*44/
2548-8155
7PMISSN
+BOVBSZ
Vol. 2, January 2017

2-3 November 2016
Universitas Pelita Harapan
Tangerang - Indonesia

ICSoLCA 2016 | 1

ICSoLCA 2016 | 2

ISSN 2548-8155
Vol. 2, January 2017

TITLE

PAGE

ICSoLCA 2016 | 3

Proceedings of the 2nd ILCAN Conference Series on Life Cycle Assessment
Universitas Pelita Harapan, Tangerang, 2-3 November 2016

A Preliminary Water Footprint Assessment of Bioethanol Production from Oil Palm Empty Fruit
Bunch in Indonesia: A Case Study in North Lampung
Dian Burhani*, Joko Waluyo
Research Center for Chemistry, Indonesian Institute for Sciences, Kawasan PUSPIPTEK, Serpong, 15314,
Indonesia
* Corresponding author, tel.: +62 21 756 0929; fax: +62 21 756 0549; dian.burhani@lipi.go.id
Abstract
Oil palm empty fruit bunch as raw material for bioethanol production in Indonesia has gradually gained many interests for
research and industry. However, it also raised concerns regarding the water consumption and water quality, since both are the key
factors in the development of the bioenergy crops. Different regions have different resource availability, therefore, this paper
presents a preliminary water footprint assessment of bioethanol production focused on oil palm cultivation in North Lampung,
Indonesia as the case study. The assessment consisted of three components: green water, blue water and grey water both in
cultivation and production. Crop cultivation data from Indonesian Agency for Meteorology, Climatology and Geophysics and mass
balance from bioethanol production were used as data source. The calculation of green and blue evapotransportation was conducted
by Penman-Monteith method using CROPWAT 8.0. The calculated green, blue and grey WF of oil palm are 4,078.29, 293.4 and
259.3 m3/ton, respectively. While the WF of the bioethanol production are 27,587 and 2,461.1 L H2O/ L Ethanol, for green and
blue WF, respectively. The value of WF varied according to time and region. Nevertheless, the result of this study can be regarded
as preliminary database for analyzing the local impact of bioethanol production from oil palm empty fruit bunch in Indonesia,
specifically in North Lampung.
Keywords: Water footprint; oil palm empty fruit bunch; bioethanol

1.

INTRODUCTION

By the year of 2025, Indonesian government aims
for biofuel to fulfil 5 % of the total energy mix.
Bioethanol and biodiesel would replace 15% and 25%
of gasoline and diesel consumption, respectively [1].
To achieve this goal, there has to be an increase in
biofuel feedstock production which may require an
expansion of cultivated area and irrigation and also on
the use of fertilizer [2][3]. The replacement of fossil
energy with bioenergy has many advantages. CO2neutral, increased in energy supply security, resource
diversification and the absence of depletion risks are
the examples [4]. However, criticisms have been
raised regarding the potential environmental impacts
of biofuel production, including the availability and
quality of water (5).
Of fresh water, approximately 70% is being used
in agriculture, 22% in industries and 8% for household
consumption [3]. Indonesia as the largest palm oil
producer in the world generated a huge amount of
empty fruit bunch, which are the raw material for
bioethanol second generation [6]. In 2015, there was
approximately 11.300.370 ha of oil palm cultivation
spread all over Indonesia [7]. The promotion of
bioethanol use will unavoidably affect the freshwater
resource in agriculture country as Indonesia.

Therefore, there should be serious research studies and
subsequently plans for suitable use of water.
In 2003, Hoekstra introduced Water Footprint
(WF), a concept for the calculation of water needs for
the consumer product. WF, which subsequently
elaborated by Hoekstra and Chapagain (2008)
provides a framework to analyze the link between
human consumption and the appropriation of global
freshwater [3][8].
Water footprint divides the water used into three
components (green, blue and grey water), which are
specified geographically and temporally. The green
water footprints refers to the volume of rainwater
consumed during the production process of a products.
This is particularly important for agricultural and
forestry products, where it refers to the total rainwater
evapotranspiration plus the water incorporated into the
harvested crops and wood. Blue water footprint refers
to the volume of surface and groundwater consumed
(evaporated and incorporated) into the production of a
product. Grey water footprint refers to the volume of
fresh water required to assimilate the load of pollutants
based on the existing ambient water quality to comply
with the defined quality standards [9].

ICSoLCA 2016 | 15
4

Proceedings of the 2nd ILCAN Conference Series on Life Cycle Assessment
Universitas Pelita Harapan, Tangerang, 2-3 November 2016

The water footprint as a concept is an indicator to
compare water use efficiency in different regions for
crops and products. This study has not yet identify the
hotspot nor raising awareness regarding the water
consumption of oil palm cultivation and bioethanol
production in Indonesia. But, it is a preliminary
attempt to enhance the water footprint concept by
highlighting water consumption during the cultivation
of oil palm and bioethanol production in a pilot plant,
specifically in North Lampung, one of the regency
located at the south of Sumatera Island, Indonesia.
2. METHODS
2.1. Goal and Scope Definition
This paper aims to assess water footprint of
bioethanol production from oil palm empty fruit bunch.
The oil palm empty fruit bunch was obtained from
North Lampung, Indonesia and the bioethanol
production was conducted in a pilot plant at Research
Center for Chemistry, Indonesian Institute of Sciences.
2.2. System Boundary
The schematic of water use in the production of
bioethanol from oil palm empty fruit bunch is shown
in Fig. 1. The calculation of the water footprint
encircled in oil palm cultivation and bioethanol
production. The calculation of water footprint both in
cultivation and bioethanol production only considers
the direct use of water.

evaporated during crop growth. The grey component
is indicative of the amount of clean water for the
dilution of waste water to meet the standard of surface
water. Based on the “Water Footprint Manual: State of
the art 2009” [10]. Water footprint (WF) was
calculated, as follows:
(1)
For the assessment of the WF for crops, Hoekstra
et al. (2011) proposed two methods: the irrigation
schedule and the crop water requirement option. The
latter is the method used in this study.
The crop water requirement option does not place
limitations on crop irrigation. The crop water
requirement is the water needed for evapotranspiration
under ideal growth conditions, measured from
planting to harvest. “Ideal Condition” means that
adequate soil water is maintained by rainfall and/or
irrigation so that it does not limit plant growth and crop
yield. Therefore, crop evapotranspiration (ETc) equals
to water requirement (CWR) [11][12].
The evapotranspiration contains two components,
green water for the use of effective rainfall and blue
water for the use of irrigation water [3]. Green and
blue water evapotranspiration using crop growth can
be estimated with the FAO CROPWAT model which
is based on the FAO Penman-Monteith method [13].
The calculation of
calculated, as follows:

Blue
water

Green
water

Cultivation

Grey
water

Blue
water

Green
water

evapotranspiration

was

(2)

Manufacturing

Grey
water

Fig. 1. The schematic use of water in the production
of bioethanol from oil palm empty fruit bunch
2.3. Water Footprint of Oil Palm
Water footprint for crop cultivation consists of
green, blue, and grey component, each has different
water sources. The green component refers to the use
of rainwater that evaporated during production, mainly
during crop growth. The blue water component to the
use of surface water and ground water for irrigation

Where Kc is the crop coefficient and ET0 is the
reference evapotranspiration (mm/day). Crop
coefficient (Kc) used to correct the difference between
the actual crop and the reference crop [8].
The estimated crop evapotranspiration in mm is
converted to m3/ha applying the factor 10. The green
component in the process water footprint of a crop
(WFproc,green, m3/ton) is calculated as the green
component in the crop water use (CWUgreen, m3/ha)
divided by the crop yield Y (ton/ha). The blue
component (WFproc, blue, m3/ton) is calculated in a
similar way (Eq. 3 – 6).
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The grey component in the water footprint of
growing a crop or a tree (WFproc,grey, m3/ton) is
calculated as the chemical application rate to the field
per hectare (AR, kg/ha) times leaching-run-off fraction
(α) divided by the maximum acceptable concentration
(cmax, kg/m3) minus the natural concentration for the
pollutant considered (cnat, kg/m3) and then divided by
the crop yield (Y, ton/ha) (Eq. 7).

(3)

(4)

(5)

(6)
The quantity of the nitrogen that reaches free
flowing water bodies is assumed to be 10 per cent of
the applied fertilization rate (in kg/ha/year) [13]. The
total volume of water required per ton of nitrogen is
calculated considering the volume of nitrogen that
leaches or runs off (ton/ton) and the maximum
allowable concentration in the free flowing surface
water bodies. As ambient water quality standard for
nitrogen, the maximum concentration used in this
study was 10 mg/liter (measured as N). The fertilizer
utilization was retrieved from SimaPro 8.1.1.16
database. The effect of other factors such as the use of
other nutrients, pesticides, and herbicides to the
environment were not analyzed. This limit was used to
calculate the volume of fresh water required to
assimilate the load of pollutants. By lack of
appropriate data, the natural concentration in the
receiving water body assumed to be zero [13].

(7)

2.4. Water Footprint of Bioethanol
The data on water use of the entire process in this
study are primary data (mass balance) from Pilot Plant
at Research Center for Chemistry, Indonesian Institute
of Sciences.
The Water Footprint (WF) of bioethanol
production considers only the direct water use. The
direct water refers to water directly related to the
production of bioethanol [14]. It means that water used
in the supply chain to produce raw material was not
included. For each section, the bioethanol plant used
water directly from the processing water (Cisadane
River).
The water footprint of the bioethanol (WFprod[p])
is calculated by dividing the water footprint of the
input product by the product fraction. The product
fraction is defined as the quantity of the output product
obtained per quantity of input product. Next, water
footprint of all the products with economic value is
represented by their value fraction fv[p,i]. The value
fraction is defined as the ratio of the product with
economic value to the aggregated market value of all
products obtained from the crop. (fp[p,i], mass/mass)
is the product fraction of an output product p that is
processed from an input product i [13]. Finally, to
calculate the water footprint of a product (WFprod[p]),
one needs to add the process water footprint WFproc[p]
[15]. The water footprint of the product is calculated
by:

(8)
However, in this study, value fraction of the
product was negligible as bioethanol was considered
the only output product.
3.

RESULT AND DISCUSSION

3.1. Water Footprint of Oil Palm
The water footprint of oil palm empty fruit bunch
(m3/ton) was evaluated as the ratio of the volume of
water needed during the entire period of oil palm
growth to the corresponding yield [16].
In 2013, Plantation Division of Lampung
Province listed that there was 8,571 ha oil palm
smallholders plantation area in North Lampung
regency (Fig. 2) with 16,285 ton production and
productivity approximately of 2.35 ton/ha [17][18].
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Table 4. Calculation of the grey component of the
process water footprint (m3/ton) for palm oil in North
Lampung

Cnat is assumed to be zero
*Source: SimaPro 8.1.1.16 database
**Source: [22]
***Source: [17]

Fig. 2. North Lampung Regency [19]
The climate data as inputs of the CROPWAT
model were obtained from Indonesian Agency for
Meteorology, Climatology and Geophysics and
Statistic Indonesia, which consisted of minimum and
maximum temperature, humidity, wind and amounts
of sunshine. Crop coefficient and crop lengths were
taken from the UN’s Food and Agriculture
Organization (FAO) (Table 2) [20]. Data on rooting
depth, critical depletion level and yield response factor
were obtained from FAO global database [20][21].
Statistic Indonesia recorded the average value of
climate condition from January to December 2013 as
shown in Table 1. The calculation results of water
footprint were shown in Table 3-5.

Table 5. The green, blue and grey water footprint of
oil palm from North Lampung

The ratio of each WF for oil palm cultivation was
illustrated in Fig. 4. High value of green water
footprint (~88%) means that almost 88.28 % of the
water used for cultivation was from rainwater. And
only 6.33 % of the surface water (irrigation) were used.
And 5.46 % was used to assimilate the load of
pollutants, including fertilizers.

Table 1. Climate data of North Lampung Regency
from January – December 2013

Source: (17) *Effective Rain was calculated using CROPWAT

Table 2. Single (time-averaged) crop coefficient, Kc,
mean maximum plant height, rooting depth, depletion
fraction and yield response factor for oil palm

*Source: [20]

Table 3. Calculation of the green and blue
component of the process water footprint (m3/ton) for
oil palm in North Lampung (Indonesia) based on the
CWR output table of CROPWAT 8.0

Fig. 4. Comparison of water footprint for oil palm
cultivation (in percentage)
Generally, there are two main variables which
affected the WF: crop water requirement (CWR) and
yield. CWR shows variations and depend on factors,
such as crop type, climate and soil characteristic [23].
Influenced by the equatorial line, Indonesia has a
tropical climate characterized by heavy rainfall and
high humidity. In 2013, statistic Indonesia recorded
that the average rainfall in North Lampung was
2,781.2 mm (Table 1), which is characterized as quite
high. Mekonnen and Hoekstra, 2011 stated that, the
land of a Country which has high level of rainfall and
humidity is conducive to the retention of water in soil,
resulting higher green WF compare to other Countries
which has low level of rainfall [24]. Other aspect
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which affected the value of WF is yield. However, the
yield of oil palm in North Lampung in 2013 was quite
low. Crop yield itself varied depends on the growing
condition and agricultural practices [3]. The better the
agricultural practice, the better the yield. The WF of
oil palm cultivation in this study was estimated based
on certain condition (in 2013) and region (North
Lampung).
3.2. Water Footprint of Bioethanol
Data on water used in bioethanol production are
obtained from mass balance of the production in 2013.
Bioethanol production begins with chemical
pretreatment and ended after the purification of the
ethanol by dehydration. The complete steps of the
bioethanol production is illustrated in Fig. 5.

preliminary of the calculated water volume which
provides key information in the allocation discussion,
but does not provide key information on whether it
contributes to an immediate problem of water scarcity
or pollution within the catchment where it occurs. To
identify the local impact of oil palm cultivation and
bioethanol production in North Lampung, the green
and blue water availability in the catchment where the
footprint occurs should be calculated. The grey WF of
bioethanol production in a catchment should be
observed in the context of the water pollution level in
the catchment [15].

Fig. 5. Process flow diagram of bioethanol production from oil palm empty fruit bunch
Since the processing steps require water, the
amount water needed (m3/ton of original product) was
added to the initial water footprint of the original
product before transferring into a value for the water
footprint of the resulting product [16].
The water footprint of bioethanol production from
oil palm empty fruit bunch is shown in Table 6.
Table 6. The green, blue and grey water footprint of
bioethanol production from oil palm empty fruit
bunch

The high value of WFproc,green for bioethanol
production was already contributed by the high value
of WFproc,green for oil palm cultivation. Overall, water
used and water released in the bioethanol production
was not significantly affected the WFprod .
The water footprint of oil palm and bioethanol
shows the water designated for the process, therefore
it cannot be used for another product. This study is a

For further study of WF analysis assessment,
indirect use of water and energy balance along with
water availability and Water Stress Index should be
considered in order to get the whole picture of how the
bioethanol production affect the water availability and
quality in North Lampung, Indonesia.
4.

CONCLUSION

This study presents the result of the water
footprint analysis for bioethanol production from oil
palm empty fruit bunch in North Lampung, Indonesia.
The calculation of the water footprint encircled in oil
palm cultivation and bioethanol production in a pilot
plant. The calculated green, blue and grey WF of oil
palm are 4,078.29, 292.34 and 259.3 m3/ton,
respectively. While the WF of the bioethanol
production are 27,587.8 and 1,684.54 L H2O/L ethanol
for green and blue WF, respectively. Further
assessment for at least 25 years backward should be
considered to see the potential impact of oil palm
cultivation and bioethanol production to the fresh
water resource along with the water availability in
North Lampung.
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Abstract
The research aimed to quantify the household ecological footprint equivalent to the land use consumption of Indonesian
middle class family members. The quantification of land footprint include aspects of waste production and resource consumption
that could potentially be sustainable. The research method using an Ecological Footprint program ver. 2.0 on Ms Excel file
developed by Mathis Wackernagel et al. (2000) with slight modification to suit Indonesian condition. The sample of household
data are mostly the governmental officer (public service) with 3rd to 4th grades (Gol III and IV of Indonesian ranking system).
The sample origin are mostly live in the eastern region provinces and a small portion from the western region with total sample
of 153. There were 6 category of consumptions evaluated i.e. food, housing, transportation, goods, services and waste and six
ecological foot print resource considered namely fossil energy, arable land, pasture, forest, built-up land and sea.The result shows
that the ecological footprints equivalent of land area of family members ranging from 1 to 11.5 ha per capita with average of 3.0
ha land equivalent. Of the six category of consumption, goods, transportation and food consumption dominate the equivalent land
consumption, while in the ecological footprint type, fossil energy, pasture and arable land are dominant.
Keywords: Ecological footprint; households; middleclass family

1.

