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ARTICLE INFORMATION ABSTRACT

Article history: Fuel requirements have a direct impact on mining activities. The

operator's habits influence the amount of fuel used in operating the
equipment, the mine road's slope, and the distance predetermined in
the mine design planning. Adjustment Fuel Consumption Actual
(AFCA) is the fuel cost, which is influenced by the fuel price,
distance, and condition of the mining road billed for overburden and
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EYWores coal mining activities carried out by the contractor. The research
AFCA methodology uses off-site and on-site analysis. Off-site analysis can
Fue:jratio be carried out the highest 'Fuel Ratio' owned by the machine based
Grade

on its specifications and operational activities to find out how much
fuel consumption is needed to produce the amount of production per
hour (liters/bcm). Meanwhile, it needs to be correlated with the mine
road's condition, including the slope of the mine road (grade). This
study aims to determine the relationship between road grade and fuel
consumption by comparing road grade improvement efforts with
cost-benefit analysis.
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1. INTRODUCTION has been set based on the company's standard

The increasing need for tools follows the
increasing need for coal production as a means of
transportation to assist production activities at the
mine, but they also produce some environmental
impacts throughout its life cycle due to the high
consumption of energy and natural resources [1].
With this condition, fuel needs automatically
become the main thing to drive the units that will
work in the field. In addition, the use of fuel impacts
mining costs, So some companies have to evaluate
the use of fuel in each working unit to reduce
production costs.

The ratio of dump truck fuel consumption that

parameters is smaller than the actual ratio of fuel
consumption in the field. The grade that is often
encountered in the field is a grade that exceeds the
safety standard, namely grade <8%. Grade 8%
means that every 100 m, the length of the mine road
has a height difference of 8 m. Apart from road
slope and mileage factors, the ageing unit condition
causes fuel consumption to increase. The unit to be
studied in this study is the Caterpillar HD785-7
type unit. The fuel consumption is the largest
during the January - March period to move
overburdened material to the Disposal area. One
way to reduce fuel consumption is to study the
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factors that affect mechanical devices' productivity
and fuel consumption. Haul road design for an open
pit can significantly influence the associated costs.
Designing haul roads for open-pit mines can
support efficient truck hauling operations; Besides,
the time it takes for the truck movement along the
road can be estimated. Therefore, it can help
improve the function of road design [2]. So it
changes to distance and depth task of material
movement will provide accuracy indicator of a
vehicle and operator performance [3].

Several studies have previously studied the
factors that affect fuel consumption, such as testing
fuel consumption through linear regression to
identify actual fuel consumption to be used as a
recommendation to reduce fuel consumption in
mining operational units [4]. Then another factor is
the distance segmentation, vertical alignment, and
the slope of the road. Based on related research, it
explains that by using GPS assistance to find the
route in a segment, it is known that if the segment
length is too long, then the actual variation within
the class is smoothed out incorrectly. Furthermore,
the determination of the slope of a road greatly
influences the use of fuel emissions [5], [6]. Finally,
driving behavior also significantly affects fuel
consumption, divided into three main types:
defensive, standard, and aggressive [7], [8].

2. RESEARCH METHODS
This research was conducted based on

secondary data from the SAP "Fuel Consumption"

(T-code: ZMC3029R). Secondary data that will be

analyzed is field data that has been uploaded in

SAP and then analyzed the cost-benefit of AFCA

billing against the grade of all mining roads that

the operational unit passes. This research method

(Fig. 1) includes:

a) Collecting data consisting of details of
overburden and coal operational units
operating within the timeframe of the
research activities, AFCA costs incurred due
to mining operations, fuel consumption
needs, grade data of all mining roads
traversed by operational units, and specifi-
cations of the mining operational unit used.

b) Classify the equipment specifications with
the largest amount of fuel consumption based
on the work area (overburden or coal area)

c) Evaluate the number of units operating
through the mine road grade that exceeds the
8% (standard) stated on the mine map.

d) Calculating the distance of the mine road
travelled by the mining operational unit by
considering the internal and external factors
of the mine by comparing the fairness
specifications of the fuel consumption-based

