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Energy auditing is a method of increasing energy efficiency. An energy
audit is conducted to provide an overview of energy use, analyze the
electrical system, and determine potential cost savings. The laboratory of
the national food and drug agency (BPOM) in Manokwari has problems
with electricity that often cause interruptions, power outages, and
expensive bills. Therefore, this research was conducted to audit the energy
used in the laboratory of the BPOM of Manokwari, with a building area of
1,484 m? and an installed power of 105 kVA. In this laboratory building, a
diesel generator with capacity of 5 kVA is installed as a backup energy

source and the generator has its own installation line. According to the
calculation results before auditing, the energy consumption intensity (IKE)
value obtained per month is 10.18 kWh. Energy audit through lighting
loads and air conditioning systems. Then the recommendation through
energy savings for lights and air conditioners is 274.12 kWh/month and
639.32 kWh/month, respectively. Therefore, total savings are 913.44
kWh/month, or about IDR 1,541,886.72 /month.
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1. Introduction

Electrical energy is an important factor in the operations of an industry, company, or other
agency because it has a high degree of dependence on energy needs for its business
operations. Most of the electrical energy producers in Indonesia use fossil fuel energy
sources such as coal and oil. Fossil energy sources are non-renewable, causing energy
reserves to decrease. One of the methods used to efficiently use electrical energy is energy
conservation (Atiba et al,, 2019).

The energy conservation must consider the comfort and function of energy use so that,
if done correctly, it should not reduce the comfort and performance of reducing energy use.
The company's efforts to be able to meet this increased level of production certainly
increase the level of energy demand. Meeting the increasing demand for energy can be done
by building new power plants as an additional source of energy, which requires a lot of
money, time, and land to be able to meet the increasing demand from time to time, or
companies can carry out energy conservation to improve energy efficiency (Bergero &
Chiari, 2021). The Indonesian government has issued a policy regarding energy
conservation in an effort to increase the efficiency of the energy used. This process ncludes
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an energy audit, which is a method for calculating the level of energy consumption of a
building or buildings (Choir & Irawan, 2023).

An energy audit is an effort or activity to identify the type and amount of energy used in
the operating parts of an industry, factory, or building and identify possible energy savings.
The goal of an energy audit is to find ways to reduce energy consumption per unit of output
and reduce operating costs (Abdurrachim et al.,, 2022). The research in energy auditing has
been carried out in some buildings in Indonesia, such as in Gresik (Choir & Irawan, 2023),
Banten (Anagra, 2020), Denpasar (Surya Ganesputra et al., 2022), and Semarang (Agus,
2007).

The energy audit aims to determine the energy use profile of a building and seek efforts
to increase energy efficiency without reducing the comfort level of the building. An energy
audit is a technique used to calculate the amount of energy consumed and identify ways to
save it. Through an energy audit, we can find out patterns of energy distribution so that the
part that consumes the most energy can be identified and can provide opportunities for
energy savings if itis increased efficiently. The benefit that can be obtained from this energy
audit research is to know the profile of energy use and energy saving opportunities in
buildings to increase energy use efficiency, which causes energy use in these buildings to be
more effective and efficient so as to save costs (Mulyadi & Yudha, 2019).

The national food and drug agency (BPOM) is a non-ministerial government agency
responsible for drug and food control. As a government agency that continues to grow and
experience an increase in quantity and quality. To be able to carry out its functions in public
health, BPOM requires adequate facilities and infrastructure to support drug and food
control (BPOM, 2017).

The increase in the number of employees and the development of facilities and
infrastructure will result in increased utilization of electrical energy. Electrical problems
arise because an increase in the use of electrical energy will result in increased bill costs.
Another problem is that people are using more electricity, but the amount of electricity
available isn't growing at the same rate. This will cause problems like blackouts, blown
fuses, unstable power, and other things. In carrying out the audit process on buildings that
are more than 11 years old, it is suspected that there has been a decrease in the efficiency
of electrical equipment and an increase in energy consumption. If this is allowed, it will
affect building safety and comfort, energy efficiency, and drug and food testing processes
(Sonmez et al.,, 2022; Norhisham et al., 2022).

Another reason why research is done in the BPOM laboratory of Manokwari is because
of the office environment and the electricity. There are often interruptions and power
outages, so it is important to figure out how much electricity is being used to see if it is still
being used efficiently and to find other ways to save money. The results of the energy audit
can be used as a point of reference for the program to help the lab use electricity more
efficiently.