INTRODUCTION

The term ‘ecological footprint’ has been popular
in recent decade along with the increase of awareness
on the world resource consumption. There are many
definition appeared in many publications aimed to
this term. One of them stated that the ecological
footprint represents the critical natural capital
requirements of a defined economy or population in
terms of the corresponding biologically productive
areas [1]. The population size, living standards,
ecological productivity and used technology
determined the area of the footprint, and in some
regions the footprint area exceed what is available
locally that leads to their appropriation of global
carrying capacity. In Indonesian context, ecological
footprint assessment is one of the tool that required to
be carried out along within the process of regional
spatial planning. The Indonesian Law no. No 26 2007 for national spatial planning (Ch. 19 and 22)
stated that analysis of regional environmental support
and carrying capacity needed to be made as part of
the spatial planning system. The ecological footprint
is one of the suggested method and the calculation is
the best to be used in assessing the regional support
and carrying capacity assessment.
Many attempts has been made to quantify the
ecological footprint on global and national level
[2][3] to regional [4] and to family level [5] and also
within the life cycle of a particular product [6]. The
unsustainable growth of world population and

consumption is not sustainable has been warned by
many scientists, but in spite of the warnings the
human consumption as resultant of economic growth
and land degradation continuously to expand resulted
in more people, more consumption, more waste and
more poverty [7]. As the ecological footprint is
quantifying the rate of global ecosystem
consumption, it leads to the quantification of
biosphere consumption (land equivalent) based on the
human activities. This rate of consumption in terms
of the calculation of the environmental support and
carrying capacity will show the balance between the
rate of consumption and the rate of growth of the
resource generated by the biosphere. Another
calculation system on EF described and used by
Wiedmann et al. [8] using the input-output analysis in
a supply and use table framework (SUT) were the
approach use input-output analysis to reallocate
existing footprint accounts of the disaggregation of
consumption category and the expanded use of
household expenditure data.
Ecological footprint approach can be classified
based on the resource consumption along with the
categories of the human activities. The resource is
broadly categorized as food, transportation, housing,
goods, services and waste, while the category of
ecological footprints are fossil energy, arable land,
pasture, forest, built-up land and sea. These six
categories and resource of consumption are used to
quantify the ecological footprint of a particular
segment of Indonesian i.e. the lower middle class.

ICSoLCA
ICSoLCA2016
2016||11
22

Proceedings of the 2nd ILCAN Conference Series on Life Cycle Assessment
Universitas Pelita Harapan, Tangerang, 2-3 November 2016

The term ‘middle class’ society according to
Wikipedia defined as “The middle class is a class of
people in the middle of a social hierarchy. In
Weberian socio-economic terms, the middle class is
the broad group of people in contemporary society
who fall socio-economically between the working
class and upper class. The common measures of what
constitutes middle class vary significantly among
cultures” (www. Wikipedia.org). Indonesia is one of
the emerging economic in the world and crawling
into the fourth largest middle class in the world after
US, India and China with 17.3 million households.
Euromonitor International forecasts that Indonesia’s
median disposable income will reach US$11,300 (in
constant 2014 prices) per household, up from
US$6,300 per household in 2014 (euromonitor.com).
Data from Central Bureau of Statistic (CBS) and
Badan Kepegawaian Negara (BKN), the total
Indonesian population in 2015 census is 254.9 billion
(Ind. CBS 2015), of these number, 4.46 billion (2%
of total pop.) works in civil service career (Pegawai
Negeri Sipil - PNS). From the total PNS in the
country there are 49 per cent (25% male and 24%
female) are those who college graduated that in this
paper we considered as part of middle class society.
2.

In this research we quantifying the ecological
footprints of the Indonesian middle class with
purposive sampling.
The sample are the
governmental officers (public service - PNS) with 3rd
to 4th grades (Gol III and IV of Indonesian ranking
system). The sample origin are mostly live in the
eastern region provinces and a small portion from the
western region with total sample of 153. There were
6 category of consumptions evaluated i.e. food,
housing, transportation, goods, services and waste
and six ecological foot print resource considered
namely fossil energy, arable land, pasture, forest,
built-up land and sea. The research method using an
Ecological Footprint program ver. 2.0 on Microsoft
Excel file (forms) developed by Mathis Wackernagel
et al. (2000) with slight modification to suit
Indonesian condition include the translation of some
terms but the unit of price are kept in US$ with
constant exchange rate od IDR-US$ of Rp
10.000/$ (Fig. 1). This conversion is slightly lower
than the current exchange rate (Rp 13.000/$). The
exchange rate was kept lower to compensate the
higher living standard of the developed country
where the program was intended for.

METHODS

Fig. 1. Sample of input form
Data analysis performed based on the six
category of consumptions that i.e. food, housing,
transportation, goods, services and waste and based
on six resource of consumptions namely fossil
energy, arable land, pasture, forest, built-up land and
the sea.

University
in
collaboration
with
PUSBINDIKLATREN BAPPENAS (Indonesian
ministry of Planning) from 2014-2016. As part of the
training, the staffs were given the form (file) to be
filled. There are total of 153 samples collected from 9
training sessions held within this 2.5 years period.

The sample was taken from the staffs who
attending the education and training for planners held
in Center for Res. & Devt. of Policy and
Management
(P3KM-LP2M)
of
Hasanuddin
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3.

RESULTS AND DISCUSSION

3.1. Sample Distribution and Household
Characteristics
Sample distribution ranged from the westernmost
province of Indonesia (Aceh) to the easternmost
province of Papua (Table 1). From all participants
most of them comes from Sulawesi Selatan (43%)
and Sulawesi Tenggara (13%) respectively. The
sample distribution is based on the selection criteria
set by PUSBINDIKLATREN of the Indonesian
ministry of Planning. All selection process and
recruitment of the participant in DFPP training were
done by BAPPENAS.
Table 1. Sample distribution based on the province
of origin

corresponding productive land area [9]. As been
explained in the “Ecological footprint calculator”
[10], The ecological footprint does not document our
entire impact on nature. It only includes those aspects
of our waste production and resource consumption
that could potentially be sustainable. The figures
appears in the calculation shows those resources that
within given limits can be regenerated and those
wastes that at sufficiently low levels can be absorbed
by the biosphere. The result of the Ecological
Footprint (EF)calculation presented in this study
assumes that the person being assessed engages in
none of systematically unsustainable activities, be it
for example the release of CFCs, the unsafe disposal
of motor oil, or the purchase, use and disposal of
other harmful household chemicals. The overall EF
of the household members of the study object is
summarized in Table 3.
Table 3. Average Ecological Footprint of sample
Stat (n=153)
Average
Max
Min
St Dev

EF per capita (ha)
3.08
11.30
0.98
1.62

The range of EF of each family member is quite
varied due to the differences in lifestyle of the sample.
It shows that the lower the household member, the
area of EF (equivalent to the productive land in ha)
are higher.
3.3. EF based on Category

From total participant, the size of the family
member of the sample varied from single person to
extended family (13 person per household) with
average of 4 member per family (Table 2).

From six categories of the household ecological
footprints three of them dominated contribution for
the household member EFs that is the housing, goods
and food comprising 27, 25 and 24 % respectively.
From total equivalent of productive land of 32.085
m2 or equal to 3.2 ha (a slight difference from Table 3
(3.08 ha) is due to the rounding in calculation chain
process), while the transportation, services and waste
sector share the rest (Fig. 2). Fig. 3 shows the
distribution of the amount of household member’s EF
converted to the equivalent area of productive land
consumption in hectares.

Table 2. Number of people in the household
Stat (n=153)
Average
Max
Min
St Dev

No. of people in HH
4
13
1
1.7

3.2. Household member ecological footprints
The analysis of ecological footprint is an
accounting tools used to estimate resource
consumption and waste assimilation requirements of
a defined human population in terms of

Fig. 2. Percentage of household EF based on category
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Fig 4. Percentage of household EF based on resource

Fig. 3. Distribution of household member’s EF
according to category (ha/HH member)
3.4. Household ecological footprint based on
resources
Assessment of the current situation of the
ecological footprint among the Indonesian middle
class based on the six different resource to support
their need, also to use that figures as indicator of
status and progress. It is realized that our sample does
not represent the overall middle class population of
the country, therefore it is not easy to draw
conclusions based on the current study to define the
regional sustainability as the continuous support of
human quality of life for the whole population. As
been stated in Wackernagel and Yount [7], the EF is
an area-based indicator with quantifies the intensity
of human resource use and waste discharge activity in
relation to a region’s ecological carrying capacity.
The EF calculation of the household members on
six type of resource shows the fossil energy footprint
is the highest contribution (40%) followed by forest
resource (24%) and arable land (14%). The higher
fossil energy EF mainly comes from transportation
and services sectors, while the forest EF were
contributed from housing and goods sectors. The
arable land EF mainly contributed from food and
goods sectors. Fig. 4 shows the percentage of EF
based on type of resources and the composite
ecological footprint of the sample (total of 3.2 ha)
shows in Fig. 5.

Fig 5. Distribution of household member’s EF
according to resource (ha/HH member)
The distribution of EF on resources consumed by
household members calculated based on six
categories for each type of resources. Fig. 6 shows
two type of resources i.e. the fossil energy and builtup land consumption by each family member. For
fossil energy, the EF mainly comes from
transportation and goods. The higher EF of this
resource contributed by transportation used for car
and airplane transportation. For built-up land EF, the
consumption mostly contributed by housing and
goods.
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[4] V. Castellani and S. Sala, “Ecological Footprint
and Life Cycle Assessment in the sustainability
assessment of tourism activities,” Ecol. Indic.,
vol. 16, pp. 135–147, 2012.

(a)

(b)

Fig 6. Distribution of EF based on six categories on
Fossil energy (a) and Built-up land (b)
4.

CONCLUSIONS

In this study, the quantification of ecological
footprints of Indonesian middle class especially of
the Indonesian civil service staffs encompassing the
resources of fossil energy, arable land, pasture, builtup land, forest and sea and within six category i.e.
food, housing, transportation goods, services and
waste. The ecological footprint in terms of category
dominated by food, housing and goods, and in terms
of resources the EF dominated by fossil energy,
forest and arable land, with average of 3
ha/household member / year.
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Abstract
Oil palm empty fruit bunches (OPEFB) can be utilized for bioethanol production which consists of three main
processes: pretreatment, hydrolysis, and fermentation. Pretreatment process with 76.46 kg OPEFB results in 3,000 liters
wastewater, called black liquor with high COD and potentially toxic chlorinated compounds. Technology for degradation of
black liquor by using several alternative treatments (i.e.: coagulation, Fenton, combination coagulation-Fenton) is developed.
The efficient wastewater management is related with environmental impact. Considering an environmental aspect through
the efficient development of an engineering process for black liquor in production second generation bioethanol must be
done. It can be obtained by using the life cycle assessment. In this work, the life cycle assessment methodology is utilized to
estimate environmental impact of two processes, Fenton and Fenton-like methods, in terms of decolorization of black liquor,
lignin removal, and sludge weight. Among two methods, Fenton-like method resulted in the higher decolorization of black
liquor, the higher degradation of lignin, and the lower sludge weight. Furthermore, a software package SimaPro 8.1 faculty
license was used to analyze of the life cycle assessment (LCA) both of two methods to calculate CO2 eq emission and that
effect in human toxicity, climate change, ozone depletion, ecotoxicity, eutrophication, and climate change ecosystems. The
Fenton-like is more environmental effect than Fenton method to treatment black liquor.
Keywords: Bioethanol wastewater; Fenton method; Fenton-like method; LCA

1.

INTRODUCTION

The process of converting oil palm empty fruit
bunches (OPEFB) to bioethanol consists of four
steps: pretreatment to remove lignin and
hemicellulose, hydrolysis of cellulose to produce
reducing sugars, fermentation of sugars to ethanol,
and distillation of product ethanol. Pretreatment
process has divided into several types:
physical/mechanical, chemical, biological, or a
combination of these types. Pretreatment of
lignocellulosic used NaOH because of increasing
the internal surface of cellulose, decreasing the
degree of polymerization and crystallinity which
provokes lignin structure disruption [1].
In pilot plant of bioethanol production in
Research Center for Chemistry, Indonesian
Institute of Sciences (LIPI), OPEFB 600 kg
resulted bioethanol as 76.46 kg and 3000 liters
wastewater obtained from pretreatment process
using alkali NaOH, called black liquor. It releases
black colored effluent, high COD, and suspended
solids. Physical, chemical, or biological processes
has been investigated for black liquor treatment
from the paper manufacturing process. However,
there are few studies conduct research about
wastewater treatment from bioethanol production.
Otherwise, we should think both energi production
and wastewater as environmental impact from
bioethanol production.

Owing to complex structure of black liquor, it
can be degraded by Fenton and Fenton-like
methods to oxidize lignin structure from OH
radical system. These systems use hydrogen
peroxide to react with ferrous ions producing
hydroxyl radicals as oxidation agent.
It is important to choose the best wastewater
treatment to obtain both the economical and
environmental benefits. Life cycle assessment
(LCA) can be the one option to know the potential
environmental impacts of a product system
throughout its life cycle. Research efforts have
been mainly directed toward the optimization of
bioethanol production while LCA is developed to
assess
different
environmental
impacts
encountering during a product’s lifetime [2]. A life
cycle inventory is made based on mass and energi
balances from input and output flows during
collecting data. Thereafter, the environmental
impact categories (such as depletion of resources,
global warming potential, ozone depletion,
ecotoxicity, eutrophication, landscape degradation,
etc) are determined. These categories are weighted
to obtain the final decision whether to choose one
technology. LCA studies about wastewater
treatment have been many performed and
disscussed by Suh and Rousseaux, 2002; Renou et
al. 2008; Corominas et al. 2013; Rahman et al.
2016 [3][4][5][6]. However, LCA study about
wastewater treatment obtained from bioethanol
production is still limited.
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Based on this reason, a comparison of
Fenton/Fenton-like
in
terms
of
organics
degradation efficiency and environmental impacts
for bioethanol effluents treatment through LCA is a
highly important to be conducted. The goal and
scope of this work is to utilize LCA methodology
in order to assess the environmental footprint of
black liquor treatment in laboratory scale to
identify their environmental impacts. For the
authors’ best knowledge, there is no published
research dealing with this subject.
2.

METHODS

2.1. Product system description
Black liquor is obtained from pretreatment
process in bioethanol production from oil palm
empty fruit bunches in Research Center for
Chemistry, Indonesian Institute of Sciences. Fenton
and Fenton-like methods were used to treat black
liquor. These treatments were carried out at room
temperature (25-27°C)., hydroxyl radical was
generated by mixing of 70 mM FeSO4 and 3 M
H2O2 (1:1) for Fenton method, and 70 mM FeCl3
and 3 M H2O2 (1:1) for Fenton-like method. 10 %
(v/v) Fenton or Fenton-like reagent was added to
black liquor with the total volume was 1500 ml.
This solution was strongly mixed at 200 rpm for
ten minutes by using a jar test, and then slowly
mixed at 50 rpm for two hours, and then left steady
for 24 h for sedimentation. Further, the solution
was centrifuged at 10,000 rpm for 10 minutes. The
decolorization of black liquor and degradation
lignin were determined by measurement of
supernatant in Spectrophotometer (Optizen 2120
UV). The sludge was dried at 50 °C for 24 hours,
and then weighed.
2.2. Impact assessment methodology
The system boundaries for black liquor
treatment by using Fenton and Fenton-like
processes were determined (Fig. 1). In this study,
pretreatment process in bioethanol production was
not included inside the boundaries. The main
system flows of this work were the energy inputs
(electricity), the materials that were used
(chemicals), and the outputs to the nature.
Treatment of 1500 ml of black liquor was taken in
the experiment and two-type processes were
compared according to their ability in decolorizing
black liquor, degrading lignin, and producing dr
sludge. Hence, the Fenton and Fenton-like were
compared according to their environmental impacts
in removing 1 % of decolorization per meter cubic
of black liquor. Further, inventory process based on
laboratory experiment and secondary data from
library database (Ecoinvent 3, Agri-footprint
USLCI) was determined. SimaPro Faculty Licence

8.1.1.16 was used to simulate the environmental
impact assessment of these two methods. In respect
of this, LCA methodology was utilized to assess
the environmental impacts of each process, and
then interpretation of results was determined to
obtain conclusion what method has a more
environmentally friendly system.
3.

RESULTS AND DISSCUSSIONS

Fenton method has the ability to destruct the
organic compound structure by using OH radical
system [7]. Torrades et al. [8] reported that COD
and color were removed 94% and 80%,
respectively, by using this method. Table 1 shows
the summary of our results. Fenton and Fenton-like
methods were effectively used for black liquor
treatment. Fenton-like method has better results in
terms of decolorization of black liquor, degradation
of lignin, and dry sludge. It is known that addition
of H2O2 influences the decomposition of complex
organic compounds due to an increase in the
available OH radicals by Fenton’s reaction [9].
Hydroxyl radicals attack phenolic groups of lignin
in black liquor thus decolorizing black liquor
wastewater.
Table 1. The ability of Fenton and Fenton-like
methods for black liquor treatment
Parameters

Fenton

Fenton-like

Decolorization of
black liquor (%)
Degradation of lignin
(%)
Sludge weight (gram)

51.45

55.57

24.85

37.49

0.69

0.513

The inventory process of Fenton and Fentonlike methods for black liquor treatment is presented
in Fig. 1. These datas were used as input in
Simapro.
Each process in Fenton method contributed CO2
eq emission, including black liquor, production
and utilization of hydrogen peroxide and ferrous
sulphate (Fig. 2). Fenton process also contributed
for CO2 eq emission. So that, based on the
calculation, 1 m3 black liquor effluent from Fenton
method contributed CO2 eq emission 15.3 kg into
environment.
Fenton-like method showed the similar result
with Fenton method. Each process contributed for
CO2 eq emission (Fig. 3). Based on the calculation,
1 m3 black liquor effluent from Fenton-like method
contributed CO2 eq emission 23.2 kg into
environment.
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Fig. 3. Dendrogram of the Fenton-like method and
its main contributions to environmental impacts.

