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Abstract This research is conducted in a company engaged in the manufacture of pesticides. The company
has never measured it’s energy productivity. The company is only based on production targets and financial
benefits achieved each year. One method that can be used in productivity measurement and operational
feasibility is Energy Productivity Ratio (EPR). EPR is expressed as the ratio of energy output to the energy
input. The feasibility of the company's operation can be seen from the energy productivity value. The
purpose of research conducted to 1) Measure the level of energy productivity 2) Measuring the feasibility
of the company's operations 3) Identify the factors that influence the value of energy productivity ratio
(EPR) and 4) Provide proposed steps to increase energy productivity. EPR is made by collecting data on
material requirements, power requirements, machine and equipment data and the number of products
produced. After doing the calculation of energy input and energy output, the final step is to calculate the
value of Energy Productivity Ratio (EPR). By this research we know the company is feasible to operate
because the value of EPR> 1, although it must be repaired to increase the value.
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1 Introduction
Every company that want to survive has to improve its
performance in competitive competition. Better
products and achieved high productivity must be a final
goal. Company performance must continually
measured as an assesment in order to compete with
other companies.[1].

It should be known how is the company's current
performance. By calculating the productivity we could
assess the performance of a company. One defenition of
productivity is the ratio between the value an activity
generates for the value of all the inputs used in doing
the activity. Productivity is also has a means that
management analyze and encourage production
efficiency as well as to check how the company utilizes
its input (resources) in producing output {products). It
is known that so important make productivity
measurement of company performance and also
feasibility of the company's operations, i.e production
function,cost function and profit function [2].

The company that this research conducted
produces herbicides and insecticides, such as DMA,
Dursban, Garlon, Nurelle, and Thopshot. It has never
measured company’s energy ratio productivity. The
company’s performance is only based on production
targets and financial benefits achieved each year. One
method that can be applied in productivity measurement

and operational feasibility is Energy Productivity Ratio
(EPR). By this method we analyzed the ratio of energy
output to the energy input. From the energy productivity
value of the company, we could know feasibility of the
company's operation. By using Energy Productivity Ratio
(EPR) it is easier to detect the energy productivity and
feasibility of the company's operations. Finally the
management could arrange the energy needs that will be
apllied in production planning to achieve high profits as
well. By reducing energy use, it means maximize
potential reduction of carbon emissions. Other
environmental issues related to carbon emission occur
from energy use especially from heavy electricity and
firewood use.

From this reason, it is necessary to do research
related to Energy Productivity Ratio (EPR) and what
factors influence the value of the EPR.

2 Literature review
In Indonesia, manufacturing industry influences Gross
Domestic Product. GDP is an important indicator of
economic condition. Manufacturing industry sector has
big contribution to economic growth and also absorbs
many workers [3]. Hence manufacturing industry has
strong relationship with  energy consumption. Some
research has been done about energy consumption.
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Economic growth deeply influenced by how the energy
input allocated . There is always a connection between
energy consumption and economic growth. Some
research show that productivity could be improved by
analizwd the energy that used. Economic prosperity
also influenced by  energy consumption [4].

By comparing output with input, that means
compare the results achieved with the overall resources
used, we get the score of productivity. As it known,
productivity has two dimensions. The first dimension is
the achievement of targets about time, quality and
quantity. This dimension is known as the effectiveness.
The second is done by comparing inputs with the
realization of the work. This dimension is known as the
efficiency.

From another references, defenition of
effectiveness in a production process is the level of goal
achievement. By measured effectiveness, we easily
explains how much the output obtained in accordance
with the targets that have been made by the company.
Yet from another references, the interpretation of
efficiency is the amount of use of input used in a
production process to get the output.

Effectiveness and Efficiency have strong
differences. Effectiveness measure the amount of
company target that can be reached in getting the
output. Where efficiency is used to determine the
amount of use of resources in a manufacturing process
[3,4,5,6,7].

Energy is needed to do work (effort). Energy
can be changed from one form to another, meaning that
energy can not be destroyed. Energy is an important
factor of development of industrial growth. By reducing
energy consumption could be influenced to energy
productivity. Energy prices also has limited role in the
growth of energy productivity. The rise in the price of
energy carriers, have impact on productivity of the
industry[8,9].