Data analysis

\ 2 X
Off-site data On-site data
Y Il

SAP data fuel consumption unit
(T-code: ZMC3029R)

Determination of grade area for mining
roads that exceed the standard 8%

Y !
Pivot based
1 IVMateria| Void and payload speed data on
2: Type unit operational units

) 4

4

¥

Comparing actual fuel consumption with standard
handbook unit

v

Reduce fuel consumption with the cost
benefit calculation method

Fig 1. Flowchart of research methods
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2.1. Adjustment Fuel

(AFCA)

In calculating the AFCA, the required vari-
able factors are overburden production, average
distance, fuel consumption, and fuel price. Here
are the steps to calculate AFCA with various
factors that affect:

1. Benchmark Fuel Ratio Overburden (BFRO) is
the ratio between the amount of fuel consump-
tion to be used with the amount of overburden
planned to be unloaded and transported to the
disposal area.

Consumption Actual

fuel consumption (liters)

BFRO =

1
overburden production (bcm) ( )

2. Distance Benchmark Overburden (DBO) is
when the operational mining equipment must
travel from the demolition area to the disposal
area. If what is looking for is the average actual
distance overburden, then the total distance
travelled by the transportation equipment
needs to be averaged to get the actual distance.

Total Distance (km
DBO = lerm) )
amount of data distance

3. Variation of Fuel Ratio Actual Overburden
(VFRAO) is the ratio between the amount of
fuel consumption to be used with the amount
of overburden planned to be unloaded and
transported until the disposal area is multiplied
by the distance of the conveyance that has been
previously planned.

VFRAO = BFRO x DBO ©)

4. Actual Fuel Price (AFP) is the fuel price in the
current period, and if there is a change, the
actual fuel price can be found by calculating
the average price for each current period.

AFP =

Total current period fuel prices (4)
Number of periods

5. Fuel Ratio Overburden (FRO) is the ratio
between the amount of fuel consumption to be

used with the amount of overburden planned to
be unloaded and transported to the disposal
area, which is influenced by the haul distance
factor.

6. Fuel Ratio Allowance (FRA) is the ratio
between the amount of product produced per
period with the total fuel consumption.

FRA = FRO x Total Overburden (5)

Their productivity is greatly dependent on
the haul road condition. Poorly maintained roads
or roads surfaced by weak materials are charac-
terized by increased rolling resistance, poor
trafficability, and lower productivity [9]. The
existing mine haul road maintenance of mana-
gement strategy is often inappropriate and un-
responsive to rapidly changing road conditions.
Resulting in less than the optimal implementation
of road maintenance strategy by increasing
officers in total road users fees and service reduc-
tions [10]. Whether the way to reduce costs is
effective is by converting the grade reduction into
its commercial value, which can be seen from the
AFCA value.

2.2. Mining Road Components

In the analysis, the determination of fuel
demand is strongly influenced by the total resis-
tance generated based on the specifications of the
production unit used. And to find out the total
resistance required, a special component is needed
that must be included as a supporting variable for
the calculation, namely 'Grade Resistance' and
'Rolling Resistance’. The reduction of rolling
resistance is essential for roads [11]. If under dry
sand conditions, rolling resistance increases with
speed until the tire begins to "flat ", where it flat-
tens or decreases, modified by the load [12]. The
rolling coefficient is the variable needed to calcu-
late the rolling resistance obtained based on the
road conditions. It is included in the rolling
resistance (Cr) category of running car tires, which
is 0.0035.

Table 1. The ratio of fuel consumption criteria to total resistance [13]

Category Conditions Total resistance
Low High ratio of loading time to cycle time, good haul conditions -
low truck job efficiency.
Medium  The medium ratio of travelling time to cycle time, amediumloa  Over 2% through
factor of a truck, and medium-haul road conditions and grade 10%
High High ratio of travelling time to cycle time, a tough load factor 10% and above

of a truck, several haul road conditions, and grade.
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Table 2. Components that are affected during transport by load and empty