Fig. 1. System boundary of black liquor wastewater
treatment

The aforementioned findings regarding CO2 eq
emission were also confirmed with environmental
impact assessment of Fenton and Fenton-like
process onto human health, ecosystem and
resources. Interpretation data was conducted using
the ReCiPe method. The ReCiPe method
transforms the LCI results into a broadest number
of impact categories [10]. In this method, the
severity of each impact category was counted to
assess the environmental sustainability of the
process. Hence, the environmental impacts during
Fenton and Fenton-like treatments, based on the
ReCiPe method, for 1 m3 of black liquor are
presented in Fig. 4 and 5.
Concerning marine ecotoxicity, freshwater
ecotoxicity, freshwater eutrophication, and climate
change ecosystems, Fenton method has a lower
score than Fenton-like method.

Fig. 2. Dendrogram of the Fenton method and its
main contributions to environmental impacts.

In the case of human toxicity, climate change
human health, and ozone depletion Fenton-like
showed a higher value than the Fenton method,
thereby revealing the environmental disadvantages
associated with this method. The most significant
environmental impact during black liquor
wastewater treatment is climate change human
health.
The largest contribution to the environment on
the Fenton method just was caused by the chemical
process of H2O2. FeSO4 only gave the small
impact to the process. While in the Fenton-like
method, both H2O2 and FeCl3 gave the big
contribution to the environmental impact. As seen
in Fig. 3, the FeCl3 have the bold line as same as
H2O2. Based on these results, it is clearly that the
Fenton-like method is less environmental friendly
than Fenton.
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Fig. 4. Severity of impact categories for marine
ecotoxicity, freshwater ecotoxicity, freshwater
eutrophication (a), and climate change ecosystems
(b) according to the ReCiPe methodology for
treatment of black liquor using Fenton and Fentonlike methods.
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Fig. 5. Severity of impact categories for human
toxicity, climate change human health (a) and
ozone depletion (b) according to the ReCiPe
methodology for treatment of black liquor using
Fenton and Fenton-like methods.
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4.

CONCLUSIONS

The ultimate goal of this work was to identify
the environmental impacts of Fenton and Fentonlike methods using LCA. The main conclusions
drawn from this work are summarized as follows:
•
•

•

Black liquor can be treated by using Fenton
and Fenton-like methods
By using LCA calculation, Fenton method
shows more environmentally friendly method
than Fenton like method based on lower CO2
eq emission
Fenton methods shows also lower overall
environmental impacts onto human health,
ecosystem, and resources thus it can be
considered as a more viable and sustainable
option than Fenton-like method.

least sludge production using modified Fenton
process,
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Recently, the selection of technologies for
bioethanol production is only based on technical
criteria. The sustainability improvement on the
wastewater management is still needed. Overall,
this work provides decision makers regarding the
environmental impacts of black liquor wastewater
treatment when applied at laboratory-scale. It will
has beneficial for a potentially black liquor
treatment system implemented at large scale.
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Abstract
To improve competitiveness, PT X as an automotive manufacturer should reduce waste that do not add value to its products. This
concept is the basis for lean manufacturing. By applying this concept, PT X may also implement the green manufacturing which
minimize the environmental impact of waste. Therefore, it is important to know the implementation’s result of lean and green
manufacturing concept in the company. The purpose of this study is to measure the performance of stick coil’s production line by
using lean and green manufacturing approach. Data of lean and green gathered through recording, measurement and interviews.
Measurements were taken to obtain primary data, while recording and interviews were to obtain secondary data of the company. The
lean manufacturing’s data processing was performed by the creation and analysis of Value Stream Mapping (VSM) of production
process, followed with calculation and analysis of waste and cost of waste. Green manufacturing’s data processing and analysis was
conducted by developing VSM for identifying the usage of materials and electricity as well as analyzing the impact of waste on the
environment, and calculating the score of Green Industry Award questionnaire. Based on the results obtained, the average ratio of
defects (scrap) in each stick coil process is still in the limit set of the company i.e 0.16% of the maximum target of 0.33%. While the
wasting costs due to defect (scrap) and over processing (rework) are Rp 21,763,035,- and Rp 8.688.000,- respectively. The score of
green industry questionnaire for stick coil’s production lines is 80 (level 3 of green industry award).
Keyword: Green manufacturing; Lean manufacturing; Value Stream Mapping; Waste

1.

INTRODUCTION

Intense competition in the industrial world, especially
in the automotive industries has forced all industries to
make continuous improvements so that they have
competitive advantages in product quality, pricing, and
just in time delivery. One step that can be done is to
reduce waste that does not add value to the product.
Wastes may include activities such as waiting, excessive
inventory, transportation, motion, defects, over
processing, and overproduction.This concept is the basis
for lean manufacturing. Lean manufacturing approach
emphasizes the production process that uses less material,
supplies, area, and employees to reduce costs [1].
In the 1950, Ohno built the pillars of production
system in toyota such as Just in Time and Jidoka, shich
later in 1990 “formally introduced as “Toyota Production
System” [1]. The concept of TPS is to eliminate waste,
reduce costs, and produce quality goods in the quantities
required. Besides increasing the cost of production, the
wastes may have an impact to the environment. Impact on
the environment is the focus of green manufacturing.
Green manufacturing is a method for minimizing
waste in terms of the environment by using resources
more efficiently. Green manufacturing has the same
concept as lean manufacturing, but more focused on the
environment [2]. Implementation of lean manufacturing
will certainly reduce costs caused by waste thereby
enhancing the competitiveness of enterprises. With the

implementation of lean manufacturing, it can be said that
the company also implemented green manufacturing.
One of the methods to identify waste based on lean
and green manufacturing concepts is Value Stream
Mapping (VSM). Value stream mapping is a description
of all activities (both value added and non-value added)
required to produce goods from raw materials to finished
goods and shipped to customers [3]. Every waste that
occurs have impact to environment. The impact’s
explanations of waste were seen in Table 1.
Table 1. Enviromental impacts of waste [4]
Waste
Enviromental Impacts
More raw materials and energy
consumed in making the unnecessary
products
Extra products may spoil or become
Overproduction obsolete requiring disposal
Extra hazardous materials used result
in extra emissions, waste disposal,
worker exposure, etc.
More packaging to store work-inprocess (WIP)
Inventory

More materials needed to replace
damaged WIP
More energy used to heat, cool, and
light inventory space

ICSoLCA
ICSoLCA2016
2016||21
32

Proceedings of the 2nd ILCAN Conference Series on Life Cycle Assessment
Universitas Pelita Harapan, Tangerang, 2-3 November 2016

Table 1. Enviromental impacts of waste [4] (Continued)
Waste
Enviromental Impacts
More energy use for transport

Transportion
and Motion

Defect

Emissions from transport
More space required for WIP
movement
Damage and spills during transport
Transportation of hazardous materials
requires
special
shipping
and
packaging to prevent risk during
accidents
Raw materials and energy consumed in
making defective products
Defective
components
recycling or disposal

require

More space required for rework and
repair, increasing energy use
Over
processing

Waiting

PROBLEM IDENTIFICATION:
The company has never conducted a performance
measurement by using lean and green industry approach

OBJECTIVE DETERMINATION:
To measure the performance of stick coil’s production
line by using lean and green industry approach

LITERATURE REVIEW:
Review the references regarding lean and green industry
approach

More parts and raw materials
consumed per unit of production

DATA COLLECTION

Unnecessary processing increases
wastes, energy use, and emissions
Potential
material
spoilage
or
component damage causing waste
Wasted energy from production
downtime

The purpose of this research is to measure the
performance of stick coil’s production line by using lean
and green manufacturing approaches. Lean manufacturing
approach is used to measure the maximum ratio of target
defect (scrap) established by PT X to actual defect ratio
(scrap) and to calculate the wastes generated in the stick
coil production line. Performance based on the green
industry approach is measured by calculating the score of
green industry awards questionnaire developed by the
ministry of industry [5]. The green industry approach is
also used to determine the use of materials and electrical
energy during production processes and to analyze the
relationships of lean manufacturing’s wastes with the use
of materials and electrical energy.
2.

PRELIMINARY STUDY:
Determine the topic, observe the production process

Company’s
general data:
• Profile and
organisation
chart
• Working hours
• Products
• Stick coil
production line

Lean industry
data:
• Stick coil
production
process
• Customer
demand
• Operation ratio
• Standard cycle
time
• Processing rate
• Material price
• Defect rate
• Rework rate

Green industry
data:
• Material usage
• Electricity
usage
• Products
• Green industry
Award
questionnaire

B

A

Fig. 1. Research method diagram

METHODS

This study is conducted in several steps. Those steps
starting from preliminary research, the formulation of the
problem, determination of research objectives, literature
review, data collection, processing and analysis of data,
and the last is the conclusion and suggestions. Data
collection consist of three types of data, which is
company’s general data, lean manufacturing data, and
green manufacturing’s data. Data processing is started
from processing lean manufacturing’s data first, then
continued by processing green manufacturing’s data. The
research method diagram can be seen in Fig. 1.
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The calculation of the value added time is:

B

A

Working Time
1 shift = 8 hours = 28,800 seconds
Target value added time/shift
= 28,800 seconds × 88%
= 25,344 seconds
Allowance 12% (non value added)
= 28,800 seconds – 25,344 seconds
= 3,456 seconds

Data processing & analysis

Performance
measurement by using
lean manufacturing
approach:
• Takt time calculation
• Calculation of
production target
• Development and
analysis of production
process VSM
• Calculation of waste
and cost of waste

Performance
measurement by using
green manufacturing
approach:
• Waste environmental
impact analysis
• Calculation of material
usage
• Calculation of electrical
energy usage
• Development and
analysis of materials and
energy use VSM
• Calculate and analyse
score of green industry
award questionnaire
• Calculate and analyse
relationship between
environmental waste
and lean industry waste

The takt time (customer driven) can be calculated
after calculating the customer demand per shift. Takt time
is the time required between completions of successive
units of end product; it determines how fast a process
needs to run to meet customer demand [6].
Demand/shift

=

=

(1)
unit/shift

1/#" FG$/H$IH" (1$-0"* K$HL" F&&"&)

=

CONCLUSION

NLO*)#"-!"#$%&

(2)

>P,QRR S"T/O+/V*
Q,PQR W%/*/O+/V*

= 7.17 sec/unit

Fig. 1. Research method diagram (Continued)
3. RESULT AND DISCUSSION
Using

!"#$%& $ ()%*+
,)-./%0 1/#" $ #)%*+
789:
23,563
;<8:=
3,534
?@AB
B=9E:
>3
×D
;<8:=
?@AB

The result of takt time is:
Takt time =

3.1. Performance
Measurement
Manufacturing Approach

=

Lean

3.1.1. Production Process and Development of VSM
Stick coil’s production line consists of four subline,
namely Spool molding, Assembly, Potting and
Performance Check with the production process of
subline spool molding begins and ends at the subline
performance check. The production process begins at the
spool molding that consists of two parallel processes,
which is the 1st line spool and 2nd line spool. Both spool
line has the same processes: molding, gate cut and
terminal gate assy. Assembly’s subline is composed of
three main processes, they are the 1st line winding and
winding sub assy, 2nd winding line, and case & coil assy.
From the assembly’s subline, the process continue to
potting’subline that consist of three processes: pre-heat
oven, potting, and curing oven. The last subline is
performance check. The processes in this area consist of a
seal and cap plug, performance test and final inspection.
Stick coil production line operation is given a target ratio
of 88% (value added) and 12% allowance (non value
added) from available working time.

After calculating the takt time, then the target
production is calculated. Stick coil production line sets the
standard cycle time of seven seconds to produce a single
product. Production target per shift can be calculated as
follows:
Production Target =
=

1$-0"* K$HL" F&&"& 1/#"/S+/V*
S*$%&$-& NXTH" 1/#"

(3)

>P,QRR S"T/O+/V*
2 S"T/L%/*

= 3,620 unit/shift
The standard cycle time is set faster or equal to takt
time to ensure that the customer demand is met. Cycle
time that is exceeding takt time will result in the need for
additional working time so that the customer demand is
met. After knowing the target production and demand
customer/shift, the results from those calculations are
used to calculate the lead time in the VSM. Lead time
calculation using this formula:
Lead time =

,YZ [L$%*/*X

!"#$%& )- Z-)&LT*/)%

(4)

Lead time is the time it takes one piece to move all the
way through a process or a value stream, from start to
finish [7]. Work in Process (WIP) is the quantity of things
currently inside the process [8]. Total lead time based on
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the production target and customer demand can be seen in
Table 2.
Table 2. Total lead time result
Calculation Based on
Total Lead time (days)
Production Target
4,309
Customer Demand
4,320
Table 2 showed total lead time across the stick coil
production process based on costumer demand is 4,320
days, while based on target production is 4,309 days.
From Table 2, it is known that the lead time based on the
production target is smaller than the lead time based on
consumer demand. It indicates that the stick coil
production can meet consumer demand in January 2016.
The lead time of production must be less than or equal to
the consumer based lead time so that the consumer
demand is met. VSM can be seen on the Fig. 2 combined
with material and electricity used.
3.1.2. Calculation of Wastes
Based on observations and measurements, waste
contained on the stick coil production line is defect
(scrap) and over-processing (rework). Cost of defect
calculation using Eq. (5) :
COWdefect (n-process) = Qdefect {(PR × ∑CT) + ∑MC} (5)
Where:
COWdefect
Qdefect
PR
ΣCT
ΣMC
n

= Cost of defect (scrap) (Rp)
= Number of defect of each process (unit)
= Processing rate (Rp 40/second)
= Cumulative process cycle time
(seconds/unit)
= Cumulative cost of material used (Rp/unit)
= In process defect

While calculation cost of over processing (rework) using
Eq. 6:
COWrework = Qrework (WR × PR)
Where:
COWrework = Over processing cost (rework) (Rp)
WR
= Rework’s processing time
(5 minutes/unit = 300 sec/unit)
PR
= Processing rate (Rp 40/sec)
Qrework
= Rework’s quantity (unit)
COWrework = Qrework (WR × PR)
= 724 (300 sec × Rp 40/sec)
= Rp 8,688,000,3.2. Performance
Measurement
Manufacturing Approach

Qdefect
(unit)

∑CT
(sec/unit)

∑MC
(Rp/unit)

37

10.85

1,406

60

13.08

748

76,272

59

17.70

5,182

34,510

200

20.12

3,566

874,160

15

75.23

49,568

788,658

Potting

320

82.74

52,596

Performan
ce Check

29

101.62

55,196

1st Spool
Line
2nd Spool
Line
1st
Winding
Line &
Winding
Sub Assy
2nd
Winding
Line
Case &
Coil Assy

Total

COWdefect
(Rp)
68,080

17,889,792

Using

Green

3.2.1. Enviromental Impact of Waste
Wastes generated in the stick coil’s production line
have impacts on the environment as described in Table 4.
Wastes are categorized as defect and over-processing.
Table 4. Enviromental impacts of wastes
Waste
Enviromental Impacts
Raw materials and energy
consumed in making defective
products
Defect

Table 3. Calculation of cost defect summary
Process

(6)

Over processing

Defective components require
recycling or disposal
More space required for
rework and repair, increasing
energy use
More parts and raw materials
consumed
per
unit
of
production
Unnecessary
processing
increases wastes, energy use,
and emissions

Table 4 explains that the environmental impacts due
to any defect products are wasted materials and energy as
well as extra space needed to dispose and rework the
product. Product defects will also cause over-processing
so that the product can be sold. Over processing (rework),
requires additional materials such as acetone. The usage
of these chemicals will cause emissions and impact on the
environment, especially health problems in workers who
conduct the rework process. Over processing (rework)
also requires additional energy. The extra energy
consumption can be omitted if there are no defect goods.

1,718,563
21,763,035
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3.2.2. Material and Electricity Consumptions
VSM on Fig. 2 shows that there are differences
between the planned and actual consumption of materials.
In the production process of stick coil, there is small
amount of material waste but it has already been
calculated as material allowance set in the bill of
materials. Material waste can not be avoided as it is
related to the production process. Material wastes are
divided into two categories: the wasted material generated
during production process and wasted material generated
in the preparation process. The wasted material during
production process is the scrap resulted from 1st & 2nd
molding process, while the wasted material in the
preparation process is material waste generated during
molding and potting machine set-up. The cost of material
waste has already been calculated as processing rate.
VSM on Fig 2 also shows that there is a difference
between the planned and actual electricity consumption.
The difference is happened because PT X has some
energy saving programs initiated by the production
engineering division. One of the energy saving programs
is to set the machine in stand-by condition during break.
This stand-by setting conditions is intended to reduce
electrical power consumption needed to set up machine
after it has been switched off during break. In addition,
the setting of stand-by mode can shorten machine set-up
time after break. From Fig. 2, it is seen that the total
planed energy consumption is 427.9 kWh and the actual
consumption is 414.09 kWh.
3.2.3.