In a production process, material be used to
produce a product. The materials used in the energy
process are materials that need energy. By dividing the
total cost of materials with the price of fuel energy we
could know the energy of materials, then calculate it
with the value of heat values of these fuels.

An electrical energy is the final energy required
for electrical appliances, i.e lighting, heating, to drive
motors, to reactivate a mechanical device to produce
another form of energy. [10,11].

Besides that, depreciation energy is one indirect
energy factor. The indirect energy associated with the
manufacture of the tool can be determined by
calculating the value of 1) Depreciation energy from the
production of a device 2) Depreciation of the purchase
price of the tool. [12]

The ratio of the energy input derived from the
electrical energy, the total energy of the materials, the
compliance used in the production process compared to
the energy output and the depreciation of the machine
is known as The Energy Productivity Ratio (EPR). EPR
method can be used to determine the value of energy

productivity[4,5].
The formula for determining the energy input of the
materials is as follows:

Input energy materials = A
B

x C……………(1)

A = Total material price (Rp)
B = Fuel Prices (Rp)
C = Calorific value of fuel (MJ/Kg)

The value of electrical energy input can be
obtained by calculating the power needs of the company
and then converted to MJ units. The formula for
calculating the energy input of the converted material is
as follows:

Input electrical energy =Electrical power (kwh) x 3,6 MJ…(2)

The result of calculation of material energy input,
electrical energy input and energy input of machine and
equipment depreciation then summed to become energy
input value. Next, look for energy output values. The
formula for calculating the required energy output is as
follows:

Output energy materials =
D
B

x C………(3)
A = Total material product (Rp)
B = Fuel Prices (Rp)
C = Calorific value of fuel (MJ/Kg)

The energy value of the productivity ratio
(EPR) can be calculated after the energy input value and
the energy output value have been obtained. The
formula of energy productivity ratio (EPR) is as follows:

EPR= Output Energy (OE)
Input Energy (IE)

………..….(4)

The energy value of productivity ratio (EPR)
greater than 1, indicates that the product production
process can be continued or declared feasible. Whereas if
the energy ratio is 1 <1 then the production of the product
is declared not worth continuing. New fuel needs to be
sought to reduce losses and use energy sources declared
as energy-deficient energy sources and needs to be
revisied [5,6].

3 Methodology
The research was conducted at North Sumatera. The
type of research conducted in this study is descriptive
research. Descriptive research is a type of research used
to describe the systematic, factual and accurate about the
facts and the properties of an object or population to be
studied. The results of this study aims to determine the
energy productivity and feasibility of the company's
operations.

The object of research observed is the
production section. This research was conducted to
measure and analyze energy productivity.
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The purpose of this research is as follows:
1. Measuring the level of the company's energy product.
2. Measuring the feasibility of the company's
operations.
3. Identify the factors that affect the value of energy
productivityratio(EPR).
4.Providing proposed steps to increase energy
productivity.

Based on the data obtained, the calculation of
energy input and energy output, so it can be calculated
value of Energy Productivity Ratio (EPR) company
[5,6].

4 Result and discussion
EPR calculation can be done if it has obtained

the value of energy input and energy output.
Therefore, energy value and energy output should be
calculated first.

4.1. Energy Input Calculation

Energy input calculation is the sum of the required
energy input materials. The required energy inputs are
the energy input of the material, the input of the
required power energy and the energy input of the
machine and equipment depreciation.

4.1.1. Energy Material Input Calculation

The calculation of energy input of the required
materials is done using the material price data required
per month during 2014-2017. Input energy of materials
required in 2014-2017 can be seen in Table 1.

Table 1. Energy Material Input

4.1.2. Electrical Energy Input Calculation

The calculation of the required electrical energy
input is done using the required electrical power data
per month during 2014-2017. Input of electrical energy
required in 2014-2017 can be seen in Table 2.

Table 2. Electrical Energy Input

4.1.3. Energy Depreciation Machine and Equipment
Input Calculation

Energy input calculations depreciate the required
machinery and equipment using machine and equipment
data required per month during 2014-2017. Calculation of
machine and equipment depreciation is done using the
straight-line method. Input energy depreciation machines
and equipment required in 2014-2017 can be seen in
Table3.