2. Literature Review

Energy auditing conducts the process of assessing and evaluating energy usage and
efficiency in a building, facility, or industrial process (Atiba et al, 2019). It involves a
systematic analysis of energy consumption patterns, equipment performance, and energy
conservation opportunities with the goal of identifying areas for improvement and cost
savings (Adewale et al., 2018). Therefore, the objectives of energy auditing revolve around
understanding energy usage (Chan etal., 2021), identifying inefficiencies (Bergero & Chiari,
2021), and providing recommendations to optimize energy consumption (Abdallah et al,,
2021), reduce costs (Adewale et al., 2018), and improve environmental sustainability
(Darshan et al.,, 2022a).
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One of the key objectives of energy auditing is to determine the current energy
consumption patterns and identify the major sources of energy usage within a facility. This
involves gathering data on energy consumption from utility bills, sub-metering, and other
measurement devices. In identifying energy consumption, energy auditors collect data on
energy usage, including electricity, gas, water, and other energy sources, to establish a
baseline of current consumption patterns. This data is typically obtained through utility
bills, sub-metering, and on-site measurements (Chan et al., 2021; Merabtine et al., 2018;
Nkwaze et al., 2019; Thakur et al., 2018).

Energy efficiency assestment is conducting to identify inefficiencies in buildings. Energy
auditing aims to identify cost-saving opportunities by reducing energy consumption and
improving energy efficiency. By implementing energy conservation measures,
organizations can lower their energy bills and operational costs, resulting in significant cost
savings over time (Bergero & Chiari, 2021; Caj¢ikova, 2016; Egwunatum & Akpokodje,
2019; Ghadi & Baniyounes, 2018).

The recommendations to optimize energy consumption are given after identifying
energy conservation opportunities. Energy auditors look for opportunities to reduce energy
consumption and improve efficiency. This may involve recommending equipment upgrades
or replacements, operational changes, behavior modifications, or implementing energy-
saving technologies such as LED lighting, energy management systems, or renewable
energy systems. They also consider the financial viability and payback periods of these
measures (Abdallah et al,, 2021; Chisale & Mangani, 2021; Hassan et al., 2022; Muhammad
etal, 2018),

In order to reduce the operational cost, it is needed to quantify the potential energy
savings. Another objective of energy auditing is to estimate the potential energy savings that
can be achieved by implementing the identified energy conservation measures. This helps
organizations understand the financial and environmental benefits of energy efficiency
improvements and prioritize the most impactful measures costs (Adewale et al., 2018;
Assimakopoulos et al., 2018; Azizul et al., 2023; Hafiz et al., 2018).

Environmental Sustainability is the other objectives of energy auditing. Energy audits
contribute to environmental sustainability by helping organizations reduce their carbon
footprint and energy-related environmental impacts. By optimizing energy usage and
promoting the use of renewable energy sources, energy audits support organizations in
their efforts to achieve sustainability goals and comply with environmental regulations
(Darshan et al,, 2022a; Darshan et al., 2022b; Deo & Rajput, 2021; Kumar & Kumar, 2020).

3. Methods

2.1. Energy Conservation

Energy is a quantity that is conceptually related to the transformation, process, or change
that occurs. This quantity is often associated with the transfer of a force or a change in
temperature, making it possible to determine the units of joules which is the transfer of 1
Newton of force per meter as well as specific heat that is the energy required to raise the
temperature by 1 degree per unit mass of material. For practical purposes, energy is often
associated with the amount of fuel or electricity consumed (Darshan et al., 2022b). Energy
is the ability to do work, which can be in the form of heat, light, mechanics, chemistry, or
electromagnetics (Karmiathi & Putra, 2022).

Every substance actually contains a certain amount of energy in it, which is called
internal energy. In a process, a substance can release some of its internal energy (in the
combustion process) or store energy that comes from the environment (heating a
substance). In conducting energy analysis, In a system, various calculation processes must
be carried out involving the amount of material, substance, and energy (Bin Norhisham et
al,, 2022).
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One of the most economical, easy, and safe ways to transmit energy is through electrical
energy. At the power plant, primary energy resources such as fossil fuels (oil, natural gas,
and coal), hydro, geothermal, and nuclear are converted into electrical energy. The
synchronous generator converts the mechanical energy generated by the turbine shaft into
three-phase electrical energy. Through step-up transformers, this electrical energy is sent
through high-voltage transmission lines to load centers. The increase in voltage is intended
to reduce the amount of current flowing through the transmission line. Thus, the high-
voltage transmission line will carry a low current flow, which means reducing the heat loss
that occurs, which is equal to I2 R. When the transmission line reaches the load center, the
voltage is again lowered to medium voltage with a step-down transformer (Supriyo et al.,
2022).