Performance Measurement
Industry Award

Using

Green

Green Industry Award initiated by the Ministry of
Industry of the Republic of Indonesia has been conducted
since 2010 [9]. The main purpose of this award is to
encourage industries in implementing green industry
principles. The award will be given to the company who
has been contributed to the country's economy, helping
communities and contribute to the conservation of the
environment with efficient use of resources and
implementing production processes environmentally
friendly [5].
In assessing whether industry has implemented green
industry principles, The Ministry of Industry developed
self-assessment questionnaires. There are three aspects to
be considered in the questionnaires: production process
(aspect A), waste/emission treatment performance (aspect
B), company’s management (aspect C). Each aspect
consists of several sub-aspects to be assessed based on
company’s factual data. Production process aspect
consists of seven sub-aspects, which are: production
efficiency program, input materials, energy, water,
process technology, human resources, and work
environment. In the waste treatment aspect, there are two
aspects to be considered. They are conformity to standard
permissible limit of environmental factors and waste

treatment facility. Company’s management aspect
consists of four sub-aspects: certification, CSR, award,
employee health. Each sub-aspect consists of several
indicators to be scored from 0 to 4. The total score will be
calculated by using this formula:
Total_score=
\]\^_ `a]bc d
\]\^_ `a]bc n
(
i 0.7 +
i 0.2 +
e^fgehe `a]bc d
\]\^_ `a]bc p

e^fgehe `a]bc n

i 0.1) x 100%
(7)
e^fgehe `a]bc p
After getting the total score, it will be compared to the
classifiaction of green industry award on Table 5.
Table 5. Classification of Green Industry Award [5]
Classification Score interval
Level 5
90.1-100
Level 4
80.1-90.0
Level 3
70.1-80.0
Level 2
60.1-70.0
Level 1
50.0-60.0
Performance measurement of green industry award
for PT X is level three with a total score of 80.0. It can be
concluded that the company has strong commitment to the
environment but it can not be classified as the company
which has implemented sustainable green industry (the
score is below 90.1)
3.2.4. Relations between Environmental Waste Costs to
The Lean Manufacturing Waste Cost
After knowing the impact of waste on the
environment, then the calculation of the cost of waste in
terms of the environment is conducted. This calculation
shows that the waste generated in the stick coil’s
production lines relates with the impact to the
environment and also affects the costs incurred by the
company. As already described on Table 4, there are
material wastes in the producion of defect products. If the
item can not be reworked then the item will be scrapped
and need to be disposed. Therefore the cost of material
waste for defective product will be calculated by using
Eq. 8:
COWMdefect (n-process) = Qdefect × ∑MC
Where:
COWMdefect
Qdefect
ΣMC
n

(8)

= Cost defect material waste/scrap (Rp)
= Number of product defect of each
process (unit)
= Cumulative cost of the material used
(Rp/unit)
= In process defect

The summary of material waste cost of defective product
can be seen in Table 6.
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Table 6. Calculation cost of material waste summary
Qdefect
(Unit)

Process
1st Spool Line

37

2nd Spool Line

60

1st Winding Line &
Winding Sub Assy

59

2nd Winding Line

200

Case & Coil Assy

15

Potting

320

Performance Check

29

∑MC
(Rp)

∑COWMdefect
(Rp)

1,406

52,022

748

44,880

5,182

305,738

3,566

713,200

49,568

743,520

52,596

16,830,720

55,196

1,600,684

Total

Material Cost Ratio

=

COWEdefect (n-process) = Qdefect (PREP × ΣCT)
Where:
COWEdefect = Cost of electricity waste (Rp)
Qdefect
= Number of defect of each process (unit)
PREP
= Processing rate of electrical energy
(Rp 3.84/sec)
n
= In process defect
Table 7. Calculation of electricity cost summary

st >D,25Q,3QP

Qdefect
(Unit)

∑CT
(sec)

PREP
(Rp/sec)

COWEdefect
(Rp)

1st Spool Line

37

10.85

3.84

1,542

2nd Spool Line

60

13.08

3.84

3,014

1st Winding Line
& Winding Sub
Assy

59

17.70

3.84

2nd Winding Line

200

20.12

3.84

Case & Coil Assy

15

75.23

3.84

Potting

320

82.74

3.84

Performance
Check

29

101.62

3.84

Process

20,290,764
st >3,>u3,25R

× 100% = 93.39%

Extra material needed to perform rework is acetone. The
proportion of acetone in expense cost is 1% and the
proportion of expense cost in processing rate is 24%.
Therefore the cost of acetone in processing rate(PRRM) is:

Total

PRRM = 1% × 24% × Rp 40/sec = Rp 0.096/sec
The material cost to perform rework is calculated by using
Eq. 9:
COWMrework = Qrework (WR × PRRM)

(9)

Where:
COWMrework = Over processing material cost (Rp)
WR
= Rework’s processing time
(5 minutes/unit = 300 sec/unit)
PRRM
= Rework’s material processing rate
(Rp 0.096/sec)
Qrework
= Rework’s quantity (unit)
COWMrework

= Qrework (WR × PRRM)
= 724 (300 detik × Rp 0.096/sec)
= Rp 20,851.20

Acetone cost ratio=

st >3,6PD.>3
st 6,566,333

(10)

× 100% = 0.24%

As already described in Table 4, there are energy
consumption in producing defective product. The
proportion of energy cost to expense cost is 40%.
Therefore, the energy (electricity) cost on processing rate
is calculated below:
PREP = 40% × 24% × Rp 40/sec = Rp 3.84/sec
The cost of electricity consumption on making defective
product is calculated by using this formula:

Electricity cost ratio=

4,010
15,452
4,333
101,671
11,316
141,338

st DRD,QQ6
st >D,25Q,3QP

× 100% = 0.65%

The proportion of energy cost for rework to
expense cost is 0.06%. Therefore the energy cost of
rework on processing rate is calculated below:
PRER = 0.06% × 24% × Rp 40/sec = Rp 0.00576/sec
Calculation of electricity cost to perform rework is using
Eq. 11:
COWErework = Qrework (WR × PRER)

(11)

Where:
COWErework = Over processing electricity cost (Rp)
WR
= Rework’s processing time
(5 minutes/unit = 300 sec/unit)
PRER
= Rework’s electricity processing rate
(Rp 0.00576/sec)
Qrework
= Rework’s quantity (unit)
COWErework

= Qrework (WR × PRER)
= 724 (300 sec × Rp 0.00576/sec)
= Rp 1,251.07

Rework Electricity cost ratio=

st D,>PD.32
st 6,566,333

× 100%

= 0.014%
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19.58 g

83,7 KWH

1 Day

1 day

Mizusumashi

Warehouse
I

Imported raw materials=2 months
Local raw materials=2 days

Supplier

12.73 g

81 KWH

6,61 Sec

6,61 Sec

C/T = 6.20 s
C/O = SD = 0.59

2

1st Spool
Molding

C/T = 6.61s
C/O = SD = 0.43

2

2nd Spool
Molding

Daily
Schedule

174 g

134,1 KWH

0,039 Day

0,040 Day

Mizusumashi in Line

C/T = 7.04 s
C/O = SD = 0.91

1

C/T = 7.13 s
C/O = 160.28 s
SD = 2.08

6

Case & Coil
Assy

0,27 Day

0,28 Day

FIFO

41.60 g

Potting

32 g

196,84 KWH

7,51 Sec

7,51 Sec

C/T= 7.51 s
C/O= SD = 1.21

1

203,4 KWH

Daily
Schedule

Monthly
Order

Fig. 2. Value stream mapping (combined)

174 g

129,77 KWH

7,13 Sec

7,13 Sec

C/T = 6.85 s
C/O = SD = 0.92

1

FIFO

Daily
Schedule

Production

Production
Control

1st Winding Line
2nd Winding
Line
FIFO and Winding Assy

Monthly
Purchase Order

11.8 g
11.8 g

6,48 KWH

6,57 Sec

6,57 Sec

C/T= 6.57 s
C/O= 66 s
SD = 0.92

3

Performance
Check

6,7 KWH

1 Day

1 Day

FIFO

Daily
Delivery

2 Day

2 Day

Mizusumashi

I
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Total Material Plan =
246.98 g
Total Material Used =
230.53 g

Total Electric Plan=
427,90 KWH
Total Electric Used
= 414,09 KWH

Total Lead Time =
4,309 Days
Value Added Time
= 6,57 s

Production Target
= 3.620 unit/day

Total Lead Time =
4,320 Days
Value Added Time
= 6,57 s

Customer Demand =
3.534 unit/day

Export delivery = 2 weeks
Local delivery = 3 hours

Customer
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From all the calculation carried out in this section it
can be concluded that the cost of waste that occurs in the
production line (defect and over processing) consist of the
cost of the use of materials and electrical energy. It is
shown in the variable processing rate. The cost of material
waste is higher than the cost of electrical energy waste.
4. CONCLUSION
Based on the lean manufacturing approach, it can be
concluded that:
1.

2.

3.

There are two categories of waste generated in the
production lines of stick coil, which are defect and
over-processing.
The cost of waste for defect is Rp 21,763,035,- while
the cost of waste for over processing is Rp
8,688,000,-.
The results of performance measurement based on a
target of defect (scrap) ratio maximum in stick coil
production line shows that the average ratio of defect
(scrap) is 0.16% and it is still below the limits set by
PT X which is 0.33%. Meanwhile the defect ratio of
the potting process is 0.44%, which exceeds the limit.
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Abstract
A wrong perspective says that make-to-order companies should not focus on scheduling. This is what happens in PT.
Matahari Leisure, one of the leading amusement machine manufacturers in Indonesia. Focusing on High Five production line,
there are imbalances. Those imbalances are analyzed with lean manufacturing approach, issuing seven deadly wastes. It is then
connected to green manufacturing concept which has been a key concept in sustainable development. Therefore, this research is
headed to measure the production process performance using lean and green manufacturing approach. To achieve it, primary data
is gathered directly from company documents while the secondary data is collected or calculated through interview and
observation in 200 hours. Using value stream mapping of production time, lead time is too long, compared to value-added time.
Cycle time is also exceeding standard, especially in wood shop. It is due to several wastes, including unnecessary motion, waiting
time, and excess inventory. Machine breakdown time also exceeds standard. In manual machine, it exceeds 4.58%. According to
flow of energy, energy consumption is 12.384 MJ/product meanwhile total energy cost is IDR 282,246.94, mostly charged from
CNC machines. The cost excludes excess energy cost. Lack of attention to energy management can be strongly seen in
questionnaire result. All aspects about energy are evaluated with score 0 and affects total score 56.53, which is classified the
lowest level of industrial appreciation about environment. In conclusion, PT. Matahari Leisure needs evaluation on lean
manufacturing implementation to be able to start showing commitment about environment under green manufacturing approach.
Keywords: Energy; Green Manufacturing; Industry Self-Assessment Questionnaire by Ministry of Industry of Republic
Indonesia; Lean Manufacturing; Seven Deadly Wastes

1.

INTRODUCTION

PT. Matahari Leisure is one of the leading
amusement machine manufacturers in Indonesia.
Applying make-to-order system in production line,
process optimization has become a big problem. The
operational production stresses too much on order
fulfillment. In line with this problem, production
planning and scheduling are often seen as less
important aspects. It is just formal procedure, without
real implementation and targeting. Process
imbalances are the visual proof of this problem.
Focusing on High Five as recent product being made
in period of research, it is found that imbalances are
caused by wastes. In accordance to lean
manufacturing approach, lean process can be
achieved through elimination of seven deadly wastes.
Through personal observation and initial interview, it
is found that several wastes happened in production
line. One of the significance wastes observed is
excess inventories which are waiting too long before
being processed, including raw materials, work-inprocess, and even finished products. It seems that
most area in plant is used to place these inventories.
Overall, lean implementation is not easy since there
are only 10 percent or less of the companies succeed
in implementing it [1]. Those wastes happened have
correlation with environmental impacts. For example,
the excess inventory will lead to consumption of
more energy for inventory operational. Other possible
impacts are more packaging to store work-in-process,

waste from damaged inventory, and more materials to
replace damaged inventory [2]. Moreover, the aspect
of environment has be one important key to integrate
the trilogy of sustainable development [3]. Green
manufacturing deals with maintaining sustainability’s
environmental, economical and social objectives in
manufacturing domain [4]. So, the facts of
imbalances happened have a substantial issue to the
integration of sustainable perspective in running a
company.
According to problems faced, it is essential to
measure the real production process performance,
issuing lean manufacturing approach in relation with
green manufacturing approach. Performance is
defined as identification and measurement of ability
to run a certain process in optimum way. In order to
achieve this objective, several milestones should be
passed, such as waste identification, value stream
map structural analysis, and assessment of green
industry level of appreciation. To have a deep focus
on research, several limitations are made. As
observed before, this research will focus only on
High Five product based on production schedule in
May 2016 with job number 1110. Several data like
actual cycle time also include historical data due to
long duration of cycle time that can not be measured
during direct observation. Meanwhile, value stream
mapping will be the main method to use, in observing
the production time and energy. It is used to show the
clear and the overall picture of the current state [5].
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2.

METHODS

To achieve the main research goal, systematic
methods are planned according to structural
understanding of topic. Those methods are described
in these following phases.
2.1. Preliminary Research
This is the beginning of the overall research
scope. It includes some activities like observation and
quick interview to be able to get information about
company’s current condition. The information is
needed to be able to construct direction of research.
2.2. Problem Identification
Using the initial information from previous
phase, problems are formulated. A problem should be
clear and critical enough to make sure that the
research is needed. In this research, problems are
mainly caused by imbalances inside production line
due to the less control in production scheduling.
2.3. Theoretical Framework
Problems are then translated into theories with
several adjustments to support the research. Lean
manufacturing concept, wastes and its identification
method, and green manufacturing concept are major
theories used. Adjustments are applied in making
connection between lean manufacturing and green
manufacturing. Also, value stream mapping is done
with several additional adjustments so that it is more
relevant to describe the real condition. Adjustment
also happens in calculating total score from
questionnaire used. Some aspects asked in
questionnaire are not evaluated so those are
eliminated before calculation.
2.4. Data Collection and Processing
There are two types of data used in this research,
general data and specific data. History of company,
organizational structure, production process, and
plant layout, are classified as general data.
Meanwhile, standard production time, actual cycle
time, waste identification, standard and actual
machine operational time, questionnaire results, and
certain specification of machines, are classified as
specific data.
In processing data, cycle time will be compared
to standard for every batch of production. Deviation
will be caused wastes, which will be identified
specifically through data gathered and direct
observation. Waste identification will be directed to
green manufacturing implementation. Questionnaire
from Ministry of Industry of Republic Indonesia will
be evaluated to measure the level of implementation
meanwhile data about energy cost spent per product
is converted into currency. To anticipate fluctuation

of currency, energy consumption is also presented in
unit of MJ per product.
2.5. Data Analysis and Discussion
The main tool used in this phase is value stream
mapping. This tool is applied with several
adjustments to see the flow of production and other
information needed. In this case, value stream
mapping is used to construct the flow of production
time per unit product, machine operational time for 3months period, and consumption energy per unit
product. Discussion will focus on causes of wastes
through identifying flow and observation. Moreover,
wastes are connected to green perspective by
evaluating all aspects of questionnaire. Evaluation
consists of ways or methods to fill every aspect in
questionnaire. Indicators of evaluation are also used
to determine scores. Negative potential in green
manufacturing is discussed based on energy used and
its conversion of currency.
2.6. Conclusion and Recommendation
Discussion done in the previous phase is then
used to create conclusion that answers the objective
of research. Several recommendations are also stated
to give suggestions for better research in future.
3.

