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Abstract

In this paper, we introduce a Microsoft Excel Workbook containing the software Equipment
Selection Problem DS (ESPDS) that recognizes the special structure of the equipment selection
problem. The ESPDS approach is based on the context of the Brazilian forestry sector using
detailed equipment maintenance schedules. No special restrictions are needed on cost inputs
over time or technologies. The output is an equipment schedule that can be used to project
equipment investment needs, operational costs, and tree harvesting costs. ESPDS can be ap-
plied to support companies and contractors in order to choose the best option for their opera-
tions, as well as to achieve better equipment purchase agreements. We will show how ESPDS
will also be useful in providing longer term estimates of production costs. The sensitivity
analysis shows how different inputs and maintenance polices can affect the best alternative.
A numerical example is included considering the entrance of a specific technology that in-
creases the equipment productivity in order to examine whether it can change the solution.
ESPDS is intuitive, flexible, and easy to calculate. Although designed for the forestry industry,
the approach is readily transferable to other sectors. ESPDS may be found on the web at the
following URL: https://www.researchgate.net/publication/350811380_ESPDS_workbook.
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1. Introduction

Standard methods have been used for logging
equipment cost calculations such as those described
by Matthews (1942), Miyata (1980), Sundberg and
Silversides (1988), FAO (1992), Bilek (2007), Hogg et al.
(2010), and Ackerman et al. (2014). According to
Ackerman et al. (2014), companies and/or research or-
ganizations have made calculations with at least two
objectives. First, to compare different machines, either
to decide when is the best time to replace them (e g.,
Cantt et al. 2016, Diniz et al. 2020a, Diniz and Sessions
2020), or to determine which one to invest in. The sec-
ond objective is related to set a price for the work done
with the machine.

Lundback et al. (2018) report that 71% of timber
harvesting operations internationally are fully mecha-
nized. Mechanized cut-to-length (CTL) forest opera-
tions have revolutionized harvesting, with strong im-
pacts on value recovery and labor productivity
(Chiorescu and Gronlund 2001). Initially, the harvester
and forwarder were developed in Nordic regions and
thoroughly studied by Brunberg (1997) and Nurminen

et al. (2006). Today, their use is no longer limited to
gentle terrain and conifers, and the harvester and for-
warder are now common in all industrialized countries
(Gellerstedt and Dahlin 1999, Spinelli et al. 2011).

In Brazil, forest companies and contractors invest
significant funds annually for the acquisition of log-
ging equipment (Diniz et al. 2020a). According to
Lundbéck et al. (2018), 70% of the logging activities
have been carried out in a fully mechanized way in
Brazil, with 45% of the activities being CTL. In 2018,
the Brazilian forestry sector invested around $46 mil-
lion in harvesting equipment purchases (IBA 2019),
which leads us to a question: Is the equipment purchase
decision being made rationally? Cantti et al. (2017) found
that most contractors in Canada did not use a specific
approach to decide when is the best time to replace
their equipment. Only 23% of the 171 contractors used
an economic cash-flow approach. For most of them, the
decision has been made by intuition and experience.

Bilek (2007) pointed out that cash flow over time
is important because of the time value of money.
Hence, methods that take into account the discount
rate or alternative rate of return are very important.
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Other variables that need attention are the utilization
rate and the penalty applied for the unproductive
hours. Although most of the literature assumes a con-
stant utilization rate, and productivity, Nguyen et al.
(2013) commented that equipment after a certain
length of operation begins to wear out. Diniz et al.
(2020a) and Diniz and Sessions (2020) focus on incor-
porating declining utilization rates in their decision
support systems.

Although many costing models have been devel-
oped, none of them have been developed under a pro-
duction target. Diniz and Sessions (2020) developed a
decision support system for longer range equipment
replacement decisions in the context of strategic plan-
ning. The decision support system provided the opti-
mal equipment replacement schedule under expected
changes of technology, costs, and discount rates using
the harvester as an example. However, as we devel-
oped the optimal equipment replacement decision
support tool, we observed a need for a simpler tool,
ESPDS, to help companies and contractors make a dis-
counted cash flow for a common investment task of
comparing several logging purchasing alternatives.
Specifically, ESPDS calculates a discounted cash flow,
including any penalty for excessive downtime for
which a substitute equipment must be hired to fill a
production quota.