Conservation of energy resources is the management of energy resources that
guarantees their utilization and supply while maintaining and increasing their quality,
value, and diversity. Energy conservation is a systematic, planned, and integrated effort to
preserve domestic energy resources and increase the efficiency of their usage. The
implementation of energy conservation includes all stages of energy management
(BAKOREN, 1994).

The country of Indonesia is rich in energy sources, but its utilization so far has not been
balanced because it is too dependent on petroleum energy sources. Even though the energy
source of petroleum today is the most important source of income and the supply is limited,
Dependence on one source of energy, namely oil and its derivatives, cannot be allowed to
continue because energy demand will continue to increase, both due to increased industry
and population growth as well as an increase in people's welfare. Therefore, besides having
to quickly develop energy sources from non-fossil fuels such as biomass, biogas, and so on,
it must also try to be able to optimize the use of petroleum energy in a more precise, careful,
economical, and efficient manner in the context of implementing an energy conservation
program (Santika & Ruslan, 2022).

Reducing GHG emissions through energy savings is the policy step that is the easiest to
implement and has the lowest cost, so that it can be widely applied to all levels of society.
This energy policy is aimed at making the best use of available energy sources, and reducing
dependence on petroleum, with the understanding that energy conservation should not
become an obstacle to operational plans or development work (BAKOREN, 1994).

According to Indonesian standard (SNI) 03-6196-2000 concerning energy audit
procedures in buildings, the definition of energy conservation is an effort to make energy
use efficient for a need so that energy waste can be avoided. The success rate of efficient use
of energy is strongly influenced by behavior, habits, discipline, and public awareness of the
importance of saving energy. In addition to energy efficiency, another thing that can be done
is to maintain and repair electrical equipment so that control over energy use can be
monitored (Energy, 2007).

Policies regarding energy conservation are regulated in more detail in Energy Law No.
30 of 2007, article 25, which regulates energy conservation, namely (Energy, 2007):

e National Energy Conservation is the responsibility of the government, regional
governments, authorities, and the community.

e Energy users and producers of energy-saving equipment that implement energy
conservation are provided with facilities and/or incentives by the government and/or
regional governments.

e Users of energy sources and energy users who do not carry out energy conservation are
given disincentives by the government and/or regional governments.

e Further regulations regarding energy conservation will be set forth in a government
regulation.
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2.2. Energy Audits

Through an energy audit, one can find out the energy distribution pattern of a building so
that the part that consumes the most energy can be identified. From the results of an energy
audit, it can also be seen that there are large opportunities for potential energy savings if
efficiency is increased (Abdurrachim et al., 2002).

Energy audit activities are periodic checking activities to ensure that energy is used
appropriately, efficiently, and rationally. With an energy audit, indications of energy leaks
can be tracked and traced, which can then be determined by corrective steps. The scope of
energy activities includes:

e Identifying energy use, especially with regard to the type of energy, usage system, and
energy costs

e observation of the level of energy use in accordance with the conditions of the type of
use of the building.

e Know where the greatest potential for improving efficiency of use can be made.

e How to improve efficiency

Energy audits can be carried out at any time or according to a predetermined schedule.
There are three types of energy audits:

A. Short energy audit
A brief energy audit is the initial process of an energy audit activity, which includes the
collection of historical data on energy consumption, building area, installed capacity,
building occupancy load, and visual observations. The difference between a brief energy
audit and an initial energy audit is that a brief energy audit does not require measurements
on electrical equipment. The results of a brief energy audit activity are a portrait of the
building's energy use and recommendations for energy savings opportunities.

B. Initial Energy Audit
The purpose of the initial energy audit is to measure productivity and efficiency in energy
use and identify possible energy savings. As part of the first steps of an energy audit, data
about a building's energy use are collected using data that is already available. The data
includes:
e The required building documentation is a building technical drawing according to the

construction implementation, consisting of:

o Sites, plans, and sections of the entire floor of the building.

o Floor plan of the building's lighting installation.

o A diagram of one electricity line, complete with an explanation of the use of
electric power, the amount of connection to PLN's electricity, and the amount of
reserve electricity for backup generators.

e payment of the building's monthly electricity bill for the last one year.
e Calculate the energy consumption intensity (IKE) of a building with the equation 1 (Choir
& Irawan, 2023).