Activity Distance *GR *RR *TR Speed  Max.  Speed Ave. speed Time
range speed factor
Hauling Flat 330 0 5% 5% F5 36km/h 05 300m/min  1.10 min
(Loaded) Uphill 50 10% 5% 15% F2 11km/h 0.6 109.8 m/min 0.46 min
Flat 120 0 5% 5% F5 36km/h 0.6 300 m/min  0.40 min
Returning Flat 120 0 5% 5% F6 53km/h 035 309.1m/min 0.39 min
(Unloaded) Down- 50 -10% 5% -5% F6 40km/h 0.7 466 m/min ~ 0.11 min
Hill
Flat 330 0 5% 5% F6 53km/h 0.7 618.1 m/min

Information : *GR is Grade Resistance; *RR is Rolling Resistance; *TR is Total Resistance

Then from the total resistance can be seen
whether the fuel consumption ratio is in the high,
medium, or low category (Table 1). This category
is based on the total resistance results [13]. The
effect of grade on the unit speed is when loaded
and empty based on the unit specifications in the
Caterpillar handbook (Table 2). The type of road
material affects the speed of the vehicles that are
active on it [14].

Total resistance is usually called the effective
grade, which is the actual ability of a vehicle when
climbing a hill. The amount of total resistance is
strongly influenced by the amount of grade resis-
tance and rolling resistance, where grade resis-
tance is resistance that arises and must be over-
come by the force of the machine. When the unit
goes up or moves up, the grade resistance value is
positive, whereas if the unit moves down, the
grade resistance is worth negative. At the same
time, the definition of rolling resistance is the
resistance of a wheel based on road conditions
[15].

TR =GR +RR (6)

2.3. Analysis of Cost Opportunity and Cost-

Benefit

This research requires a technical analysis
that can be converted commercially to make
comparisons in decision-making, so there needs to
be a cost opportunity analysis. A cost-benefit
study to support the implementation of corrective
actions will be taken to decrease the fuel ratio. It

has an impact on the AFCA value. So it is
necessary to analyze the mining road which results
from grade conditions.

3. RESULTS AND DISCUSSION

From the results of research conducted both
off-site and on-site, the following conditions were
obtained.

3.1. Off-site Analysis

The off-site analysis is an analysis carried out
by comparing the actual data on fuel usage for the
three months running (January, February, March)
with the fuel consumption budget that has been
calculated in the planning through SAP data
(System Application Procedure). Data relating to
unit activities and operational activities based on
the unloaded material can be uploaded easily in
the SAP data. After uploading the data, the data
can be processed according to research needs. For
example, the following is the comparison data
between the amount of fuel used for three months
with data that has been previously planned or
known as budget data (Table 3).

From the comparison between budget fuel
and actual, it is found that for three consecutive
periods, there has been an increase in the amount
of fuel used from the previous plan. Therefore,
after finding out that there is a condition of over
fuel usage, a classification is made based on the
type and total fuel consumption in that period
(Table 4).

Table 3. Conditions for excess fuel use with planning data

No Month  Fuel usage (a) In budget Low budget Over fuel
1 January  9,190,584.00 6,777,213.78 1,274,494.00 1,138,876.22
2  February  7,329,943.00 5,315,100.80 1,197,800.00 817,042.20
3 March 9,757,518.00 3,337,992.81 5,478,772.00 940,753.19
Total 26,278,045.00  15,430,307.39  7,951,066.00 2,896,671.61
Percentage (%) 58.72% 30.26% 11.02%
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Table 4. Comparison of the amount of fuel consumption for each type of unit

Fuel consumption

Type unit

January February March
HD785-7 3,590,170.00 2,709,177.00 3,765,741.00
785C 443,138.00 - -
ACTROS4054 277,183.00 175,752.00 190,324.00
D155A-6 183,001.00 172,571.00 204,871.00
GDB825A-2 138,593.00 126,752.00 150,408.00
HD465-7 137,927.00 100,502.00 151,775.00
D10R 64,127.00 44,472.00 48,102.00
24M 48,321.00 41,994.00 -
FM440 FT 12,120.00 - -
D85ESS-2 3,553.00 - -
FM440 - 243,322.00 305,550.00
D375A-5 - 105,591.00 130,971.00
HD465-7 WT - 40,385.00 53,929.00
773E - - 77,475.00
8.000.000,00
6.000.000,00
4.000.000,00
2.000.000,00 | . |
0,00