2. Material and Methods

2.1 Problem Formulation and Assumptions

The equipment selection problem is one of the
most well-known branches of decision-making. Al-
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though some papers (e.g., Yurdakul 2004, Cimren et
al. 2007, Karim and Karmaker 2016, Animi and Asoodar
2016) approach it from the perspective of multiple ob-
jectives —usually conflicting, we focus on the econom-
ic point of view. We also assume that the decision
maker has already selected all equipment to consider.

During the life of the equipment, the operating
costs usually increase, equipment availability decreas-
es, and salvage value declines, reflecting the remaining
contribution of the equipment to the enterprise or to
others (Diniz and Sessions 2020). In such an environ-
ment, the discounted cost over the equipment life,
considering a specific planning horizon (Bowman and
Fetter 1967) for the discrete case is:
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DC discounted cost
B purchase price of the new equipment at time 0
S(T) salvage value of the equipment of age T
E  operating and maintenance cost at time t
P costat time t for the lost production at time t
M, overhaul cost at time t’ where t’ is in the set T' of
overhaul times. The overhaul components are
tires, tracks, hydraulic pump, harvester head and
engine
I discount rate.
We propose a solution method called EPSDS. A
Microsoft Excel workbook containing ESPDS may be
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found on the web at the following URL: https://www.
researchgate.net/publication/350811380_ESPDS_
workbook. The workbook is organized into four work-
sheets. The first worksheet shows how to use ESPDS
in six steps. The input data is entered in the second
and third spreadsheets (e. g., purchase price, discount
rate, planning horizon). The fourth worksheet shows
the decision-maker which equipment better suits their
operation. The problem formulation is described by
the logic diagram in Fig. 1.

2.2 How Does ESPDS Work?

ESPDS can be applied to support companies and
contractors to choose the best equipment option for
their operations, as well as to achieve better equipment
purchase agreements. ESPDS can also be useful for
providing longer term estimates of production costs.
Through a sensitivity analysis, it is possible to test dif-
ferent maintenance polices and new technologies.

The procedure begins with the identification of the
planning horizon and the equipment to be considered.
As mentioned earlier, we are assuming that the deci-
sion-maker has already selected all equipment options
for purchase. The next step is to add the input data to
the program. ESPDS requires specific cost-related in-
puts, such as equipment purchase price, residual val-
ue, discount rate, maintenance policies, penalty for
unproductive hours, work schedule, operation and
maintenance (O&M) costs, utilization rate, and pro-
ductivity.

ESPDS has 6 steps.

Step 1. Identify the desired machines to apply the
equipment selection algorithm.

Step 2. Define the planning horizon (years), and the
discount rate to be used in the process. The discount
rate is the expected rate of return that is used to adjust
cash flows for the time value of money.

Step 3. Enter the values as the purchase price, re-
sidual value, schedule, and an optional production
penalty. A production penalty is applied if the avail-
ability of the equipment falls below a specified level,
and a substitute machine must be »rented« to make
up the lost production. Thus, during the hours of non-
operation, the work is done by a contractor, so that the
company’s production target can be met.

Step 4. Enter with utilization rate, O&M costs, pro-
ductivity and the scheduled hours of operation over
the machine life.

Step 5. Indicate the maintenance policy for all
equipment considered. The maintenance policy spec-
ifies cost and timing of components such as tires,
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tracks, hydraulic pump, engine, and implement (e.g.,
head and grapple).

Step 6. Run the algorithm for all equipment consid-
ered. The best solution is the lowest discounted pro-
duction cost over the planning horizon.

2.2.1 Input Data

The ESPDS workbook consists of an introduction
section; input section (Fig. 2) where cost and equip-
ment data are entered; and an output section (Fig. 3)
where the results are presented. The main input sec-
tion is divided into four parts. First, the decision-mak-
er needs to enter data such as schedule (h/y), annual
discount rate (%), purchase price ($), residual value
(%), penalty ($/h), and planning horizon (y).

In the second part, the decision-maker needs to add
overhaul information, such as the expenses to replace
the items and the time over the planning horizon. For
example, we need to replace tires with 8000 hours and,
to do that, it will cost around $13,000. In the third part,
the decision-maker will add the maintenance policy
over the equipment life. Depending on the replace-
ment time for each item, it is possible that some re-
placements will cost more than others. Using the pre-
vious example, the first major replacement would be
at 8000 hours. In this way, the next tire replacement
would be at 16,000 hours, and so on.

