.4 3.65 14.05 3.0 0.38
Room

Isolation Room 3.85 3.85 14.05 3.0 0.62

4. Conclusion

From the research results, the following conclusions were obtained: The lights used in

this calculation use Downlight and LED panel-type lights. Led panel lights are used only in
certain rooms, while Downlights are used in general rooms and corridors. The calculation
results show that all rooms are in accordance with the standards of PERMENKES NO. 24
of 2016 and use a maintenance factor of 1. Lamp lumens are determined by the type and
wattage of the lamp you want to use.

[1]

(2]

3]

[4]

References

B. A. Wandira, K. Suarayasa, and Parmin, "Study on the Development Needs of the Tadulako
General Hospital as Class B State University Hospital for Education (After the Palu City
Earthquake),” Journal of Medical Research and Health Sciences, vol. 5, no. 8, pp. 2190-2196,
Aug. 2022. doi: 10.52845/JMRHS/2022-5-8-8.

A. Kasim, K. Suarayasa, A. Purnamasari, and S. Supriyadi, "Fulfillment of the Right to Health
through Vaccination Services Covid-19 in Palu City - Central Sulawesi, Indonesia,” in Proc.
2nd Int. Conf. on Law and Human Rights, 2021, vol. 592, Advances in Social Science,
Education and Humanities Research, Atlantis Press, 2021.

W. Widiyanto, P. B. Santoso, S.-C. Hsiao, and R. T. Imananta, "Post-event field survey of 28
September 2018 Sulawesi earthquake and tsunami,” Nat. Hazards Earth Syst. Sci., vol. 19, no.
12, pp. 2781-2794, Dec. 2019, doi: 10.5194/nhess-19-2781-20109.

Darma, Y & Sulistyantara, Bambang & Yonvitner, Yonvitner. (2020). Analysis of Landscape
Impact on Post-Earthquake, Tsunami, and Liquefaction Disasters in Palu City, Central Sulawesi.

Yudizthiranda et.al (Analysis Of Calculation Of Illumination Needs At Tadulako University Hospital)



57

5]

(6]

[7]

(8]

(9]

Tadulako Science and Technology Journal e-ISSN 2776-4893

Vol. 4, No. 2, 2023, pp. 49-57

IOP Conference Series: Earth and Environmental Science. 501. 012003. 10.1088/1755-
1315/501/1/012003.

I. S. Wekke, Z. Sabara, M. A. Samad, A. Yani, T. Abbas, and R. Umam, "Earthquake, Tsunami,
and Society Cooperation: Early Findings in Palu Post of Indonesia Disaster," presented at the
Int. Conf. on Challenges and Opportunities of Sustainable Environmental Development
(ICCOSED), Universitas Prof. Dr. Moestopo (Beragama), Jakarta, Indonesia, Jan. 11-13, 20109.

Syifa M, Kadavi PR, Lee CW. An Artificial Intelligence Application for Post-Earthquake
Damage Mapping in Palu, Central Sulawesi, Indonesia. Sensors (Basel). 2019 Jan 28;19(3):542.
doi: 10.3390/s19030542. PMID: 30696050; PMCID: PMC6387209.

Himawan, d. (2017). Studi perencanaan kebutuhan daya listrik gedung poli Rumah Sakit Umum
Derah Kabupaten Sanggau

Bertin, Kevin & Canale, Laurent & Ben Abdellah, Oussama & Mequignon, Marc & Zissis,
Georges. (2019). Life Cycle Assessment of Lighting Systems and Light Loss Factor: A Case
Study for Indoor Workplaces in France. Electronics. 8. 10.3390/electronics8111278.

Tabaka, Przemystaw. (2015). Influence of ambient temperature on colour properties of low-
pressure fluorescent lamps. Light and Engineering. 23. 70-77.

Yudizthiranda et.al (Analysis Of Calculation Of Illumination Needs At Tadulako University Hospital)