Energy Consumption Index (IKE) is a term used to determine the level of energy
consumption in a building where measured monthly. The value of the energy consumption
index is important to use as a benchmark for calculating potential energy savings that may
be applied to each room or the entire building area. By comparing the building energy
consumption index with national standards, it can be seen whether a room or the entire
building is efficient or not in using energy. The IKE value was obtained from an initial audit
of electrical energy at a facility of the agency concerned. The following is the formula for
calculating the IKE (Choir & Irawan, 2023).
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> Energy consumption (kwh)
Building width (m?)

IKE = (1)

Each building has IKE standards according to the function of the building. The following
is the standard IKE value of a building according to the Guidelines for Energy Conservation
and Monitoring of the Environment of the Ministry of National Education (Regulation No.
13,2012):

Table 1. IKE criteria for Buildings

Criteria Full AC Building Building Without AC
(kWh/m?2/Month) (kWh/m?2/Month)
Very Efficient <8.5 <3.4
Efficient 8,5-14 3.4-5.6
Efficient Enough 14-18.5 5.6-7.4
Wasteful >18.5 >7.4

Electricity energy consumption intensity (IKE) is the division between electricity
consumption in a certain period of time by a unit area of a building. Sectors that can be
counted include:

Specify the area of the building and the total area of the building (m?).
Building energy consumption per year (kWh/year)
Energy consumption intensity (IKE) of buildings per year (kWh/m2/year).
building energy costs (Rp/kWh).

According to the results of research conducted by ASEAN-USAID in 1987, whose report
was only issued in 1992, the target for the size of the energy consumption intensity (IKE) of
electricity for Indonesia is as follows (Choir & Irawan, 2023):

Table 2. IKE Value of Asean-USAID 1992 Standards

No Building Type Average IKE
(kWh/m?/tahun)
1 Office 240
2 Shopping center 330
3 Hotels / Apartments 300
4 Hospital 380

C. Detailed Energy Audit
A detailed energy audit is an energy audit that uses measuring instruments specially
installed in the facility to determine the amount of energy consumed (Agus, 2007).

A detailed energy audit is carried out to determine the profile of the building's energy
use so thatit can be identified which energy-using equipment uses a large amount of energy.
The activities carried out in a detailed energy audit are:

e Efficiency of Using Electric Loads

Steps taken to realize efficiency through the use of electrical loads include (Surya
Ganesputra et al., 2022):

a. Indoor loads that can be turned off without disrupting room functions are an
opportunity for energy savings; for example, turning off lights in the exterior
daytime zone if natural lighting is sufficient and turning off electronic loads when
not in use,

b. Atcoolingloads, in general, infiltration of outside air needs to be prevented because
it will be difficult to control room conditions to the maximum limit within the
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comfort zone. "On-off' systems are generally not recommended for energy
conservation because they are less able to adjust the capacity of the air conditioning
system to accommodate changes in load.
e Identification of Energy-Saving Opportunities
Identification of energy-saving opportunities is carried out in the following steps
(Mulyadi & Yudha, 2019):
a. The results of data collection are then followed up by calculating the amount of IKE
and compiling a building's energy use profile.
b. If the calculated IKE is equal to or less than the target IKE, then the detailed energy
audit can be stopped or continued to obtain an even lower IKE.
c. If the results are higher than the IKE target, it means there is an opportunity to
continue the next detailed energy audit process in order to obtain energy savings.
e Analysis of Energy-Saving Opportunities
When energy-saving opportunities have been identified, then it must be followed up
with an analysis of energy-saving opportunities, namely by comparing the potential for
energy-saving gains with the costs to be paid for implementing the recommended energy-
saving. Analysis of energy-saving opportunities can also be carried out using a computer
program that has been designed for that purpose and is recognized by the professional
community. Energy savings in buildings must still pay attention to the comfort of occupants.
Analysis of energy saving opportunities is carried out with efforts including (BAKOREN,
1994):
a. Reducing energy usage to a minimum (reducing installed and used power and
operating hours);
b. improving equipment performance; and
c. Using a cheap energy source.
2.3. Energy usage in buildings
A. Light Intensity
This lighting is defined by the amount of irradiation in a work area that is needed in order
to effectively carry out these activities. The Indonesian National Standard for light intensity
is shown in Table 3 (Surya Ganesputra et al., 2022).