The last and the most challenging part is where the
decision-maker needs to add specific data on produc-
tivity, utilization rate, and O&M costs. As we men-
tioned earlier, during the life of the equipment, operat-
ing costs generally increase and the availability of the
equipment decreases, as does its productive capacity.
In the case of productivity, we believe that productive
capacity will decrease as the implement ages.

In order to calculate the O&M costs, productivity,
and utilization, the company’s historical database was
used, making it possible to obtain reliable values that
fit the scope of the decision. We chose not to use con-
tinuous equations to estimate O&M costs, as they oc-
cur less frequently, and can affect the replacement
decision. To calculate the productivity of the equip-
ment for each month, we used a constant tree size. This
could also have been varied over the planning horizon
if suggested by the strategic plan.

In the first column, as shown in Fig. 2, the decision-
maker inserts the operational hours over the equip-
ment life. In the second and third columns, the utiliza-
tion rate and O&M costs data are added, according to
the equipment lifetime. In the fourth column, the val-
ues of productivity are added. In the Appendices, it is
possible to access the database used for each equip-
ment. Therefore, the decision maker can have an idea
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Cumulative hour Utilization rate (%) Cost ($/h) Productivity (t/m’/h)
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Purchase price ($)
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Pump

Engine

Head

Overhauls Cost Schedule (h|
1st
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3rd

ath

Sth
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nth
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9th

Fig. 2 The input section of the spreadsheet

of how the data can be inserted into the input work-
sheet. As Ackerman et al. (2014) noted, the precision
of the output will be a reflection of the accuracy of the
data input.

2.2.2 Outputs

In the output section, the results are presented by
three main variables: accumulated discounted cost,
accumulated production, and production cost over the
desired planning horizon. As Fig. 3 shows, it is also
possible to check the production cost over the life of
the equipment, as well as the evolution of the operat-
ing cost. After running the cash flow calculations,
ESPDS shows which equipment has the lowest pro-
duction cost, helping the decision-maker to identify
the best equipment for its operation. It provides a com-
prehensive breakdown of all costs in monetary terms.

Equipment ion {tm') Production Cost ($..m")
: Equipment operating costs over longer planning ho-
& rizons can be estimated so that longer-term capital
S investments can have projected costs that are consis-
tent with longer-term projections.
©e 2.3 Numerical Example
To demonstrate ESPDS, we illustrate the equip-
E ment selection problem using five tree harvesting ma-
chines of a large integrated Brazilian forestry company
in southern Brazil. Table 1 provides the input data
_ including schedule, discount rate, purchase price, re-
Fig. 3 The output section of the spreadsheet sidual value, penalty, planning horizon, and overhaul
Table 1 List of data used
Parameters Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5
Schedule, h/year 4000 4000 4000 4000 4000
Discount rate, month ' 0.065 0.065 0.065 0.065 0.065
Purchase price, US$ 478,914 425,702 478,914 478,914 532,127
Residual value 0.10 0.10 0.10 0.10 0.10
Penalty, US$/h 133.03 133.03 133.03 133.03 133.03
Planning horizon, years 6 6 6 6 6
Tires, US$ 2 13,303 11,973 13,835 11,972 15,964
Tracks, US$ 2 15,964 13,303 14,634 13,303 18,624
Hydraulic pump, US$ 13,303 14,634 11,973 15,165 15,960
Engine, US$ 19,955 21,285 18,624 15,963 21,285
Head, US$ 2 47,891 39,910 34,588 43,900 61,195
Utilization, % Appendix 1 Appendix 2 Appendix 3 Appendix 4 Appendix 5
0&M costs Appendix 1 Appendix 2 Appendix 3 Appendix 4 Appendix 5
Productivity, tons/hour Appendix 1 Appendix 2 Appendix 3 Appendix 4 Appendix 5

! Implemented monthly as discount rate/12

? Overhauls
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Table 2 Maintenance policies for each equipment

C. Diniz and J. Sessions

Overhauls Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5
Tires 8000 h 9000 h 10,000 h 11,000 h 10,000 h
Tracks 11,000 h 10,000 h 11,000 h 11,000 h 12,000 h
Hydraulic pump 12,000 h 10,000 h 12,000 h 13,000 h 13,000 h
Engine 14,000 h 12,000 h 15,000 h 15,000 h 15,000 h
Head 15,000 h 15,000 h 13,000 h 14,000 h 20,000 h

costs. As in Diniz and Sessions (2020), items such as
utilization rate, O&M costs and productivity vary over
the useful life of the equipment rather than assuming
average values which could leave the best alternative
far from reality. The detailed input data (utilization
rate, O&M costs, and productivity) are available in the
appendix section.