RESULTS AND DISCUSSION

The results and its discussion will be separated
into 8 parts, including value stream map for
production time, cycle time deviation, wastes
identification, value stream map for machine
operational time, machine breakdown time deviation,
environmental
impacts,
analysis
of
green
manufacturing questionnaire, and value stream map
for energy.
3.1. Value Stream Map for Production Time
Production time includes all processes needed to
manufacture a unit product. Starting from materials
preparation from warehouse, until delivery time to
costumers. In production process, there are 4 main
process identified, classified as wood shop, metal
shop, harness & technician, and assembly. The
production steps are illustrated in Fig. 1.
Wood Shop
Metal Shop

Assembly

Harness &
Technician

Fig. 1. Production step
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Monthly Production Plan

Supplier 1

Supplier 2

Production
Control

Purchase Order

Supplier 3

7 days

Customer 1

EHS

I
Receiving dan
Planning

Wood shop

C/T = 8 hours

Customer 3

Assembly

5 people
7 days

Customer 2

20 people
2 days

C/T = 15 hours
Delivery

EHS
7 days

8 hours

15 hours

I

Metal shop

Assembly

30 days

17 people

20 people

C/T = 15 hours

5.5 days

15 hours

15 hours

Harness &
technician

Assembly

C/T = 13.7 hours

30 days

Total lead time = 42.5 days = 340 hours
Total value-added time = 30 hours

20 people

11 people
7 days

C/T = 15 hours

1.29 days

13.7 hours

C/T = 15 hours

15 hours

Fig. 2. Value Stream Map production time
Duration to prepare materials are around 7 days.
Meanwhile, cycle time is quite long because of the
complexity and difficulty of each process. Moreover,
the quantity of parts to make a single product is also
very much, using thousands of parts with certain
process. In other sides, time between processes is
quite long. Management set this long time to
anticipate the work that exceed deadline. This excess
time often happens according to historical
production. To sum up, it is significance difference
between lead time which is 340 hours, compared to
total value-added time which is only 30 hours. It
shows that time is mostly spent for material handling,
not production. Environment, Health, and Safety
(EHS) symbols are equipped in wood shop and metal
shop due to several dangerous scraps as result of this
work station. More detail about flow of production
time as value stream map is illustrated in Fig. 2. The
dash lines describe the dummy lines for same
process.
3.2. Cycle Time Deviation
In 4 work stations identified in this research, the
deviation mostly happens in wood shop, even in last
8 batches of production. In this work station,
deviation is quite high. Even in the last 2 batches,
deviation is increasing. The deviation is mostly
caused by wastes that will be discuss later. This
deviation will lead to schedule disruption. The

schedule changed will then lead to more energy used
for completion of work. This is not effective since
energy should be allocated to the next production
batch. In other 3 work stations, deviations are
minimum, even below standard. Although it is below
standard, wastes are still happening. While
minimizing wastes, it is very potential to cut the cycle
time so that standard can be improved in order to
keep value-added time minimum. All cycle time
deviations are shown in Table 1. Negative values
mean below standard and positive values mean
exceed standard. Deviation is sign for inefficiency
[6].
Table 1. Cycle time deviation in each work station
Cycle time deviation (hours)
Job
Harness
Wood Metal
Number
&
Assembly
shop
shop
technician
1085
4.6
-0.77
-1.55
1.4
1090

2.75

-0.27

-2.3

-0.1

1091

2.14

2.78

-0.82

-1.66

1094

2.7

0.12

0.23

-1.03

1099

3.65

-1.3

-1.35

0

1104

0.53

-1.62

-2.42

0

1110

3.3

-2.99

-0.9

-1.07

1113

6.15

-2.12

-0.25

-4.15
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3.3. Wastes Identification
There are several typical categories of waste
(muda in Japanese) [2][7]. Potential of seven deadly
wastes are observed in each work station. After doing
observation, it is found that not all wastes happen
significantly while running production process. This
research is focusing only on significant wastes that
have bigger impact to the previous problem about
cycle time deviation.
In wood shop, the main waste is unnecessary
motion. This waste can be seen in several activities.
First, workers are often doing unnecessary motion
while searching for tools or portable machines in
racks. Those things are actually hard to find due to
unorganized rack. There is no symbols or name for
each tools or machines inside, so that it needs more
time to find the needed tools or machines. Some tools
also do not move back to its original place after
usage, which make the searching more difficult.
Second, fatigue also happens to drive workers for
muscle stretching. It is due to overloaded work
capacity. Third, unnecessary motion also happens
while workers are not competent enough to do the
job, especially in cutting process. This process is
done by 3 workers, so it needs same level of skill and
team work. Factually, some workers are not
competent so they should be taught by other workers.
Those aspects of waste are really essential to cause
the excess cycle time in wood shop.
In metal shop, there are two significant wastes
happen, which are unnecessary motion and waiting
time. Unnecessary motion happens while searching
portable machines in racks. Also, unnecessary motion
happens due to noisy machines around, so that
sometimes workers have to come to other works to be
able to communicate. Not only unnecessary motion,
waiting time also happen as waste. In this case,
waiting time happens while workers are looking at
CNC machines without doing anything, meanwhile
CNC machines are automatic machines that need less
human control. Waiting time also happens during
machine breakdown time. Also, there is more time
needed if breakdown time exceeds standard.
Although have more variations of wastes, wastes
have less significant impacts on cycle time deviation.
This is due to the speed of CNC machines to simplify
work.
In harness & technician, there is no significant
wastes. This is reflected by the consistency of actual
cycle time. There is no much fluctuation and the
deviations are minimum. They also have adjusted the
standard based on historical data, especially in the
last two batches. Because of this, harness &
technician will not be analyzed furthermore.

In assembly area, excess inventory and waiting
time happens as wastes. As inventory, work-inprocess is too much waiting to be done. This should
be processed continuously without interruption or
waiting time. Also, finished products have to wait for
long time before being packed and delivered to
customers. Even, almost all areas of plant are being
taken to place this inventory. To be honest, it seems
more like warehouse than manufacturing plant.
Although there are lots of wastes here, it does not
really significant to cycle time deviation. It is due to
the additional allocation of workers to help
processing material or work-in-process. In the future,
it is better to make sure that all work-in-process are
being processed together, so it will minimize the
completion time.
3.4. Value Stream Map for Machine Operational
Time
There are 4 types of machines used in production
line and technical operation of production. Those are
portable machines such as grinder, manual machines
such as cutting, bending, and punching machine,
automatic machines such as CNC, and utility
machines such as forklift, generator, compressor, and
lamps. All types of machines have their operational
time standards, issuing breakdown time. This
standard is made for 3 months of production. Because
of that, the standard which is in percentage is then
converted into hours by assumption of 20 work days
per month and 8 work hours per work day. Overall
flow of machine operational time in period of 3months is illustrated in Fig. 3 (next page).
EHS symbols are given to manual and automatic
machines due to the higher breakdown time which
leads to higher potential for energy wasting. Manual
machines are mostly place in wood shop. Meanwhile
automatic machines are located in metal shop to
process metal sheets. Metal shop also contains
manual machines to process more simple work.
3.5. Machine Breakdown Time Deviation
According to comparison of standard breakdown
time and actual breakdown time, it is found that
manual machine has the highest deviation from
standard, with value 4.58%, followed by utility
machine with 0.98% and automatic machine with
0.24%. The calculation of comparison is presented in
Table 2. This deviation is caused by several reasons
which will be analyzed then.
Manual machine is type of machine that works
under human control. Problems are not only many
but also take lots of time to handle. For example,
problem of reel material in circular saw that take 15
hours to fix. This type of machine is mostly located
in wood shop, that finally impacts to the high
deviation of cycle time in this work station.
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3-Months Plan

Supplier 2

Purchase Order

3-Months Plan

Supplier 1

Production
Control

Supplier 3

Customer 1

Customer 2

Customer 3

Portable machine
14 machines
Downtime = 2%

480 hours

470.4 hours
Time available = 480 hours

470.4 hours

Operational target = 470.4 hours
Breakdown time target = 9.6 hours

EHSManual machine
Receiving and
Planning

5 machines
Downtime = 3%

480 hours

Delivery

465.6 hours

Time available = 480 hours
Operational target = 465.6 hours
Breakdown time target = 14.4 hours

465.6 hours

EHS
Automatic machine
6 machines

480 hours

Downtime = 5,5%

453.6 hours
Time available = 480 hours
Operational target = 453.6 hours
Breakdown time target = 26.4 hours

453.6 hours
Utility machine
6 machines
480 hours

Downtime = 1%
475.2 hours

475.2 hours

Time available = 480 hours
Operational target = 475.2 hours
Breakdown time target = 4.8 hours

Fig. 3. Value Stream Map machine operational time
3.6. Environmental Impacts
Table 2. Machine breakdown time deviation
Machine
type
Portable

Target

Actual

Deviation

2.00%

1.88%

-0.12%

Manual

3.00%

7.58%

4.58%

Automatic

5.50%

5.74%

0.24%

Utility

1.00%

1.98%

0.98%

Utility machine is type of machine that support
production process. The deviation is caused by the
complexity and difficulty of machine repairing
process. For several machines such as generator, it
needs regular inspection and maintenance to make
sure a good technical operational.
Very small deviation happens in automatic
machine, a type of machine that can run process
automatically under less control from workers.
Machines like CNC need serious maintenance only
after 3 months of operational, so it takes less
breakdown time.
Lastly, the portable machine has run well under
standard, due to the simple way to handle this kind of
machine. The maintenance process is less complex
and many workers already master it.

In accordance to the types of wastes identified in
observation, environmental impacts or its potential
are considered to provide the relationship between
lean practices and green manufacturing concept.
These environmental impacts are described for 3
types of wastes, which are excess inventory,
unnecessary motion, and waiting time [2].
Excess inventory will lead many impacts, such
as more packaging to keep work-in-process. In this
case, the packaging is the usual plastic wrap. The
inventory also has potential of deterioration or
damage and becomes waste. More materials are then
needed to replace the damaged work-in-process.
Moreover, there will be more energy used to
operational of inventory.
Unnecessary motion has several impacts,
including more energy consumption due to useless
motion. Also, there is potential to damage while
taking or moving materials or tools.
Waiting time also leads to several impacts, such
as the damage of finished products and more energy
consumption. Finished products which are ready for
packaging will be dangerous while waiting too long
in plant area. There will be effects from heat and
moist condition that can interact with several metal
components. Also, there is intervention from micro
particles like dust that must be avoided from
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electrical components. Meanwhile, more energy
should also be consumed while system is not running
as its function, to process input become expected
output. One of real case of this waste will be the
machine breakdown time.
3.7. Analysis
of
Questionnaire

Green

Manufacturing

This questionnaire is self-assessment for middle
industry by Ministry of Industry of Republic
Indonesia [8]. While doing this questionnaire, all
aspects about water are eliminated because there is no
contribution of water in production process, so do the
calculation of score. Interval of score will be 0 as the
lowest score and 4 as highest score based on each
indicator in every aspect. Recapitulation of
questionnaire results will be shown Table 3.

Table 3. Questionnaire results (Continued)
Aspects

Human
resources

Workplace

Table 3. Questionnaire results
Aspects
Production
efficiency
programs

Input
materials

Energy

Process
technology

Criteria
Production efficiency
implementation

Score
4

Level of achievement of
production efficiency
programs

3

Material
certification/permit and
MSDS

4

Ratio of products to
input materials

4

Efficiency of input
materials

4

Materials substitution
Energy efficiency
efforts
Renewable energy
usage
Implementation of
energy management
Reduce, Reuse, and
Recycle (3R)
implementation
Process technology
innovation in last one
year
Batch system
performance
SOP for material
handling, production
process, and
maintenance
Product innovation
Ratio of rejects and
defects to total products

Environmental
quality
achievement
Waste
processing

Certification

CSR
4

Rewards

0
0
0
0
0
4
4
4

Human health

Criteria

Score

Improvement of human
resource capacity in
relevant to production
efficiency

1

Number of human
resources that has
certification of
competence
Inspection and
evaluation of K3L
performance based on
Regulation of Ministry
of Manpower and
Transmigration
Republic Indonesia

3

4

Gas and dust waste

4

Operational of waste
processing facility

0

Dangerous wastes (B3)
processing

0

Products

1

Management system
proved with documents

4

CSR implementation

4

CSR activities
Rewards about
production and
environmental concern
in last one year
Medical check up

1
0
0

All aspects of the questionnaire are divided into
3 categories, production, waste/emission processing,
and management. Total scores of each category is
calculated, compared to total maximum score,
illustrated in Table 4.
Table 4. Total score calculation
Categories

Total
score

Production

47

Total
maximum
score
72

Waste/emission
processing

4

12

20%

Management

10

24

10%

Percentage
70%

4
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Using Table 4, further calculation is done to get
Overall Score (OS) of questionnaire. This calculation
is presented below.

OS = (

47
4
10
´ 0.7 + ´ 0.2 + ´ 0.1) ´ 100
72
12
24

According to discussion any problems in lean
practices before, there is big potential to energy
wasting. Wastes identification and machine
breakdown time deviation show it.

(1)

3.8. Value Stream Map for Energy
The components of value stream map consist of
calculation of electricity consumption for machines
and fuel consumption for movement. This flow will
be scoped for production of a unit of product. Detail
electricity consumption is shown in Table 5 while
detail fuel consumption is shown in Table 6. The
power used in every single machine has the unit of
kW which equals to kJ per second. So, total energy
consumed to make a unit of product can also be
calculated. It is 12,384.186 kJ, equals to 12.384 MJ
per unit of product.

OS = 56.53
OS shows the value of 56.53 which is
categorized as level 1 in green industry appreciation,
that is the lowest level [9]. This result shows that the
commitment of green manufacturing implementation
is still low.
One of the reasons to this low level score will be
the aspect of energy. Company has no concern about
energy at all. Even, there is no energy calculation and
other regulation about energy consumption.

Table 5. Detail energy and electricity consumption
Work
station

Wood shop

Metal shop

Harness &
technician

Machine

Power
(kW)

Operational
(hours)

Operational
(seconds)

Energy
(kJ)

Electricity
consumption
(kWh)

Circular
table saw

7

0.8

48

336

5.6

Drilling

0.75

0.8

48

36

0.6

Router

3.04

5.6

336

1021.44

17.024

Grinder

0.58

0.32

19.2

11.136

0.1856

0.71

0.48

28.8

20.448

0.3408

47

2.2

132

6204

103.4

14.3

2

120

1716

28.6

14

2.5

150

2100

35

2.64

2.58

154.8

408.672

68.112

Circular
saw

1.5

1.25

75

112.5

1.875

Welding

0.9

2.67

160.2

144.18

2.403

Drilling

0.75

0.8

48

36

0.6

Grinder

0.58

1

60

34.8

0.58

Crimping

0.25

12.87

772.2

193.05

32.175

PC

0.2

0.83

49.8

9.96

0,166

12,384.186

Overall
electricity
consumption
(kWh)

Surface
grinder
CNC
laser
CNC
punch
CNC
bend
Bending

Overall energy consumption (kJ)

Total
electricity
consumption
(kWh)

23.7504

179.2692

3.3835

206.4031
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Table 6. Detail fuel consumption
Distance
(m)

Fuel consumption
(litre/m)

Warehouse – wood shop

180

0.018

Wood shop – assembly

210

0.021

Warehouse – metal shop

240

Metal shop – assembly

330

0.033

Assembly – finished products area

80

0.008

0.0001

Monthly Production Plan

Supplier 2

Production
Control

Purchase Order

Supplier 3

Customer 1

EHS
0.018 litres

Wood shop
5 people

IDR 92.70
Transportation
to work station

EHS

0.021 litres

0.024 litres

0 kWh

IDR 32,415.97

IDR 0

Metal shop

Assembly

0.033 litres

179.2692 kWh
IDR 123.60

20 people

0.008 litres

Total fuel consumed = 0.104 litre
Total electricity consumed = 206.4031 kWh
IDR 41.20

IDR 244,677.36

IDR 0

Harness &
technician

Assembly

Total fuel cost = IDR 535.60
Total electricity cost = IDR 281,711.34

20 people
0 litre

3.3835 kWh
IDR 0

Transportation
to finished
products
warehouse

0 kWh
IDR 169.95

11 people

Customer 3

20 people

IDR 108.15

17 people

Customer 2

Assembly

23,7504 kWh

0 litre

0.024

for fuel, it is charged IDR 5,150.00 per litre.[11] The
potential of excess energy will lead to excess cost of
energy consumption. Overall flow of consumption
and its cost is then illustrated in Fig. 4.

Electricity consumption does not include process
in assembly because there is no machine used in this
work station. The consumption is then converted into
currency, so that the cost is predicted. For electricity,
it is charged IDR 1,364.86 per kWh.[10] Meanwhile

Supplier 1

Total fuel
consumption
(litre)

Transportation

0 kWh
IDR 0

IDR 4,618.00

IDR 0

Fig. 4. Value Stream Map energy
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4.

CONCLUSIONS

It is clear that PT. Matahari Leisure has applied
lean manufacturing in their production system, but
the implementation needs more evaluation. Several
wastes, including excess inventory, unnecessary
motion, and waiting time, prove that the production
flow is not effective. Cycle time and machine
breakdown time deviation are main cause of these
wastes. Finally, wastes are correlated to
environmental impact. Through questionnaire and
flow of energy consumption and its cost, it is found
that PT. Matahari Leisure has not put interest on
energy issues. The imbalances happened as lean
manufacturing practices then lead to the less
implementation of green manufacturing, which is
symbolized by the potential of excess energy costs. In
future, PT. Matahari Leisure should focus and
evaluate the current lean manufacturing system to be
able to take another step in implementation of green
manufacturing concept.
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Abstract
Increasing competition in industry makes company should provide high quality product with competitive rates. This causes
lots of company implement concept of lean and green manufacturing for eliminating the environmental impact due to waste. PT.
Wingslite Sejahtera is medium enterprise that manufacture lamp housing, which has desire to able compete with competitors.
Therefore, this research is aimed to identify and measure waste on downlight production by using lean and green manufacturing
approach, and to know the company’s commitment to environment. For identifying and measuring waste, the need for secondary
data is obtained directly from company, but primary data is collected by observation and interview during 200 hours. After doing
research, there are four types of waste that occur, namely unnecessary motion, overproduction, unnecessary inventory and defect.
Waste motion occurs in one production process, which is increasing the needs of energy. Waste overproduction and unnecessary
inventory also occurs in this company, which overproduction will increase the use of materials and hazardous substances
respectively in the amount of 45.63 kg/month and 5.67 kg/month, and energy required to produce products that are not needed,
whereas unnecessary inventory result in increased the needs of energy. Waste defect occurs in two production process on
company, which is increasing the needs of energy and material in the amount of 2.994 kg/month. Measurement of company’s
commitment to environment is also conducted by using green manufacturing self-assessment by Industry Minister of RI, with the
total score is 28.75, which indicates that company has not committed to environment and not obtained the green industry award.
Keywords: Green Manufacturing Concept; Green Manufacturing Self-assessment by Industry Minister of Republic Indonesia;
Lean Manufacturing Concept; Seven Deadly Waste

1.