Table 3. Room Light Intensity Standards

No Room Functions Lighting Level
(Lux)
1 Corridor 100
2 Canteen 200
3 Meeting Room 300
4 Library 300
5 Workspace/Office 300
6 Classroom 350
7 Laboratory 500
8 Drawing Room 750

Referring to Table 3, it shows the Light Intensity Standards at offices. In this study, the
light intensity standards used were between 100 and 750 lux because the existing rooms at
BPOM could consist of office and laboratory rooms.

B. Temperature and Humidity
The comfort of a room is influenced by temperature and humidity. Based on the Indonesian
National Standard, to increase the potential for energy savings but not reduce comfort at
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work, room temperature is set at a minimum range of 24°C to a maximum of 26°C and with
humidity between 50% and 70% (Surya Ganesputra et al., 2022).

2.4. Energy Auditing Procedures

Energy auditing can be performed by in-house energy managers or external energy
consulting firms with expertise in energy efficiency and conservation. It is an essential step
in developing effective energy management strategies, reducing energy costs, and meeting
sustainability goals. Additionally, energy audits may be required by regulatory bodies or for
compliance with energy efficiency standards or certification programs (Patel et al., 2023).

Energy auditing involves a systematic approach to assess energy consumption, identify

inefficiencies, and recommend energy-saving measures. Here is a general outline of the
steps involved in conducting an energy audit (MAUL, 2018):

Pre-Audit Preparation

Define the scope and objectives of the energy audit. Gather historical energy
consumption data, utility bills, and other relevant information. Obtain building plans,
equipment specifications, and operational data.

Site Visit and Data Collection

Conduct a walkthrough survey of the facility to observe energy-related systems,
equipment, and operational practices. Collect detailed information on energy-consuming
systems such as HVAC, lighting, motors, appliances, and processes. Record
measurements of key parameters such as temperatures, flow rates, operating hours, and
equipment ratings.

Energy Consumption Analysis

Analyze historical energy consumption data to understand consumption patterns, peak
demand, and seasonal variations. Break down energy usage by system, equipment, and
end-use to identify major energy consumers. Compare energy consumption against
industry benchmarks or similar facilities to identify areas for improvement.

Energy Performance Assessment

Evaluate the efficiency and performance of energy-consuming systems and equipment.
Review maintenance records, equipment age, and condition to identify potential
efficiency losses. Perform measurements, inspections, and tests to assess energy losses,
air leaks, insulation, and other efficiency-related factors.

Identify Energy Conservation Opportunities

Analyze the collected data and observations to identify energy-saving measures and
opportunities. Consider low-cost or no-cost measures such as behavioral changes,
optimizing equipment settings, and implementing preventive maintenance practices.
Explore equipment upgrades, retrofit options, and technology improvements to achieve
greater energy efficiency. Evaluate the feasibility, costs, and potential savings associated
with each identified opportunity.

Quantify Potential Savings and Financial Analysis

Estimate the energy and cost savings achievable by implementing the identified
measures. Conduct a financial analysis, considering factors such as implementation
costs, payback period, return on investment (ROI), and lifecycle cost analysis. Prioritize
measures based on their energy savings potential, financial viability, and alignment with
organizational goals.

Reporting and Recommendations

Prepare a comprehensive report summarizing the audit findings, analysis, and
recommendations. Present the report to stakeholders, including management, building
owners, or relevant departments. Provide clear and actionable recommendations,
including specific measures, implementation steps, and potential benefits. Suggest an
energy management plan for continuous monitoring, measurement, and verification of
energy savings.
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[t's important to note that the specific methods and procedures for energy auditing may
vary depending on the type of facility, industry, or regulatory requirements. Engaging
experienced energy auditors or energy management professionals can help ensure a
comprehensive and accurate assessment of energy usage and potential savings.