Table 3. Depreciation Machine and Equipment Energy
Input

4.2. Energy Output Calculation

The calculation of output energy produced is done
using product price data generated per month. Ouput
energy produced in 2014-2017 can be seen in Table 4.

Table 4. Energy  Output
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4.3. Energy Productivity Ratio (EPR)
Calculation

Energy Productivity Ratio (EPR) calculation is
done using energy output data divided by energy input.
Energy Productivity Ratio (EPR) in 2014-2017 can be
seen in Table 5.

Table 5. Energy Productivity Ratio

4.4. Discussion

The energy input is the sum of the energy input of
the required material, the required energy energy input
and the energy input of the machine and equipment
depreciation.

Fig. 2. Energy Input

Based on the data of energy input in 2014-2017,
the decrease of energy input from 2014 to 2017 is
20,501,516,381,54 MJ, 17,342,809,649,40 MJ,
17,169,316,182,75 MJ and 16,984,394,876,77 MJ.
This decrease of energy input is influenced by material
needs, electrical energy and depreciation of machinery
and equipment used .

Fig. 3. Energy Output

Energy output in the year 2014-2017 is the highest
in November 2014 ie 3.128.242.749 MJ and the lowest
energy output occurred in April 2015 ie 760.352.511 MJ.
The highest average energy output occurs in 2014. This
is influenced by the amount of pesticide produced and
the type of pesticide produced in that year is higher than
the amount of pesticide produced and the type of
pesticide produced in subsequent years, so that the
energy output generated in 2014 is higher than in
previous years.

Fig. 4. Energy Productivity Ratio

Based on the table and graph of energy productivity
ratio (EPR) can be seen that the value of EPR fluctuated
up and down which means that the company's
performance can be said not yet stable. However, the
average energy productivity ratio (EPR) of firms in
2014, 2015, 2016 and 2017 is 1.17, 1.15, 1.11, and 1.11.
From the average value of the company is feasible to
operate because the value of EPR> 1, although it must
be repaired to increase the value of EPR so there is no
longer the value of EPR below 1.

Increasing the value of energy productivity ratio
(EPR) can be done by considering the factors that affect
the value, namely energy input and energy output. The
following data for energy input and energy output in
2014 in 2014 will be used to look at the factors affecting
the value of the energy productivity ratio (EPR).

The ups and downs of EPR values are influenced by
energy inputs in the form of energy inputs of materials
and electricity requirements, as well as energy output.
Differences in energy input needs of materials is
influenced by the amount of raw materials and needed
auxiliary materials and variations in the size of products
to be produced, whereas the required electrical energy
input is affected by the number of working days per
month.

5 Conclusion and future work
1. From the results of the discussion that has been done

then taken the following conclusions:
Input of energy in 2014-2017, there is a decrease of
energy input from 2014 to 2017 which is
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20,501,516,381,54 MJ, 17,342,809,649,40 MJ,
17,169,316,182,75 MJ and 16,984,394,876,77 MJ.
Energy output in the year 2014-2017 is the highest
in November 2014 ie 3.128.242.749 MJ and the
lowest energy input occurred in April 2015 ie
760.352.511 MJ. The highest energy productivity
ratio (EPR) in the year 2014-2017 was the highest
in January 2014 at 2.33 and the lowest energy
productivity ratio (EPR) occurred in November
2017 of 0.60.

2. The average energy productivity ratio (EPR) of
firms in 2014, 2015, 2016 and 2017 is 1.17, 1.15,
1.11, and 1.11. From the average value of the
company is feasible to operate because the value of
EPR> 1, although it must be repaired to increase the
value of EPR so there is no longer the value of EPR
below 1.

3. Factors affecting the value of energy productivity
ratio (EPR) are energy inputs consisting of energy
input materials, electrical energy inputs and energy
inputs depreciation of machinery and equipment, as
well as the energy output that is influenced by the
amount of product produced and the price of the
resulting product.
The advice given to the company is:

1. Companies should make production planning with
regard to product type and product selling price to
be produced every month.

2. Companies must be careful in choosing suppliers to
order materials in the production process because
the quality of raw materials have an important role
in achieving good output.

3. The company should plan the maintenance schedule
of the machine, not only do the repair when the
machine is damaged. The company should also use
the production machine as efficiently as possible in
order to reduce energy use so that energy
productivity can be improved.
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