It is important to highlight that three of the equip-
ment were of the same brand and model, and had the
same purchase price (see Table 1). In order to test dif-
ferent scenarios, we use different maintenance poli-
cies, varying not only the exchange time for each item
but also the type of part — e.g. tires, hydraulic pump,
and engine. This explains the different costs of equip-
ment overhaul, as well as the different maintenance
schedules. Table 2 presents the different maintenance
policies for each equipment considered.

According to Ackerman et al. (2014), when a deal-
er’s asking price for used equipment includes the
dealer’s profit, the asking price will usually be consid-
erably higher than the salvage value the dealer pays
when the dealer buys the machine. In this sense, we
are taking into account a straight line method to cal-
culate the residual value over the desired planning
horizon. This assumes that the value of equipment
decreases at a constant rate of its economic life. We also
used the same production penalty applied in Diniz
and Sessions (2020) to make up the lost production
during the hours of non-operation. The work could be
done by a contractor, so that the company’s produc-
tion target can be met.

3. Results

3.1 Numerical Results

Fig. 4 shows the accumulated discounted costs for
equipment over the planning horizon. We observed
that all equipment had similar discounted costs, al-
though Equipment 5 has the highest discounted costs.
Factors that explain the higher discounted cost pre-

sented by Equipment 5 are the purchase price and
O&M costs - see Table 1 and the appendix section.

From Fig. 5, the production cost generally increas-
es over the planning horizon, due to increases in the
O&M costs and decreases in utilization rate, making
the penalty paid for unproductive times ever higher.
After the 40th month of the planning horizon, produc-
tion costs fall slightly, reflecting the replacement of the
harvesting heads, which allow for productivity gains.

According to Table 3, Equipment 5 presented the
lowest production cost, indicating it was the best al-
ternative to purchase so far. Nevertheless, assume that
the decision maker does not have the total funds nec-
essary to purchase Equipment 5. He could try to ne-
gotiate with the dealer to obtain a discount on the
purchase price, however, if he was not successful, he
could choose to purchase Equipment 4, which showed
little variation from Equipment 5 in the cost of produc-
tion and requires a lower initial investment.

2.0
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Fig. 4 Cumulative discounted cost for each equipment over the
planning horizon
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Fig. 5 Production cost for each equipment over the planning horizon

Another option would be to invest in a new tech-
nology, which would make it possible to increase pro-
ductivity or increase the utilization rate. Section 3.3
presents the simulation of an example, considering the
entrance of a new technology that allows an increase
in the productivity of 2%.

3.2 Sensitivity Analysis

To verify which input data had the greatest influ-
ence on the production cost, we increased and de-
creased the initial purchase price, penalty, discount
rate, O&M costs, utilization, productivity, and over-
hauls by 2.5% and 5% for Equipment 5 with all other
inputs held constant. Fig. 6 shows the impact of those
changes on the production cost.

3.3 Entrance of New Technology

In addition to showing the versatility of ESPDS in
simulating future scenarios that can help decision
makers to identify the best equipment for their opera-
tion, we introduce a case of new technology, which is
already being tested with forestry equipment and will

ESPDS: A Support Tool to Assist Forest Equipment Purchase Decisions (99-108)

be the subject of our next work. Changes to electronic
injection by reprogramming the engine control unit
(ECU) (e.g., Hafner and Isermann 2003, Sequenz and
Isermann 2011) create different engine performance
characteristics, depending on the company’s or con-
tractor’s objective.

For example, if the machine owner has equipment
that is unable to perform its job satisfactorily due to
lack of power or torque, it is possible, through fine
adjustments in the original ECU map, to obtain more
power and torque. If the goal is to reduce the fuel con-
sumption of the equipment, it is possible to modify the
torque curve so that the engine operates in a lower
rpm range, reducing fuel consumption. For ESPDS
testing purposes, we simulated an adjustment to the
ECU map that increased the productivity of Equip-
ment 4 by 2%, keeping all other variables as they were.
We also added a $2000 investment needed to obtain
this new optimized map. Figs. 7, 8 and Table 4 show
the results obtained after performing ESPDS for
Equipment 4 and 5.