4. Results and Discussion
3.1. Electrical System
The BPOM laboratory of Manokwari is classified as a P1 customer with a power contract
>200 kVA and a tariff category of IDR 1,688/kWh. Payment for electricity consumption is
made every month based on the amount of energy used (kWh) recorded on the installed
kWh meter. The difference in usage between last month and the following month is the
number of kWh that must be paid by consumers. From the historical data on the use of
electrical energy in the BPOM laboratory of Manokwari, the number of kWh used in the
years 2020-2021 can be calculated, along with the total cost that must be paid for the use of
electrical energy in that period. The total kWh for the 2021 period is 227,240 kWh/year,
and this is equivalent to IDR 383,581,120 with the average tariff charged by government
electrical company (PLN) in the P1 tariff group (6.6-200 kVA), which is IDR 1,688 /kWh.
The demand of electricity in the BPOM laboratory of Manokwari is supplied from the
PLN distribution network. As a medium-voltage customer, this system is equipped with a
200 kVA step down transformer. With an installed power capacity of 105 kVA to serve the
entire load in the BPOM laboratory of Manokwari. In accordance with its needs, most of the
energy is used for lighting, room cooling, and to meet the needs of activities in the laboratory
building at BPOM laboratory of Manokwari. In addition to the electricity source from PLN
Manokwari, to maintain the availability of electricity when the power goes out, a genset unit
with a capacity of 450 kVA is used as a backup energy source.

3.2. Loads Grouping

The procedure of auditing energy starts by identifying the loads in a building as given by
(Karmiathi & Putra, 2022; Santika & Ruslan, 2022). The electrical load in the BPOM
laboratory of Manokwari consists of lights, air conditioners, and several other electronic
devices. According to the survey, the electrical equipment at the building is not used
throughout the day; therefore, those equipments will be categorized into six groups, which
can be seen in the following table.

Table 3. Load Group

Group | Operation/day Load
(hour) (kWh)
1 24 282.96
2 12 3.45
3 8 154.33
4 6 156.78
5 4 24.88
6 2 18.46
> 640.86

Based on the calculation of electric power consumption above, the total power from
load usage in one day for Monday to Friday is 640.86 kWh. On the other hand, there is a
special load that is operated on Saturdays and Sundays with a total power of 286.41 kWh.
Thus, energy and weekly and monthly costs can be shown in Table 4, with a basic rate of
IDR 1,688/kWh and under assumption there are 4 weeks in a month.

Table 4. Enegy and Cost
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Category Energy (kWh) Cost (IDR)
Weekly 3777.12 6,375,778.56
Monthly 15108.48 25,503,114.24

3.3. Energy Consumption
The consumption of electrical energy in the BPOM laboratory of Manokwari from January to
December 2021 is rewritten from PLN, as shown in Table 5.

Table 5. Energy and payment

Month Energy Payments
(kWh) (IDR)
Jan-21 18,022 26,046,382.99
Feb-21 16,724 24,171,162.96
Mar-21 16,112 23,287,005.87
Apr-21 19,926 28,797,091.91
May-21 19,288 27,875,373.90
Jun-21 19,261 27,836,366.96
Jul-21 19,148 27,673,115.97
Aug-21 17,986 25,994,373.88
Sep-21 18,426 29,801,158.93
Oct-21 18,691 31,462,563.86
Nov-21 20,745 35,574,067.99
Des-21 21,055 35,537,949.86
> 225,384 344,056,615.08

From the data shown in Table 5, maximum energy consumption was reached in
December 2021 at 21,055 kWh and minimum energy consumption was reached in March
at 16,112 kWh. The lowest payment in March 2021 is IDR 23,287,005.87 while the highest
electricity bill payment will be in December 2021, about IDR 35,537,949.86.

3.4. Initial Energy Audits
Energy consumption intensity (IKE) in buildings is a value or quantity that can be used as
an indicator to measure the level of energy utilization in a building. The intensity of energy
consumption in buildings is defined in terms of the amount of energy consumed per unit
area of the building served by energy in kWh/m2/month (Bergero & Chiari, 2021; Caj¢ikova,
2016; Egwunatum & Akpokodje, 2019; Ghadi & Baniyounes, 2018).