Plan Actual ™ Fuel Usage

Fig. 2. Comparison of total fuel consumption with production achievement against overburden targets

Table 4 shows that the type of OB
(overburden) material production unit HD785-7
consumes the most fuel. It is because the
Overburden production target has increased, but in
fact, the off-site analysis that has been examined
shows that there is a large consumption of fuel
followed by a decrease in the amount of
production in the February and March periods
(Fig. 2). The impropriety of fuel use with the
target amount of overburden production can be
seen from the decrease in overburden production,
which should be proportional to the amount of fuel
consumption.

The data above shows the fuel ratio results,
which can be calculated by comparing the fuel
usage with the actual amount of overburden
production produced. It can also be seen that there
is still excessive use of fuel from the total
activities of units operating in the field by 11.02%.
It is evidenced by the use of excess fuel in 3
consecutive periods for overburden activity.

3.2. On-site Analysis

Observations were made in areas where the
grade exceeds the standard because this is one of
the causes of excess fuel consumption [16].
Observation and data collection was carried out
using a speedometer to determine the speed of the
production unit operating on the road with grade
criteria> 8% to obtain the time and distance
travelled by the production unit in the road area
[17]. The mine road design affects the pit limit
conditions, so the grade determines the pit depth
[18]. There is a relationship between the grade
slope and the fuel consumption based on the
number of 30 sample units operating in the area
where the road slope exceeds the standard (Table
5).

It is necessary to do a simple regression test
to determine the relationship between the
independent variable (fuel consumption) and the
dependent variable (grade). From the simple
regression test, the equation of the relationship
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between grade and fuel consumption is obtained;
Y =0.314X — 15.805

Table 5. Fuel consumption and grade data

Sample Fuel consumption (Ltr/hr) Grade (%)

01 74.67 7.35
02 74.89 7.40
03 75.37 7.45
04 75.37 7.55
05 75.75 7.60
06 75.83 7.70
07 75.87 7.90
08 75.91 8.00
09 76.04 8.30
10 77.06 8.50
11 77.65 8.55
12 76.40 8.60
13 78.50 8.80
14 78.52 8.80
15 78.55 8.90
16 79.22 9.20
17 79.28 9.30
18 79.35 9.40
19 79.40 9.70
20 79.58 9.80
21 80.05 9.80
22 82.60 10.0
23 84.22 10.6
24 84.75 10.6
25 84.38 10.6
26 84.24 10.8
27 85.20 10.8
28 86.50 11.2
29 86.45 11.2
30 88.80 11.8

The stages to perform a simple regression test
are the normality test, heteroscedasticity test, and
autocorrelation test with Durbin-Watson. In this
study, tests or analyzes carried out in the study
used SPSS (Statistical Program for Social
Science) v.26 software for windows. From the
normality test results, the P-P Plot graph equation
regarding the relationship  between fuel
consumption and grade (Fig. 3).

After obtaining the data, it is necessary to test
the normality so that the relationship between the
slope of the road and the amount of fuel
consumption can be analyzed. From the normality
test results, it was found that the Std Deviation
value was 0.983 with a total of 30 data. Visually,
the variability can be seen from the narrow

normality curve (Fig. 4).

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: Grade (%)

10

[}:]

06

04

Expected Cum Prob

Observed Cum Prob

Fig 3. P-P plot

Histogram
Dependent Variable: Grade (%)

Frequency

Fig 4. Normality test

Heteroscedasticity indicates the spread of the
independent variables. The random distribution
shows a good regression model; in other words,
there is no heteroscedasticity. Heteroscedasticity
can be done by observing a scatterplot graph with
a dotted pattern that spreads above and below the
Y-axis To test for (Fig. 5).