——— Purchase

——— Penalty
Discount rate

540 e Costs (O&M)

N = === Utilization

~ ~ = === Productivity

~ Overhauls

S
> 520 S

5.00 ——

Production cost, $.1
‘s
”
'3
I’ g
/

480 r

460 T
5 25

- 25 5
Change in input data, %

Fig. 6 Production cost of Equipment 5 considering an increase and
decrease of 2.5% and 5% in the input data

Table 3 Results presented for each equipment after running the equipment selection tool

Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5
Discounted cost, million $ $1.84 $1.81 $1.87 $1.78 $1.91
Production, million t 0.332 0.329 0.334 0.347 0.376
Production cost, $/t $6.49 $6.51 $6.60 $6.04 $5.94
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Fig. 7 Cumulative discounted cost for each equipment over the
planning horizon considering the entrance of a new technology

4. Discussion

4.1 Numerical Results

O&M costs can be a difficult task to predict because
they can change according to operating conditions,
operator skills, and maintenance policies (Brinker et
al. 2002, Dodson et al. 2015, Di Fulvio et al. 2017, Diniz
et al. 2020a). As mentioned earlier, in order to apply
ESPDS, it is necessary to obtain these cost curves.

Ackerman et al. (2014) adopted a different strategy
from our approach. They represented maintenance
costs in an aggregated way and were not specific in
details. Although this permits users without good
long-term records to use their model, it may provide
misleading results. For this reason, we emphasize the
importance of using precise input data (O&M costs,
utilization rate, and productivity over the equipment
life).

When it is not possible to access quality informa-
tion, reliability decreases. When it is possible to access

Table 4 Results presented by Equipment 4 and 5 after running the
equipment selection tool considering the entrance of a new tech-
nology

Equipment 4 Equipment 5
Discounted cost, million $ $1.78 $1.91
Production, million t 0.354 0.376
Production cost, $/ton $5.92 $5.94
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Fig. 8 Production cost for each equipment over the planning horizon
considering the entrance of a new technology

good quality information, detailed models end up
working very well, as observed by Ackerman et al.
(2014). Also, from Fig. 5, the decision maker can see
the impact of the maintenance policies on the cost of
production. When there is a need for a major overhaul,
production costs increased considerably. However, it
is a necessary expense, otherwise, production costs
could increase even more due to equipment failures
and lost productivity.

At this point, the decision maker is able to identify
the best equipment for his operation. The line closest
to the horizontal axis represents the best choice. Even
with the highest discounted costs — see Fig. 4, Equip-
ment 5 proved to be superior to the others (see Table
3). This result is explained by a higher utilization rate
and higher productivity. It is clear that to achieve this
result, there was a combination of other variables (e.g.,
purchase price, O&M costs, discount rate), which were
at a level that made such a result possible. Equipment
4 showed similar results, which despite having a high-
er production cost, requires fewer resources than
Equipment 5.

Another benefit of applying ESPDS is to obtain de-
tailed cost schedules —see Fig. 5. Forest harvest sched-
uling decisions often require estimates of future har-
vest costs. These projections of future conditions
directly provide a consistent link between the decision
to purchase one or more pieces of equipment and the
strategic plan of the company or contractor (Diniz and
Sessions 2020).
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4.2 Sensitivity Analysis

Sensitivity analyses using ESPDS is recommended
to test how the result changes if inputs are changed.
This process is important, especially for cost items that
make up a relatively large share of the total costs, such
as purchase price, O&M costs, utilization rate and pro-
ductivity, or where the input data are of a lower quality.

We look at the results in Fig. 6 from three perspec-
tives: (1) the variables that most affect the production
cost: utilization rate and productivity, (2) the variables
that affect the production cost with less intensity:
O&M costs, purchase price, and penalty and (3) the
variables that have little influence on the cost of pro-
duction — discount rate and overhauls.

Of the three groups, the first one is the most impor-
tant. This information can lead the decision maker to
make better purchasing agreements, as well as to seek
better maintenance practices and test new technolo-
gies (next section) to reduce production cost. Diniz et
al. (2020b) show in their work that better maintenance
practices lead to increases in the forestry equipment
utilization rate.