INTRODUCTION

World of industry is a business that keeps move
forward, especially in these days, where the industry
is progressing very rapidly. A lot of new players
coming into the industry but many others are out of
the industry thus forming its own dynamics for the
survival of the industry. The actors in the industry
should be able to win the competition to survive in
the industry.
In order to win the competition, the players in the
industry should be able to provide high quality
products on-time with a low price, which can be
achieved by eliminating waste during the production
process runs. In addition, for winning this
competition, the company is required to pay attention
to the environment, so it will not cause environmental
waste, where this would provide added value for
company in the eyes of customer.
The concept of lean and green manufacturing is
an issue that is being launched by many countries in
the world, including Indonesia. The concept of lean
focuses on how to eliminate waste or non-value
added activity during the production runs, and on the
other hand, the concept of green focuses on how to
eliminate environmental waste during the production
process to be able to conserve natural resources for
future generations [1]. Lean and green manufacturing
have a strong relationship, which lean approach can
identify and measure the deadly wastes that occur in

the company, then the green approach can identify
the environmental impact with the amount from the
type and amount of deadly waste, which can be
reduced. The deadly waste that occurs in company
will make the environmental impact, so that by
solving the problem of lean manufacturing would
also give positive impacts and solving the problem of
green manufacturing. By implement the concept of
lean and green manufacturing, the company will
toward a sustainable manufacturing.
PT. Wingslite Sejahtera is a medium enterprise
who manufactures lamp housing such as TKO,
downlight, CPOB, street light and others, that has a
desire to be able to compete with its competitors by
producing high quality products on-time and at low
cost, but still consider the environment. Therefore,
the objectives of this work are to identify and
measure the level of waste that exist in the company
by using lean and green manufacturing approach, and
also to know the company's commitment to the
environment.
Realizing the breadth of problems’s scope that
arise, hence this research only focus to identify the
waste on downlight line production. Not only that,
but there are also some limitation namely: (1) in the
concept of green manufacturing, observation is only
done on the use of materials, (2) determining the
commitment of PT. Wingslite Sejahtera to
environment only by using green manufacturing selfassessment by Industry Minister of Republic
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environment only by using green manufacturing selfassessment by Industry Minister of Republic
Indonesia, (3) level measurement of waste are not
converted into Rupiah, (4) environmental impacts
that are discussed in this work refers to the
relationship between lean manufacturing and green
manufacturing by EPA. Environmental impact which
discussed is related to the material, energy and
emissions of the seven deadly waste [2].
2. METHODS
Research at PT. Wingslite Sejahtera starts with
observation and interviews to find out the current
condition of the company and the products that will
be studied, which is downlight. After knowing the
current condition of the company and the products to
be studied, the research continued with setting goals.
To support this research, literature study conducted
sourced from books, journals, research done earlier
and so forth. The theory of the lean and green
manufacturing used in this research is the definition,
principles and benefits, the theory of the waste and
the environmental impact due to waste, value stream
mapping and green manufacturing self-assessment by
Industry Minister RI. Value stream mapping is a tool
used by companies to find waste and when waste is
found, the waste must be eliminated [3].
The study then continued with data collection
where there are two types of data collected such as
general data and specific data. General data consists
of two types of data namely primary data and
secondary data. There are some primary data
collected such as bill of material and downlight
production process, which are obtained through direct
observation and interviews with owner of the
company, and there are also some secondary data
such as company history, types of product and
historical of customer demand. There are also two
types of data collected on specific data, namely data
of lean manufacturing and data of green
manufacturing, which data of lean manufacturing
such as cycle time, changeover time, and data on the
number of goods being transferred to each process
and data of green manufacturing such as data on the
use of materials and also green manufacturing selfassessment which is done through interviews with
owner of PT. Wingslite Sejahtera.
The collected data then will be processed and
analyzed. For lean manufacturing data, the processing
phase will begin with calculating the takt time,
grouping the production process and calculating the
cycle time on main production process, calculating
the lead time and creating a value stream mapping of
lean manufacturing. Based on the value stream
mapping, the wastes that occur on downlight line
production will be identified along with the amounts.
For green manufacturing data, the processing stage

will start by identifying and calculating classification
of awards received by the company based on green
manufacturing self-assessment by Industry Minister
of Republic Indonesia, and creating a value stream
mapping of green manufacturing. After data
processing and analysis completed, then will be
continued with discussion, which discuss the value
stream mapping of lean and green manufacturing,
summaries about seven deadly wastes on downlight
line production, the environmental impact due to
waste that were identified along with the level and
discussion of green manufacturing self-assessment.
Environmental impact due to waste is the connector
or relationship between the lean manufacturing and
green manufacturing. After all stages complete then it
will be continued with conclusions and suggestions
for the company and also the future research.
3. RESULTS AND DISCUSSION
This section will display the result of data
processing of lean manufacturing in order to identify
type of waste that occurs, the result of data
processing of green manufacturing, the result of
measuring the level of waste which bring out the
environmental impact and the result of green
manufacturing self-assessment to know the
company’s commitment to environment.
3.1. Results
and
Discussion
Manufacturing Approach

of

Lean

By using lean manufacturing approach, the waste
that occurs on downlight line production can be
identified with the aid of value stream mapping tool.
There are some data that needed to create a current
value stream mapping namely, takt time, cycle time,
lead time and changeover time.
Takt time represents the time that will become a
reference for controlling cycle time in manufacture
the downlight product based on customer demand in
order to identify waste that occurs [4]. Takt time can
be calculated by using Eq. (1).
(1)
Workers at PT. Wingslite Sejahtera work for 20
days in a month, where in one day, a worker works
for 8 hours without any shift. Therefore, the available
production time/day is 28,800 second/day. In
addition, based on the historical of customer demand,
the average customer demand is 1,585 pcs/month or
80 pcs/day. Based on these data, the takt time is 360
second/pcs. The company expects that all cycle time
equal to takt time in order to avoid overtime.
Cycle time is the time required to work on a
product, which is seen from the beginning of the
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work product to finish. In order to manufacture
downlight, there are 5 main processes, namely body
downlight formation process, body downlight
concoction process, foot downlight formation process,
foot downlight heating process and assembly process.
However from each of the main process, there are
some small process. The collection data of cycle time
for each production process is done for 30 times, after
which the data will be validated by normality test,
uniform test and test for adequacy of data. If failing
to meet any of the three tests, then it must be repeated
the data collection with the aim that the data is
reliable to be used in subsequent processing. Table 1
until Table 5 show the cycle time for each of the
main process in order to manufacture one downlight.
Table 1. Cycle Time of Body Downlight Formation
Process
Body Downlight Formation Process
Process
Average Cycle Time (s)
Rolling - Perforation
207.85 s
Polishing - Inspection
82.61 s
Total
290.46 s
Table 2. Cycle Time of Body Downlight Concoction
Process
Body Downlight Concoction Process
Process
Average Cycle Time (s)
Chemical Polish
119.99
Washing 1
29.61
Anodizing
180.38
Washing 2
20.01
Heating
90.01
Total
440
Table 3. Cycle Time of Foot Downlight Formation
Process
Foot Downlight Formation Process
Process
Average Cycle Time (s)
Cutting
2.66
Punching 1
7.44
Punching 2
3.65
Bending
37.56
Pressing
5.53
Grinding 1
22.91
Welding
70.39
Grinding 2
37.69
Coating Phoskote
20.63
Wind Spraying
5.67
Painting
19.51
Total
233.64

Table 5. Cycle Time of Assembly Process
Assembly Process
Process
Average Cycle Time (s)
Assembling 1
122.63
Assembling 2
15.12
Total
137.75
Lead time can be searched by dividing the
number of goods being transferred from one process
to another with customer demand in one day. Based
on this calculation method, lead time from one
production process to the next production process are
obtained, which can be seen in Table 6.
Table 6. Lead Time on Downlight Line Production
Transfer Process
Lead Time
From Body Downlight
6.25 days =
Formation Process to Body
3000 minutes
Downlight Concoction Process
From Body Downlight
3.75 days =
Concoction Process to
1800 minutes
Assembly Process
From Foot Downlight
Formation Process to Foot
0
Downlight Heating Process
From Foot Downlight Heating
3.75 days =
Process to Assembly Process
1800 minutes
Table 6 shows that lead time from foot downlight
formation process to foot downlight heating process
is zero, because if one item is completed on foot
downlight formation process then this item will be
transfered directly to the next process.
Changeover time only exist in the process of
body downlight formation process, which means it
takes time when changing model of product. The data
details on changeover time can be seen in Table 7.
Table 7. Changeover Time for Body Downlight
Formation Process
Activity
Time (s)
Releasing the old molds
14.8
Cleaning machine
33.16
Installating the new molds
20.11
Set up machine
25.13
Producing sample product
225.2
Total Changeover Time (s)
318.4
Based on takt time, cycle time, lead time and
changeover time, it can be created value stream
mapping for lean manufacturing, which displayed on
Fig. 1.

Table 4. Cycle Time of Foot Downlight Heating
Process
Foot Downlight Heating Process
Process
Average Cycle Time (s)
Heating
240
Total
240
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Fig. 1. Value Stream Mapping of Lean Manufacturing
Based on Fig. 1, it can be seen that the flow of
information in PT. Wingslite Sejahtera started from
customers who make order downlight product via
telephone. After production control know that there
are orders from the customer then it will continue to
make a daily schedule for each of the production
process and book material to the supplier which is
done monthly via e-mail. After the material ordered
arrived, then the material will be used to run the
production process. Total lead time is 66 days or
31.680 minutes, which it is time spent on non-value
added activity. Then the value added time required to
produce a finished product amounted to 868.21
second or equal to 14.47 minutes. In addition, based
on Fig. 1, we can see that there is one process that
exceeds takt time, namely body downlight concoction
process, whereas for other processes, cycle time is
much smaller than the takt time. This shows that
there are waste in downlight line production. With
the help of value stream mapping and observation, it
was found that there is some waste in some processes
that can be seen in Table 8.
Table 8. Identification of Waste on Downlight Line
Production

Waste motion occurs in body downlight
concoction process because the messy workplace and
the worker who does not follow the standard of work
that has been set by company, such as put the things
back on the properly place after used. Average waste
motion that occurs is 80 second/pcs, where it causes
the cycle time becomes longer than takt time, which
resulted in the need for overtime to meet customer
demand. Waste overproduction occurred in this
company due to an imbalance of cycle time between
the processes and assume that the excess production
became safety stock which resulted in waste
unnecessary inventory. The amount of monthly
excess that causes waste overproduction and waste
unnecessary inventory is 108 pcs or the average
excess rate is 6.64% per month. Waste defect also
occurs in two production processes on downlight line
production at this company, which is due to lack of
concentration of workers as result of the workplace
that is too hot, whereas in doing the work it takes
skill and a high accuracy. Total product defect per
month for the body downlight and foot downlight
respectively at 16 pcs and 10 pcs, with an average
defect rate per month respectively of 0.89% and
0.54%. The Company has a target maximum defect
rate of 1% so that it can be said that the company can
achieve the target of maximum defect and defect that
occurs is still acceptable by the company. However
defects that occur still provide impact to the
environment so it will be identified environmental
impact caused by waste.
3.2. Result
and
Discussion
Manufacturing Approach

of

Green

In this research, the concept of green industry
only examined the use of material. The materials
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used and material needed in each production process
were sought in order to determine how much material
is wasted to produce 1 piece downlight. Material
usage data for each production process can be seen in
Table 9.
Table 9. Material Usage
Type of
Material
Material
Used

Process

Body
Downlight Aluminum
Formation
Body
Process
Total
Sulfuric
Acid
Phosporic
Acid
Nitric
Acid
Total

Body
Downlight
Concoction
Process

Foot
Buffer
Ring
Phoskote
Powder
Paint
Total

Foot
Downlight
Formation
Process

Foot
Downlight
Heating
Process
Total

-

Tongs
Reflector
Lamp
Holder
Assembly
Stand of
Process
Reflector
Stand of
Lamp
Holder
Screw
Total

Material
Needed

69 gr

62 gr

69 gr

62 gr

0.5 gr

0.5 gr

0.5 gr

0.5 gr

0.5 gr

0.5 gr

1.5 gr

1.5 gr

86 gr

78 gr

52 gr
8 gr

52 gr
8 gr

43 gr

36 gr

189 gr

174 gr

-

-

0

0

8 gr

8 gr

110 gr

110 gr

17 gr

17 gr

12 gr

12 gr

16 gr
163 gr

16 gr
163 gr

From Table 9, it can be seen that on foot
downlight heating process there is no material that is
used. This is because the process is a heating process,
which uses an oven at 2000C so that there are no raw
materials needed to execute this process.

manufacturing has a similar layout to the value
stream mapping of lean manufacturing. However on
value stream mapping of green manufacturing, the
line of time is replaced with a line of material, where
there are two categories namely the material used and
the materials needed. In reality, not only the use of
materials are displayed on value stream mapping of
green manufacturing, but there are energy
consumption, water and wind. However, this study is
limited to observation and analysis the use of material.
In value stream mapping of green manufacturing, the
line of material is colored green.
Based on the value stream mapping of green
manufacturing in Fig. 2, it can be seen that the
material used is different from the material needed,
where the material used to make one downlight
amounted to 422.5 grams and the material needed to
make one downlight amounted to 400.5 grams. The
material used is a material that is used to run the
process, while the material needed is a material that is
actually added to the product [2]. Data material used
based on the bill of material downlight product, but
the data material needed based on the results of the
production process. It explains that there is material
wasted at 22 grams. Scrap which is classified into
material wasted will then be disposed by the
company.
If observed in value stream mapping of green
manufacturing, it can be seen that the body downlight
formation process and foot downlight formation
process that causes the material is wasted. Body
downlight formation process contained perforation
process for putting a lamp holder so that there is a
section of aluminum that should be wasted. Then in
foot downlight formation process, there is also the
punching process to place screws and tongs reflector
that causes there is an iron plate section that should
be wasted, and there is also a painting process that
uses powder paint by spraying so that there is a
material wasted. Material wasted would give a loss
both in terms of environmental and financial.
Whereas on body downlight concoction process and
assembly process, the value of material used and
material needed are same. This is because there is no
raw material is wasted when running the process, as
on body downlight concoction process, the entire
chemical fluid is given to the body of downlight is
sticking all in the body of downlight so that nothing
material is wasted. Then in the assembly process,
because this process is only uniting material, with the
other part then certainly there was no material is
wasted.

Based on Table 9, then it can be created value
stream mapping of green manufacturing that can be
seen in Fig. 2. Value stream mapping of green
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Fig. 2. Value Stream Mapping of Green Manufacturing
3.3. Result and Discussion of Environmental
Impact Due To Waste (The Relationship
Between Lean Manufacturing Approach and
Green Manufacturing Approach)
Existing waste at downlight line production,
namely unnecessary motion, over production,
unnecessary inventory and defect would give a
negative environmental impact. Environmental
impact arising from waste that occurs can be seen in
Table 10.
Table 10. Environmental Impact Due To Waste
Waste
Environmental Impact
Amount
1. The addition of energy
required to illuminate
and cool the room
production when
Motion
employees work
overtime to complete
orders on time in
accordance with the time
given by the customer

Overproduction

1. The addition of
material used and energy
used to make a product
that is not necessary or
not required

45.63
kg/month

2. The addition of
hazardous materials such
as phoskote or other
substances that can
generate extra emissions,
waste disposal, worker
exposure, etc.