Scatterplot
Dependent Variable: Grade (%)

Regression Studentized Residual

Regression Standardized Predicted Value

Fig 5. Scatterplot
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The scatterplot graph shows the points spread
randomly and are spread above and below the zero
on the Y-axis. So it is concluded that there is no
Heteroscedasticity in this regression model. Apart
from observing the scatterplot graph, the
heteroscedasticity test can also be done by using
the Glejser Test. Glejser Test is a test by
regressing the absolute value of the residuals on
the independent variable. The results of the SPSS
output display clearly show that all independent
variables have a sig value > 0.05. So there is no
independent variable that statistically significant
affects the dependent variable abs res. So it can be
concluded that the regression model does not
occur heteroscedasticity.

Table 6. Result SPSS Durbin-Watson

R Adjusted  Std. Durbin-
Model R Square R Square Error Watson
1 0.977  0.955 0.954 0.28365 0.574

Table 6 explained R Square value of 0.954,
which means that between grades affects fuel
consumption of 95.4%, and the rest is influenced
by other variables not included in this study. The
way to detect the presence or absence of auto-
correlation in this study is to calculate the Durbin-
Watson statistical value. For example, table 6
shows the value of Durbin-Watson 0.574 so that
the value of du is 1.459 and dl is 1.352. After
getting the du and dl values, look for (4-du) and
(4-dl). From the results of the autocorrelation test,
the value of d<dl is obtained, so it can be

concluded that there is autocorrelation.

From the field, three unit samples were taken
to perform calculation analysis, namely the
HDCT78465, HDCT78318, and HDCT78360
units. The sample unit traverses of the mine road
condition have a grade of 9.5%. With the unit
condition with a maximum load of 166 tons and
the effect of gravity, the resistance grade is
15.45% with a rolling resistance of 0.57%, so that
the total resistance is 16.02%. In the Caterpillar
Edition 46 Handbook, the total unit resistance
specification of 16.02 is included in the high
category [18].

Using a speedometer, we can obtain obser-
vational data in the form of time and speed; then,
from these data, it can be found that the distance
travelled by the dump truck unit on a road grade
exceeds 8%. The trick with shooting the speedo-
meter at the dump truck five until six times while
passing non-standard grades until the dump truck
passes the standard road grade to get a correlation
between road grade and fuel consumption per hour
(Table 7).

After we get the time and distance data from
the observation results, then it compiled using the
jigsaw unit data, which contains the cycle time of
the dump truck and the total rotation in one hour
to get the dump truck time passing the non-
standard grade of the total rotation and the time
data from the observations. The standard cater-
pillar handbook with the high (108.2 liters/hr.),
medium (77.3 liters/hr.) and low fuel consumption
categories (57.7 liters/hr.).

Table 7. Dump truck speed observation data

_ _ Observation Time Duration T_otal Speed Distance _Total
Unit Location time Second Hour time (km/hr) Kkm distance
(Hour) (m)
HDCT Eco 4:32:48 PM 0.0125 143.06
78465 4:32:58 PM 10 0.0028 11 0.03 3056
4:33:08 PM 10 0.0028 8 0.02 22.22
4:33:18 PM 10 0.0028 10 0.03 27.78
4:33:33 PM 15 0.0042 15 0.06 62.50
HDCT Eco 4:40:39 AM 0.0097 108
78318 4:40:49 PM 10.00 0.0028 17 0.047 47.22
4:40:59 PM 10.00 0.0028 10 0.028 27.78
4:41:14 PM 15.00 0.0042 8 0.033 33.33
HDCT Eco 4:26:58 PM 0.0153 165.28
78360 4:27:08 PM 10.00 0.0028 8 0.022 22.22
4:27:18 PM 10.00 0.0028 15 0.042 41.67
4:27:28 PM 10.00 0.0028 13 0.036 36.11
4:27:38 PM 10.00 0.0028 10 0.028 27.78
4:27:53 PM 15.00 0.0042 9 0.038 37.50
d http://dx.doi.org/10.30656/jsmi.v5i1.2995 31
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From the standard criteria for using fuel by
type unit, the actual fuel usage can be calculated
based on the handbook, namely by multiplying the
observation time recorded in one rotation per hour
(Table 8). Factors of speed, distance and time also
affect the number of rites. In addition, the slope of
the road traversed by each dump truck following
the intended disposal area also affects the use of
fuel.