The building area of the BPOM laboratory of Manokwari is about 1,484 m2. Meanwhile,
the consumption of electrical energy in a month is 15,108.48 kWh. Thus, the calculation of
IKE per month for the BPOM laboratory of Manokwari can be calculated as follows:

IKE = M =10.18

From the results of the calculation of the IKE value above, based on the standard IKE
value of a building according to the guidelines for energy conservation and supervision
within the Ministry of National Education (Choir & Irawan, 2023), the IKE value of the BPOM
laboratory of Manokwari, as an air-conditioned office or laboratory building, is included in
the efficient category. Based on the IKE value in Table 1, then the value of 10.18
kWh/m2/month is within the range of the efficient criteria.
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Table 6. Energy and payment
Month Energy IKE
(kWh) (kWh/m?2/month
)
Jan-21 18,022 12.14
Feb-21 16,724 11.27
Mar-21 16,112 10.86
Apr-21 19,926 13.43
May-21 19,288 13,00
Jun-21 19,261 12.98
Jul-21 19,148 12.90
Aug-21 17,986 12.12
Sep-21 18,426 12.42
Oct-21 18,691 12.60
Nov-21 20,745 13.98
Des-21 21,055 14.19
Total 225,384 151.88
Average 18,782 12.66

Based on Table 5, the IKE calculation is taken from the electricity bill every month and
the area of the BPOM laboratory of Manokwari, using Equation 1. In Table 6, the energy
consumption from January to November is 225,384, while the total IKE is 151.88
kWh/m2/year, which is within the standard in Table 2. Therefore, energy usage in BPOM
can be categorized as the "efficient" category. However, the IKE was in the quite efficient
category in December, which is already below the standards set by ASEAN and USAID
(Karmiathi & Putra, 2022).

3.5. Energy Saving

The process of saving energy plays an important role in the electrical energy audit of a
building. For this reason, it is necessary to take advantage of opportunities to achieve an
efficient level of use in the future (Mulyadi & Yudha, 2019; Karmiathi & Putra, 2022; Surya
Ganesputra et al., 2022). Based on observations in the field, energy saving opportunities in
the laboratory building at Balai POM Manokwari can be done in 2 ways:

A. Lamp Replacement

In the BPOM laboratory of Manokwari, most of the lighting uses Neon type TL lamps with a
power rating of 36 Watt and 2,600 lumens. To improve energy efficiency, it is better if in the
future these lamps can be considered to replace the lighting using LED type TL lamps,
because LED lamps can produce higher lumens with lower power.

From the power comparison table, namely between incandescent, CFL, and LED lamps,
to produce 2,600 lumens with LED lamps, the electric power consumption is about 25-28
watts. Compared to CFL or Neon lamps, which require more power about 30 to 55 watts,
the LED lamp is more efficient. The following is a table of lamp power consumption before
and after replacement.

Table 7. Lamps power consumption

Existing Recommendation

Amount | Operation | Lamp
(unit) (hour) type
W)

No Power | Energy Lamp Power | Energy

) (Wh) | type (W) | (W) (Wh)
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1 130 8 TL(36) | 4680 | 37440 | LED(26) | 3380 | 27040
2 6 8 CFL (14) 84 672 | LED (7) 42 336
3 16 12 CFL (18) 288 | 3456 | LED (9) 144 1728
3 5052 | 41568 3566 | 29104

Table 7 shows that the lamps will consume approximately 41568 Wh of energy in their
current state; after replacement, the lamps will consume approximately 29104 Wh of
energy per day. Therefore, about 12464 Wh per day or about 274208 Wh per day per month
in 22 working days can be saved by the replacement of the lamps.

B. AC Scheduling
When using air conditioners (AC) in rooms, especially offices, there is a possibility of
forgetting to turn the AC off after using the room so that the air conditioning system
continues to work even though there are no activities being carried out in the room. Based
on the results of interviews with employees in the laboratory building at Balai POM
Manokwari, this sort of thing often happens in the office. Since the electric power used for
air conditioners is quite large, if things like that continue to happen, of course there will be
losses, both due to wastage of energy and electricity bill payment accounts in the BPOM
laboratory of Manokwari. The data of the AC usage at the laboratory is provided in Table 8.

It can be seen in Table 8 that the amount of energy used by the AC will be multiplied by
a duty cycle value of 50% or 0.5 because, in an AC machine, when the room temperature is
reached as desired, the AC machine will automatically stop; in this condition, the air
conditioner does not absorb electrical energy and will return to operation after the room
temperature starts to rise again. So that the energy calculation is the amount of AC power
multiplied by the number of hours of use and the value of the duty cycle.