5.67
kg/month

Table 10. Environmental Impact Due To Waste
(Continued)
Waste
Environmental Impact
Amount
1. The addition of energy
used to illuminate an
Unnecessary
inventory room because
Inventory
there is inventory that is
not needed
1. Energy consumed
should be wasted in vain
because product defect
2. The components used
to make downlight must
2.994
be discarded or rework
kg/month
Defect
because defect
3. The addition of
energy used for cooling
and light up a room that
is used to rework or
repair the defect goods

-

Based on Table 10, it can be seen that all the
waste that occurs negatively impact environment.
Extra energy consumption is the main impact of the
waste and always there, which will also provide a
loss not only to the environment but also to financial
companies. This is because with the addition of
energy consumption, the cost to be paid by the
company becomes more so the corporate profits
become smaller.
Moreover, the addition of material use is also
the main impact from the four waste that occurs in
this company. Waste overproduction causes
additional use of material to produce an average of
108 pcs downlight that have not required per month,
in which to produce one downlight, the necessary

ICSoLCA
ICSoLCA2016
2016||43
60

Proceedings of the 2nd ILCAN Conference Series on Life Cycle Assessment
Universitas Pelita Harapan, Tangerang, 2-3 November 2016

material as much as 422.5 grams. This led to the
addition of the use of material of 45.63 kg per month.
Waste overproduction that occurs naturally will also
has an impact in the form of additional hazardous
materials used. In producing downlight takes five
chemicals namely phoskote, paint powder, sulfuric
acid, phosporic acid and nitric acid. Five of these
chemicals if added up has a weight of 52.5 grams to
produce one product downlight. This led to the
addition of the use of hazardous materials per month
amounted to 5.67 kg, that due to overproduction with
an average per month of 108 pcs.
Waste defect also causes the material or
component that is wasted, with an average defect per
month in body downlight formation process as much
as 16 pcs downlights and foot downlight formation
process by 10 pcs. Body downlight formation process
using the material as much as 69 grams and in foot
downlight formation process using the material as
much as 189 grams. Therefore, the amount of
material wasted in a month due to the defect waste as
much as 2994 g or 2,994 kg, of which 1104 grams
because body downlight formation process and 1890
grams because foot downlight formation process.
3.4. Result
and
Discussion
of
Green
Manufacturing Self-assessment By Industry
Minister RI
In order to find out the company's commitment
to environment, then used a green manufacturing
self-assessment by industry minister Republic
Indonesia
for
medium
enterprise.
Green
manufacturing self-assessment is a questionnaire that
aims to motivate industrial enterprises to realize the
green manufacturing of environmentally sound,
efficient to use natural resources and beneficial to
society [5]. In the self-assessment, there are 3 aspects
of assessment, namely the production process with a
weight of 70%, the performance of waste/emissions
management with a weight of 20% and the
company's management with a weight of 10%.
In the first assessment aspects, namely the
production process, PT. Wingslite Sejahtera get a
score of 36 out of 96. This is because the company is
less concerned about energy issues, such as, there is
no energy efficiency efforts, there is no use of
renewable energy and has never made energy
management activities. In addition, the company is
also less concerned about the issue of water use,
where the absence of water efficiency efforts, not
recycling water, not doing water conservation efforts
and have never done water management activities.
Moreover, the company also has not done reduce,
reuse and recycle (3R) in the production process.
This is not due to lack of knowledge of the company
to do that, but the company is still focused into

product sales compared think about the environment.
But the company already has a top management
commitment, work plans are made each month and is
followed by an evaluation of each month which
showed that about 85% of the work plan has always
been carried out successfully, which is very good for
the company's progress. Additionally, the company is
also highly successful in order to minimize product
defect, where the average defect of this company is
still around below 1%, whereas the standard of defect
according to the questionnaire was 3% and below.
Then in the second assessment aspect, namely
the performance of waste/emissions management, the
company gets a score of 0 out of 16, where it is
caused by several things. First, liquid waste and gas /
dust waste only meet less than 70% of environmental
quality standards. Second, these companies do not
have the means to manage waste, which for now is
the existing waste directly discharged into the
environment. Third, these companies do not have the
means to manage waste B3, whereas in the
production process contained sulfuric acid,
phosphoric acid and nitric acid, which are categorized
as B3 waste. Companies know the dangers of
disposing of waste directly into the environment, but
for now this is not possible for the company to make
waste management facilities because to do that it
needs considerable cost, whereas now the company is
still in the stage of focusing on sales.
In the third assessment aspects, namely the
management company, PT. Wingslite Sejahtera just
get a score of 6 out of 24. This is because the
products in this company no one has certificates such
as ISO, no rewards related to the field of production
and environmental management has ever received,
and did not commit medical checkup for employees.
Rewards related to the field of production and
environmental management is a proof that the
company implemented the concept of green
manufacturing in the company, but the PT. Wingslite
Sejahtera do not yet have an award at all because this
company does not focus on the concept of green
manufacturing that can be viewed with no effort on
energy efficiency, waste management efforts and
others. Medical check-up is actually a very important
thing not only for employees but for the company,
because by doing medical checkup, the company
know the condition of its employees and as a
guarantee that employees in a condition fit while
working. Medical checkup can improve employee
productivity and reduce work-related errors, but the
company objected if it had to fund medical checkup
for all employees so that this activity has not been
carried out by the company.
Based on the explanation above, it can be
calculated the total score by using Eq. (2).
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(2)
By using Eq. (2), the obtained total score of PT.
Wingslite Sejahtera is 28.75, which show that PT.
Wingslite Sejahtera have not had commitment to the
environment and does not get green industry award
because the award classification minimum score was
50.0. However, the results from this self-assessment,
may make the company aware of their current
position and realized to make improvements in lean
manufacturing, which will also improve green
manufacturing.
4. CONCLUSIONS
Based on research conducted at PT. Wingslite
Sejahtera, it is known that there are four types of
waste, namely unnecessary motion, overproduction,
unnecessary inventory and defect. Waste unnecessary
motion occurs in body downlight concoction process
where the operator does not follow the work
procedures that has been set by the company and also
caused by the work environment that extremely
messy, which is causing a delay of 80 second/pcs.
Waste motion certainly gives environmental impact
which is the addition of energy needs to facilitate
employee overtime.
Waste overproduction caused by an imbalance of
time between the processes. Not only that, but this
waste also occurs because the company considers that
over production is not a problem because it can be
used as stock. Based on the results of data collection,
it is known that the average excess amount per month
reached 108 pcs downlight or average excess rate is
6.64% per month. This shows that the company is
always doing production exceeding customer demand
and make it as safety stock. Waste overproduction
certainly gives the environmental impact that is
increasing the use of material as much 45.63 kg per
month, hazardous substances amounted to 5.67 kg
per month and also the energy required to make a
product that is not needed now.
Waste overproduction in PT. Wingslite Sejahtera
lead to the emergence of waste unnecessary
inventory, where there are unnecessary inventory due
to excessive production. This is certainly give the
environmental impact, which is increasing use of
energy needed used to illuminate the finished good
warehouse that filled with a finish good that is not
needed at this time.
Waste defect in PT. Wingslite Sejahtera occur in
body downlight formation process and foot downlight
formation process. The reason for this waste can
happen because it takes a special ability, especially in
the body downlight formation process. In addition,
the defect may also occur as a result of employees
who are not concentrate when doing the job as well

as work in hot environments. Based on calculations,
it is known that the average defect rate for the body
downlight formation process and foot downlight
formation process respectively is 0.89% and 0.54%,
while the company has a maximum defect rate of 1%.
If both defect rate compared with the company's
maximum defect rate, it can be concluded that the
defect is still going to be accepted by the company
and the company has successfully met the target set
maximum defect rate. The number of defect goods
produced by body downlight formation process and
foot downlight formation process respectively is 16
pcs and 10 pcs so that there remains a considerable
negative impact on the environment. Waste defect
make environmental impact, which is the addition of
energy needs and there are materials that must be
wasted as much 2.994 kg/month.
Based on green manufacturing self-assessment
by Industry Minister of Republic Indonesia for
medium enterprise category in 2016, it is known that
the company does not know about the green
manufacturing self-assessment. Based on this selfassessment, the total score that is obtained by PT.
Wingslite Sejahtera is 28.75. Total score shows that
the company has not committed to the environment
and does not get into the classification of the green
manufacturing awards from the Industry Minister of
RI. However, the results of the green manufacturing
self-assessment, could make companies aware of the
current position, as well as make the company aware
of to make improvement on the lean manufacturing,
which indirectly also will give improvement on the
green manufacturing.
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Abstract
PT. Wingslite Sejahtera is an Indonesian company engaged in manufacturing the lamp housing. The company produces
various type of lamp housing, where in the production activities there must be wastes generated. Therefore this topic proposed for
the purpose of measuring the performance of production line through identification and measurement of wastes on TKO 2x36w
lamp housing line production by using lean and green manufacturing approach. By identifying wastes that refer to the seven
deadly wastes, then the impact of waste on the environment can also be detected using the approach by EPA, 2007. Based on
research conducted through direct observation, interview with the company and with the aid of relationship graph between cycle
time and takt time and value stream map, then the wastes can be identified, they are overproduction, delays/waiting time and
defects. Waste of overproduction occurred for finished goods with an average waste of 478 pcs/ month. Waste of delays/ waiting
time occurred in almost the entire production processes. Waste of defects encountered in the welding body and coating wing &
body, with a defect percentage for the wing part is 0.46% out of the total production and for the body part is 1.12%. The impact
of those wastes on environment is waste in material and electrical energy consumption, which in the manufacture of one product
there are wastes of 32.8 gram for raw material (iron plate SPCC-SD, powder paint and putty) and 0.6 ml for phoskote, and also
the use of electrical energy by 5.8222 kWh.
Keywords: Environment Impact; Green Manufacturing; Lean Manufacturing; Seven Deadly Waste

1.

INTRODUCTION

Nowadays, the production activity in a
manufacturing/ company can’t be separated from
waste. Waste from a manufacturing/ company
certainly cause losses for the company itself, in
which the waste can be defined as any work activities
that do not provide added value in the process of
transforming inputs into outputs throughout the value
stream (the process to create, produce and submit
products both goods and services to the market).[1]
Therefore company must reduce the wastes from
their activities.
The concept of waste reduction first introduced
by Taiichi Ohno and implemented in Toyota
Production System (TPS), where waste reduction is a
major focus of lean manufacturing. Lean
manufacturing is a comprehensive set of techniques
that, when combined and matured, will allow the
company to reduce and then eliminate the seven
wastes.[2] Seven wastes mean here are 7 main wastes
or known as seven deadly wastes in lean
manufacturing, they are overproduction, delays/
waiting time, transportation, over processing,
inventory, motion, and defects. To identify the
wastes, there are several tools that can be used, one
of which is a value stream map (VSM) that will be
used in this paper. VSM is all actions (both value
added and non-value added) currently required to
bring a product through the main flows essential to
every product: the production and design flows.[3] To

be able to achieve lean manufacturing, a company
need to identify and eliminate wastes in their
production activities. Not only attain lean
manufacturing, but the company today must also be
able to achieve green manufacturing.
Green manufacturing is a method for
manufacturing that minimizes waste and pollution,
where these goals are often achieved through product
and process design.[4] The aim of green
manufacturing is to produce the same goods at the
same quality level with less or no damage to the
environment, including nature, people, and society.[5]
This means the company must pay attention to the
environmental aspects in order to achieve green
manufacturing. Giving attention to the environmental
aspects means less waste to the environment or also
called environmental waste. Environmental waste is
any unnecessary use of resources or a substance
release into the air, water, or land that could harm
human helth or the environment.[6] Companies that
want to sustain should really pay attention to their
impact given on the environment.
Given the importance of considering the waste in
production activity and its impact on the
environment, so this case study was done to observe
the extent to which the application of lean and green
manufacturing approach in PT. Wingslite Sejahtera.
The goal of this study is to measure the performance
of production line through the identification and
measurement of waste on lamp housing TKO 2x36w
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line production at PT. Wingslite Sejahtera by using
lean
and
green
manufacturing
approach.
Measurement the performance of production line by
using lean manufacturing approach based on the time
data, while for green manufacturing approach based
on material and electrical energy consumption.

housing TKO in size for two lamps TL 36 watt or
called as TKO 2x36w. This is because the lamp
housing TKO 2x36w is in common use, so that there
is always production of these products every month.
The product structure tree of can be seen in Fig. 1.

The paper is structured as follows. Firstly, the
methods used for this paper start from preliminary
research are described. Then, the result and
discussion about lean and green manufacturing data
are analyzed in Section 3. Finally, a conclusion is
drawn to sum up all of the paper.
2.

METHODS

Preliminary research first conducted in PT.
Wingslite Sejahtera to see the condition of the
company, ie by observing the processes occurring in
each production line and what products are produced.
Then proceed with the selection of product that will
be studied. From the observation, it is also known the
problem expressed in the company that the company
has never made waste identification and have not
realized the waste generated and its impact on the
environment. Therefore, the goal-setting is done to
address the problem that exists.
To help identify and analyze the existing waste,
this paper used a tool called VSM. The data needed
for constructing the VSM obtained through direct
observation and measurement and also interviews.
Direct observation and measurement of the
production process time are using a stopwatch, while
for the materials usage using a scale. For electrical
energy usage data obtained through interviews to Mr.
Handy Helianto as the director of the company.
The analysis carried out on the wastes that have
been identified through observation and VSM that
has been made. In addition, it also analyzes the
impacts of waste on the environment with reference
to the Lean & Environment Toolkit from the United
States Environmental Protection Agency.[7]
3.

Fig. 1. Product Structure Tree of TKO 2x36w
Based on the product structure tree above, it can
be seen that the TKO 2x36w lamp housing consists
of two major parts, which are wing and body. Body
part itself consists of 3 pieces of another part that are
left, right, and bottom, where these three parts will be
united through the welding process. Additional
components needed for lamp housing TKO is O ring
paired on the body and being used as a place for the
cable out, and also 2 bolts to unite the wing and body.
3.2. Production Process
The production process of TKO 2x36w lamp
housing is divided into 2 sections, which are
manufacture of wing and body part.
3.2.1. Wing Manufacture
The production process of wing part consists of 2
groups processes, where each group process has its
own sub-processes such as in Fig. 2.

Wing
Construction

• Cutting
• Punching
• Bending
• Rarefaction
• Phoskote Coating
• Spraying
• Painting

Wing Heating

• Heating

RESULT AND DISCUSSION

3.1. Company Background & Product
PT. Wingslite Sejahtera is a national Indonesian
company engaged in manufacturing the lamp
housing. The company uses make to order (MTO)
production model, where products will be made if
there is an order from customer. However, company
also provides stock for common products that
frequently ordered.
In outline, lamp housing products that have been
produced by PT. Wingslite Sejahtera are made of two
different kinds of materials, which are iron plate and
aluminum. This study focused on lamp housing
product made of iron plate, more precisely is lamp

Fig. 2. Wing Manufacture Processes
3.2.2. Body Manufacture
The production process of body part consists of 4
groups processes as in Fig. 3.
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Body
Construction 1

Body
Construction 2

Body Heating

product must be less than or equal to 533.33 seconds
in order to avoid overtime in product manufacture.

• Cutting
• Punching
• Bending

3.4. Production Process Time

• Welding
• Rarefaction 1
• Putty Coating
• Rarefaction 2
• Phoskote Coating
• Spraying
• Painting

Production process time is a time data needed
throughout the production process, where this
production process time consist of cycle time,
changeover time, and lead time.
3.4.1. Cycle Time
The result of the average cycle time obtained for
each process can be seen in Table 1.

• Heating

Table 1. Cycle Time for Each Process

Finishing

Group Process
Wing Construction

• Assembly
• Inspection & Packing

Cutting
Punching
Bending
Rarefaction
Phoskote Coating
Spraying
Painting
Total

Fig. 3. Body Manufacture Processes
After the wing and body parts have been
completed, it will be inspected before the product is
packaged. For 1 box of TKO 2x36w, consists of 1
wing part, 1 body part, and 2 bolts to unite the wing
and body parts.

Takt time is the maximum time to produce
product in order to meet customer demand. Takt time
will become the reference for controlling the cycle
time of product manufacture. Takt time can be
obtained by using equation 1 as below.
!"#$ $&'( =

*+
,

= Available work time per shift (second)

D

= Amount of product required per shift (pcs)

Total working time available in one shift (TE) is
8 hours or 28,800 seconds. For number of products
requested in one shift based on customer demand
historical data, where the average of customer
demands in 1 month is 1,073 pcs. The number of
working days in a month is 20 days, so the number of
products requested in 1 shift (D) or per day is 54 pcs.
The calculation of takt time for TKO 2x36w lamp
housing is as follows.
28,800 1(23451/1ℎ&8$
= 533.33 1(23451/;21
54 ;21/1ℎ&8$

2.65
21.1
51.87
32.49
27.93
10.79
29.12
175.95

Heating

240
240

Cutting
Punching
Bending

7.95
84.41
129.69
222.05

Total
Body Construction 2
Welding
Rarefaction 1
Putty Coating
Rarefaction 2
Phoskote Coating
Spraying
Painting
Total

(1)

TE

Cycle Time (second)

Wing Heating
Total
Body Construction 1

3.3. Takt Time

!=

Sub-Process

80.81
34.75
14.64
46.04
22.17
7.38
23.53
229.32

Body Heating
Heating
Total

240
240

Finishing
Assembly
Inspection & Packing
Total

8.75
22.11
30.86

From the takt time and cycle time that have been
obtained, then it can be made a graph illustrating the
relationship between them as in Fig. 4 and Fig. 5.