Table 8. Jigsaw data

Unit Ritatiqn Cycle Ritation _Totgl
per shift  time per hours ritation
HDCT78465 22 23.68 2.53 0.03
HDCT78318 22 23.59 2.54 0.02
HDCT78360 21 24.26 2.47 0.04

Total rotation is obtained from the total
rotation per hour multiplied by the total time
observed using a speedometer. Then the total
rotation is multiplied by the standard handbook
Fuel consumption type HDCT785 so that the
actual fuel consumption is obtained based on the
standard. The observations of HDCT78465,
HDCT78318, and HDCT78360 units that passed
non-standard grade conditions found that the non-
standard grade road length that the dump truck
traversed was 138.78 meters, and the total increase
in the amount of fuel per hour was 0.97 (Table 9).

If the total tool working hours is multiplied
by the increase in fuel consumption per hour, then
the fuel consumption is obtained due to grade. If
the grade that exceeds the standard is done, the
production unit will continue to pass it, increasing
fuel consumption [19]. Therefore, the amount of
consumption caused by excess grade condition
from the standard, which is 8%, is 115,879.31
liters for three months (Table 10).

The length of the road from non-standard
road grades (distance 1) impacts the condition of
excess fuel consumption compared to fixing the
road grade by forming a standard grade. Suppose
corrective action is taken by carrying out back-
filling activities for non-standard road conditions.
In that case, the AFCA costs can be reduced by $
59,098.44 so that the total AFCA costs after
reducing fuel are $ 541,956.49 (Table 11).
Previous studies related to road maintenance and
monitoring processes using GPS/BA, DGPS and
LIDAR can only work optimally with a road slope
of 8% [20]. In the process of improving grade on
roads with a slope of more than 8%, filling
material is required from overburden around the
loading point (Fig. 6). So it is necessary to
calculate the volume of overburden then the cost
of equipment for road maintenance in the form of
a dozer for levelling the material and a roller
compactor that functions for road compaction.

Table 9. Comparison of the actual fuel consumption with the handbook against the fuel
consumption value's fairness based on the unit specifications

Observation Actual fuel Increasing high
Unit Pit consumption (Itr/hr) to medium fuel
location Duration Distance High Medium con(T;Jrr/r;]pr';lon
HDCT78465 Eco 0.0125 143.06 3.43 2.45 0.98
HDCT78318 Eco 0.0097 108.00 2.68 1.91 0.77
HDCT78360 Eco 0.0153 165.28 4.09 2.92 1.17
Average 138.78 0.97

Table 10. Total fuel consumption from medium to high condition for type unit HD785

Increasing Increasing
. Lt/HM Total Fuel Total Average h'.gh to h'.gh to
Period . . medium fuel medium fuel
actual  consumption HM  distance (m) ; .
consumption  consumption
(Itr/hr) (Itr)
January 84.9 3.590.170,00 42.307,30 41.038,08
February 83.5 2.709.177,00 32.455,80 138.78 0.97 31.482,13
March 84.24 3.765.741,00 44.700,10 43.359,10
32 d http://dx.doi.org/10.30656/jsmi.v5i1.2995
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Table 11. The difference in AFCA costs before and after reduce fuel is implemented

Period Reduce_fuel Fuel price Saving cost AFCA ($)
quantity ($) Before After
January 41.038,08 20.929,42
February 31.482,13 0.51 16.055,88 601.054,93 541.956,49
March 43.359,10 22.113,14
Total 59.098,44

Before Repair

After Repair

Fig 6. Illustration of mining road condition before repair (grade> 8%) with repair condition in the
form of backfilling material.

4. CONCLUSION

Based on the data and the cost opportunity
analysis of this study, the improvement of the
grade during planning to the application process in
the field needs attention because the grade that
exceeds the standard conditions will result in
increased fuel consumption so that the resulting
fuel ratio increases. This research proves that
making the grade improvement can prevent the
excess fuel consumption condition of $ 59,089.44.
Because this research only covers cost-benefit
calculations, for further research, it is necessary to
emphasize the design of the mine road, which
supports the calculation of the fuel consumption
requirements used by the mechanically operating
mined equipment.
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