Table 8. AC power consumption

AC Amount | Operation Existing Recommendation
No Type (unit) (hour) Operation | Energy | Operation | Energy
(hour) (Wh) (hour) (Wh)
1 1 HP 2 745 24 17880 24 17880
2 2 HP 7 1490 24 125160 24 125160
3 1 HP 1 745 8 2980 6 2235
4 2 HP 19 1490 8 113240 6 84930
3 259260 230205

Based on Table 8, there is an air conditioner that runs 24 hours a day because, in the
laboratory, there are chemicals that need to be maintained at a certain temperature and
humidity, so they cannot be turned off during operation. Savings on AC can be made in
administrative offices by making an appeal to turn off the AC during office breaks and turn
off the AC 30 minutes before breaks and before working time ends so that there is a
reduction in AC operating hours by 2 hours, with details of 1 hours break and 1 hour rest.
Thus, there is a reduction of 29055 Wh per day or 639210 Wh per month for 22 working
days.

3.5. Benefits of Energy Saving

Based on the calculations made, energy savings have occurred through scenarios A of
274208 Wh/month and B of 639210 Wh/month, for a total savings of 913418 Wh/month
or 913.44 kWh/month. With a basic electricity rate of IDR 1,688/kWh, the expenditure
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savings are IDR 1,541,886.72 per month. The findings are then used to make some
adjustments to IKE in Table 6, as given in the following table.

Table 9. IKE Adjusments

Month Energy IKE
(kWh) (kWh/m2/month
)
Jan-21 17,108.56 11.52867925
Feb-21 15,810.56 10.65401617
Mar-21 15,198.56 10.24161725
Apr-21 19,012.56 12.81169811
May-21 18,374.56 12.38177898
Jun-21 18,347.56 12.36358491
Jul-21 18,234.56 12.28743935
Aug-21 17,072.56 11.50442049
Sep-21 17,512.56 11.80091644
Oct-21 17,777.56 11.97948787
Nov-21 19,831.56 13.36358491
Des-21 20,141.56 13.57247978
Total 214,423 144.49
Average 17,869 12.04

In case of the scenarios is undertaking on the building consistently, some benefits can
be taken i.e. 1). No month is out of the efficient category, 2) IKE total per year will be drop
from 151.88 kWh/m?/year to be 144.49 kWh/m?2/year, and 3) Money saving about IDR
18,502,640.64 /year can be collected as given in Table 9.

Based on the initial investigation of the electrical system at bPOM, it can be concluded
that the availability of power in the laboratory is sufficient. Frequent electricity
interruptions and power outages can occur because the power grid often shuts down at
these locations. While the power outages that occur can be caused by the installation of mini
circuit breakers that are no longer in accordance with the load characteristics existing in
the rooms of the laboratory, the appropriate circuit breaker replacement also needs to be
done.

Overall, energy use at BPOM is quite efficient. However, based on the data collected, in
certain months there is still inefficient energy use. For this reason, the best recommendation
that can be given to make energy use more efficient is to replace TL and CFL lamps with
more efficient LED lamps. Besides that, the use of AC also needs to be maximized by turning
off the AC about 30 minutes before break time. With the implementation of strict
recommendations, electricity bills can be reduced.

5. Conclusions

Based on electricity consumption, which can be calculated, in a month, the BPOM laboratory
of Manokwari consumes 15,108.48 kWh. From the BPOM laboratory of Manokwari building
of 1,484 m?, it can be determined that the Energy Consumption Intensity (IKE) value is 10.18
kWh/m2/month, thus the building is included in the efficient category.

The results of energy audits, energy use, based on historical usage of electricity bills in
the BPOM laboratory of Manokwari, are still categorized as efficient after several energy
saving opportunities have been carried out, with an IKE value obtained each month of 10,
24 kWh/m?/month. This result is not much different from the results of previous
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calculations and is still in the efficient category. And the yearly IKE value is 112.89
kWh/m2/year.

Skenario A's Energy Saving Opportunity, the total number of lamps used is 41.568 kWh.
After being replaced with LED lamps, the daily lamp savings were obtained, which were
29.104 kWh, and within a month the savings opportunities were obtained, which were
274.12 kWh. On the other hand, in scenario B, the total AC used is 259.26 kWh. After setting
the use of air conditioning, the daily air conditioning savings were obtained, which were
29.06 kWh, and within a month the savings opportunities were obtained, which were
639.32 kWh. Therefore, the total savings are 913.44 kWh/month, or about IDR
1,541,886.72/month.

This paper only provides recommendations for steps that need to be taken to save
energy and money. However, the effectiveness of these recommendations has not been
discussed, so further research is needed to evaluate their implementation of these
recommendations.
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