The result of takt time given by customers is
533.33 seconds for each TKO 2x36w lamp housing.
This means that the cycle time for manufacturing the
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Table 2. Changeover Time

600.00
500.00
400.00
300.00
200.00
100.00
0.00

Group Process
Wing Construction

Cycle Time
Takt Time

Sub-Process

Changeover Time (second)

Cutting
Punching
Bending

23.61
25.42
31.67
80.7

Cutting
Punching
Bending

21.5
26.32
30.11
77.93

Total
Body Construction 1

Total

Production Process

3.4.3. Lead Time

Time (second)

Fig. 4. Relationship Graph between Cycle Time &
Takt Time for Wing Part

600.00
500.00
400.00
300.00
200.00
100.00
0.00

Cycle Time
Takt Time

Production Process
Fig. 5. Relationship Graph between Cycle Time &
Takt Time for Body Part
From the graphs shown in Fig. 3 and Fig. 4, it
can be seen that there are still considerable
differences in time between cycle time and takt time.
The entire cycle time for all group processes are still
far below the takt time. This indicates that the
product will be completed in a time much shorter
than the pace of customer demand. The results will
lead to cumulation in production output, which it can
be included in the waste of overproduction and will
be discussed further on section 3.6.1.
3.4.2. Changeover Time
Changeover time is the time required for
preparation when there is a change in product
variants to be produced. In production process of
TKO 2x36w lamp housing, processes that have
changeover time are cutting, punching, and bending,
where the changeover time is used to replace the
insulation or mold on the machine. Results of
changeover time can be seen in Table 2.

Lead times here are divided into 2 types. The
first one is lead time that has been set by the
company and the other one is lead time for buffer
stock. Lead time that has been set by the company is
lead time to fill the production line store and lead
time for charging finished good into warehouse. Raw
materials for production activities that are taken from
warehouse are placed in production line store, where
this raw material must meet the needs for one day
production before taking the raw material back on the
next day. One day is a lead time for replenishment of
production line store. Once finished good has been
made, then it will be stored in warehouse, where the
number of goods must be able to fulfill the demand
for the product in five days. These five days are the
lead time to replenishment of finished good
warehouse.
Lead time for buffer stock present in process that
have buffer stock or inventory reserves. In the
manufacture of TKO 2x36w lamp housing, processes
that have buffer stock are wing and body heating and
body bending. For wing and body heating, the buffer
stock set by company is 20 pcs, while for body
bending is 10 pcs. Lead time calculation is based on
the number of customer demand in one day (54 pcs).
Lead time for buffer stock obtained from the equation
2 as below.
>! =

?
,

(2)

LT = Lead time buffer stock (day)
Q

= Number of goods transferred (pcs)

D

= Customer demand in one day (pcs/day)

Based on equation 2, then the lead time for wing
and body heating and body bending are as follows.
>! @&4A ℎ("$&4A =

20 ;21
= 0.37 5"B
54 ;21/5"B
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>! @&4A ℎ("$&4A = >! D35B ℎ("$&4A
= 0.37 5"B
>! D35B D(45&4A =

10 ;21
= 0.185 5"B
54 ;12/5"B

This means that the number of parts that
contained in the buffer store heating process can meet
the need of the next process for 0.37 days before
taking the part again. For the process of body
bending means the number of part contained in the
buffer store can meet the need of the next process for
0.185 days.
3.5. Value Stream Map of Production Time
The design of VSM start from the customer
orders until finished goods shipped to customers
based on the existing orders. Raw materials ordered
and supplied by the supplier every 21 days, where the
raw materials then stored in raw material warehouse.
After that, there are workers who take the raw
material to be put in the production line store every
day, where the amount of raw materials contained in
this production line store can meet the production
needs for one day.
After the raw materials have been fulfilled,
product manufacturing process is then performed.
Production process of the product divided into 2
section, which are the manufacture of wing and body,
where this 2 processes are running in parallel. Each
process is done by one operator except for painting
process is done by two operators. The number of
operators for each group process depends on what
processes contained in every group process. The
cycle time, changeover time, and lead time used in
accordance with the calculations that have been done
before, where a summary for any time used in VSM
can be seen in Table 3.
Table 3. Time Used in Value Stream Map
Group Process Cycle Time (second) Changeover Time (second) Lead Time (second)
Wing Construction
175.95
80.7
Wing Heating
240
0.37
Body Construction 1
222.05
77.93
0.185
Body Construction 2
229.32
Body Heating
240
0.37
Finishing
30.86
5

When the goods have been completed, then the
goods will be stored in the warehouse of finished
goods. Company determined that goods that have
been stored in warehouse must be able to meet the
demand for 5 days. After that, the goods in
warehouse will be sent to customers every 7 days.
Based on the existing data, then VSM of production
time is created as in Fig. 6.

Based on the VSM, it is known that total lead
time for TKO 2x36w product manufacture is 6.555
days, while the value added time is 722.23 seconds.
This means that the total time needed from raw
materials are available in warehouse until finished
good ready to ship to the customer is 6.555 days,
while the time that really add value to the production
process is only 722.23 seconds.
From the result, it can be seen that there is
significance direfence between the value added time
and total lead time. This is because there are high
levels of buffer stock compared to the demand of
customer/day. Besides, the provisions of the
company to store the finished good in warehouse that
must meet the customer demand for 5 days also cause
the lead time to replenishment of finished good
warehouse to be long. The significance diference
between value added time and total lead time also
shows that there are many waste of delays/ waiting
time in the production process.
3.6. Waste Identification
Based on the results of data processing and
observation, it can be identified the types of waste
that are contained in each groups process that refers
to the seven deadly wastes, as shown in Table 4.
Table 4. Waste Identification
Wing Construction
Wing Heating
Body Construction 1
Body Construction 2
Body Heating
Finishing

Overproduction Delays/ Waiting
x

Defect
x

x
x
x

x

x

3.6.1. Calculation and
Overproduction

Analysis

Waste

of

Waste of overproduction occurs only in the final
manufacture process of TKO 2x36w lamp housing or
in inspection and packaging process. This is because
the overproduction observations only done for the
finished good, where finished good produced in
inspection and packaging process. Based on historical
data, it can be known that the number of
overproduction for product TKO 2x36w each month,
from September 2016 until February 2017 as below.
Table 5. Historical Data of Overproduction
Production (pcs)
Demand (pcs)
Overproduction (pcs)

Sep
1600
1100
500

Oct
1700
1250
450

Nov
1500
1010
490

Dec
1500
1050
450

Jan
1500
1000
500
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Feb
1500
1025
475

21 days

I

1 day

Raw Material
Warehouse

Supplier

1 day

1 day

FIFO

8 people

222.05 Seconds

C/O = 80.7 seconds

C/T =175. 95 seconds

0.185 day

C/O = -

C/T =240 seconds

0.37 day
30.86 Seconds

C/O = -

C/T =30.86 seconds

2 people

Finishing

Monthly Order

Fig. 6. Value Stream Map of Production Time

C/O = -

C/T =240 seconds

20 pcs

FIFO

20 pcs

Daily Schedule

Body Heating

Daily Schedule

469.32 Seconds

C/O = -

C/O = 77.93 seconds

Wing Construction

C/T = 229.32 seconds

C/T = 222.05 seconds

Wing Heating

8 people

3 people

Daily Schedule

Body Construction 2

10 pcs

Daily Schedule

Body Construction 1

Monthly Forecast

Production Control

5 days

5 days

7 days

I

Total Lead Time = 6.555 days
Value Added Time = 722.23 Seconds

Finished Good
Warehouse

Customer

Takt Time: 533.33 second
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Based on Table 5, it can be seen that there is a
fairly large overproduction for each month, where the
average of overproduction/month is 478 pcs. This
overproduction is then stored in the finished good
warehouse as stock. However, this amount of
overproduction that used as stock is still far exceeded
the provision made by the company.
Company decided that the total number of
products that must be stocked in warehouse, must be
able to meet the customer demand for 5 days.
Referring to the historical data of customer demand,
it can be seen that the average demand for one day is
54 pcs. This means that the minimum amount of
goods that must be stored in the finished good
warehouse is 270 pcs. Therefore, the excess number
of products that have been produced each month is
significantly different from the minimum amount of
goods that must be stored in the warehouse, so it can
be concluded that waste of overproduction occurred
in the process.
3.6.2. Analysis Waste of Delays/ Waiting Time
Waste of delays/ waiting time occured a lot at
the production process of TKO 2x36w lamp housing,
where it actually can be identified from VSM that has
been made. This kind of waste can be seen in two
ways, the first one is when the goods or work in
process are in waiting condition to be processed and
the second one is when the machine waits to perform
a process.
From the observation, it is known that the cause
of this wastage is due to the unbalanced cycle time
between one to another process. If the cycle time for
the previous process is much faster than the cycle
time for the next process, then it will lead to waste
because the goods will be waiting to be processed in
next process. Conversely, if the cycle time for
previous process is much slower than the cycle time
for the next process, it wil lead to waste because the
workers and machine must wait to carry out the
production activity.
In wing and body heating processes, there are no
waste occur even though the difference of cycle time
with the previous process is far enough. This is
because the process before the heating process is
painting, where the product that is already finished in

the painting process will be brought into the oven
using hanging conveyor to be heated. This conveyor
will continue to run, so that even the painting process
is much shorter than heating process, the products in
the painting process will not wait or being piled up in
the heating process. Waste of waiting occurs in the
painting process, in which the process will not
produce as a continue process, but it will wait until
the oven is ready to use. Moreover, there is also a
waste of waiting because the wing part is made much
faster than with the body part, so the wing will wait
until the body part is finished and then processed
further in the finishing group process.
3.6.3 Calculation and Analysis Waste of Defect
The number of defects per month for each of the
wing and body part when compared to the amount of
total wing and body that have been produced can be
known trough historical data of the company, as
shown in Table 6.
From the table above it can be seen that the
average number of defect/month for wing part is 8
pcs or 0.46% of the total production, whereas for the
body part is 18 pcs or 1.12% of total production.
Based on interview, it is known that waste of defects
that occur in wing part is comes from wing
construction group process, or more precisely in
painting process. For waste of defects that occur for
the body part, comes from body construction 2 group
process or more precisely in welding and painting
processes. This is because the welding process is a
manual process that requires high accuracy and skills
of worker. Besides that, defect from painting process
is because the product that have been painting not in
the idle state, but rather the product is moving trough
a conveyor, which can lead to missed part to be paint
or uneven paint for each section.
3.7. The Impact of Waste on the Environment
Any wastes in the production process certainly
have impact on the environment. Therefore, by
identifying waste using the lean manufacturing
approach, actually the waste on environment can also
be detected. The impact of waste on the environment
shown in Table 7.

Table 6. Historical Data of Defects
Part
1

Wing

2

Body

Month
Production (pcs)
Defect (pcs)
Defect %
Production (pcs)
Defect (pcs)
Defect %

Sep
1600
6
0.38%
1600
17
1.06%

Oct
1700
7
0.41%
1700
19
1.12%

Nov
1500
7
0.47%
1500
17
1.13%

Dec
1500
8
0.53%
1500
18
1.20%

Jan
1500
6
0.4%
1500
17
1.13%

Feb
1500
9
0.6%
1500
16
1.07%

Average
1550
8
0.46%
1550
18
1.12%

ICSoLCA
ICSoLCA2016
2016||53
70

Proceedings of the 2nd ILCAN Conference Series on Life Cycle Assessment
Universitas Pelita Harapan, Tangerang, 2-3 November 2016

Table 7. Impact of Waste on the Environment
Waste Type
Environmental Impacts
More raw materials and energy consumed in making the
Overproduction
unnecessary products
Delyas/ Waiting Time Wasted energy consumed during production downtime
Defects

Raw materials and energy consumed in making
defective products
Defective components require recycling or disposal

For waste of defects, inspection activity to detect
the defect performed at the end of the process before
packaging process. Thus, even if the defect occurs in
the welding process, goods are still being processed
up until it become finished good and finally detected
as defective item. Therefore, material and electrical
energy wasted is the overall material and energy used
in each process.
Overall, the impact of waste on the environment
is wasteful use of material and electrical energy.
Therefore, the next sections will discuss about
materials and electrical energy consumption.
3.8. Material Consumption
3.8.1. Value Stream Map of Material Consumption
The data regarding the use of materials for each
group process can be seen in Table 8, where raw
material is consists of iron plate SPCC-SD, putty, and
paint powder. From those data, then VSM of material
consumption constructed as seen in Fig. 7.
3.8.2. Analysis Data of Material Consumption
Based on VSM of material consumption, it can
be known that there are materials wasteful occur in
the production process, they are 32.8 gr for raw
material and 0.6 ml for phoskote. Waste of
overproduction leading to waste in the material
consumption. Based on historical data, the average
amount of overproduction per month is 478 pcs.
Thus, it can be concluded that there are 15,678.4
grams of raw material and 286.8 ml phoskote wasted
in vain because of overproduction. Waste of defect
also causes waste on material consumption, which

the total amount of the waste can be seen in Table 9
and Table 10.
Table 9. Waste on Material Consumption for Wing
Part because of Defect
Material Consumption
Raw Material
Phoskote

Per 1 pcs
1.3116 kg
1.3 ml

Per 8 pcs
10.4928 kg
10.4 ml

Table 10. Waste on Material Consumption for Body
Part because of Defect
Material Consumption
Raw Material
Phoskote

Per 1 pcs
1.0172 kg
1.3 ml

Per 18 pcs
18.3096 kg
23.4 ml

3.9. Electrical Energy Consumption
3.9.1. Value Stream Map of Electrical Energy
Consumption
Electrical energy consumption data obtained
from the company, as follow in Table 11.
Table 11. Electrical Energy Consumption for
Machines
Group Process
Wing Construction
Wing Heating
Body Construction 1
Body Construction 2
Body Heating
Finishing

Electrical Energy Consumption (kWh)
0.1846
0.3333
0.3413
0.2565
0.3333
0

For the painting and heating process, the
products were taken using a conveyor, where the
conveyor also uses electrical energy. The electrical
energy consumption for transportation activity by
using conveyor can be seen in Table 12.
Table 12. Electrical Energy Consumption for
Conveyor
Type
Electrical Energy Consumption (kWh)
Painting Conveyor
0.0533
Heating Conveyor
2.1333
Based on the existing data, then VSM of
electrical energy consumption constructed and can be
seen in Fig. 8.

Table 8. Materials Consumption
Group Process
Wing Construction
Body Construction 1
Body Construction 2
Finishing

Input
Raw Material
Phoskote
Raw Material
Raw Material
Phoskote
O ring
Baut
Box

Quantity Input
1311.6 gr
1.3 ml
995 gr
22.2 gr
1.3 ml
1 pcs
2 pcs
1 box

Quantity Used
1296 gr
1 ml
983 gr
17 gr
1 ml
1 pcs
2 pcs
1 box

Quantity Wasted
15.6 gr
0.3 ml
12 gr
5.2 gr
0.3 ml
-
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Fig. 7. Value Stream Map of Material Consumption
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Material Used = 2296 gram
Material Wasted = 32.8 gram
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Fig. 8. Value Stream Map of Electrical Energy Consumption
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3.8.2. Analysis Data
Consumption

of

Electrical

Energy

From VSM of electrical energy consumption, it
can be seen that the total electrical energy used to
manufacture wing part is 2.7046 kWh, and for the
manufacture of body part is 2.7765 kWh, so the total
energy used from the beginning to the end of the
production process is 5.8222 kWh. Wasteful use of
electrical energy occurs because of the wastes of
overproduction, delays/ waiting time, and defects.
For the waste of overproduction in amount of
478 pcs/month, the wasteful use of electrical energy
is 2,783.0116 kWh/month. For waste of defects from
wing part in the amount of 8 defects/month, the
wasteful consumption of electrical energy is 21.6368
kWh/month. For the body part, if there are defects 18
defects/month, then the electrical energy will be
wasted by 49.977 kWh/month.
4.

CONCLUSIONS

[2] Wilson L. How to Implement
Manufacturing. McGraw-Hill; 2010.

Lean

[3] Shook J, Rother M. Learning to See: Value
Stream Mapping to Add Value and Eliminate
Muda. Lean Enterprise Institute; 1999 Jun 1.
[4] Foster ST. Managing Quality: An Integrative
Approach. Prentice Hall; 2009 Aug 25.
[5] Eibel D. Green Manufacturing: An Essential
Success Factor In A Globalized World. Austrian
Marshall Plan Foundation; 2014.
[6] United States Environmental Protection Agency.
The Lean & Environment Toolkit. EPA, 2007
Oct.
[7] United States Environmental Protection Agency.
Introduction to Identifying Environmental
Wastes. In The Lean & Environment Toolkit
2007 (pp. 12-14). EPA.

Waste contained in the production line of lamp
housing
TKO
2x36w
are
overproduction,
delays/waiting time, and defects. Waste of
overproduction occurred to finished goods with
average number of overproduction/month is 478 pcs.
Waste of delays or waiting time occurred in almost
the entire process, except for heating process. For
waste of defects, defect percentage for the wing part
is 0.46% of the total production, whereas for the body
part is 1.12%. The impact of waste on the
environment is a wasteful consumption of material
and electrical energy, which in the manufacture of
one product contained 32.8 grams wastage of raw
material and 0.6 ml wastage of phoskote, and the
consumption of electrical energy by 5.8222 kWh.
The amount of those wastes that occurred are
quite high, so it can be concluded that the
performance of production line TKO lamp housing at
PT. Wingslite Sejahtera is not effective yet.
Therefore, PT. Wingslite Sejahtera should pay
attention to this issue and implement lean
manufacturing to reduce wastes that is highly
detrimental to the company itself.
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