Knowing that the purchase price has less influence
on the production cost than utilization rate, it is pos-
sible to negotiate with the dealer some type of agree-
ment in which he undertakes to maintain a minimum
utilization rate in the first year, guaranteeing a degree
of stability to the contractor.

Although the purchase price had less impact than
the utilization rate and productivity, it is necessary to
keep attention on this variable. According to Ackerman
et al. (2014), the stated purchase price for a machine
will often differ by more than 10% depending on
whether the retailer or the contractor is asked. The
dealer usually gives a price for a minimum configura-
tion of the machine. At this point, the decision-maker
needs to consider doing sensitivity analysis to make
sure the best alternative is near to reality.

Another important point that can be drawn from
this analysis is that this information provides guidance
for many researchers working with forestry opera-
tions. For example, in our analysis it has been shown
that the utilization rate and productivity are the factors
that have the greatest influence on production cost.
This can direct future work to test new technologies,
as well as maintenance practices that have not yet
reached forestry operations.

4.3 Entrance of New Technology

To increase the productivity of the equipment,
Spinelli and Moura (2019) tested an adaptation kit,
specifically designed to improve communication

ESPDS: A Support Tool to Assist Forest Equipment Purchase Decisions (99-108)

between the harvester head and the excavator. Accord-
ing to the authors, there was a 6% increase in equip-
ment productivity. However, the kit presented in their
study was not developed for universal use. An exam-
ple of anew technology that can be applied to any type
of equipment is the use of new grid maps on the elec-
tronic central unit (ECU), which allow equipment to
increase power and productivity.

We assume no negative engine effects from this
new map and we may need to study them in practice.
It is possible that, when using an inappropriate map,
peripherals such as the turbocharger turbine may have
a shorter life, reducing the equipment utilization rate.
Fig. 7 showed the results obtained after performing
ESPDS for Equipment 4 and 5. As can be seen, Equip-
ment 5 still has higher discounted cost, however, it is
still necessary to verify how much each equipment
will produce over the planning horizon.

We also found that, unlike Fig. 5, the production cost
of Equipment 4 fell slightly. During the second month,
Equipment 4 had an increase in its production cost,
which was due to the investment decision to buy and
install the new ECU map. It is possible to verify that
increasing the productivity of Equipment 4 by 2% is
sufficient to reduce its production cost and Equipment
4 now becomes an attractive option for decision-mak-
ers. Using the sensitivity analysis, it was already pos-
sible to identify that investing in a technology that pro-
vides productivity gains would have a positive effect.

Table 4 shows that Equipment 4 increased its pro-
duction over the planning horizon and the amount
invested in the new electronic injection map had neg-
ligible impact on the discounted cost. The cost of pro-
duction fell by $ 0.02. At this point, ESPDS helped the
decision-maker to identify that the best equipment for
his activity would be Equipment 4.

Our hope is that, through ESPDS, contractors, com-
panies, and researchers can make the selection of
equipment simply, quickly and that the results portray
a possible reality. The limiting restriction on its use is
to carefully identify the input data. As Ackerman et al.
(2014) identified, the use of estimates and erroneous
data can lead to poor quality analyses.

5. Conclusions

We have described a Workbook containing ESPDS
for the selection equipment problem. The ESPDS sim-
ulator can calculate the accumulated production and
the discounted cost of logging operations over the de-
sired planning horizon, as well as the production cost,
assisting contractors in selecting the equipment that
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best suits their operation. The numerical example
showed us the Equipment 5 was the better option to
buy. Although Equipment 5 presented higher accu-
mulated discounted costs, its productivity proved to
be enough to get lower production costs. When we
explored the sensitivity of the solution to varying in-
put assumptions and rerunning ESPDS, the impacts
of those variations show the most influencing factor
on the production cost was the utilization rate, illus-
trating that improvements in maintenance techniques
could provide benefits to the contractor. When consid-
ering the entrance of new technology, ESPDS showed
the best alternative shifted to Equipment 4 as a result
of the productivity gain from modifying the ECU map.
While the results of reprogramming the ECU have
been obtained through simulation, we are currently
exploring this new technology in a real case with
promising results. We have illustrated the use of ESPS
with a harvester, but ESPDS has the potential to sup-
port the planning of short- to long-term logging man-
agement with other equipment and can be easily
adapted to other sectors.
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