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Abstract

This work presents the computation of depreciation under Modified Accele-
rated Cost Recovery System using simulation software developed for the pur-
pose. The three case studies presented provide in-depth analysis and applica-
tions of the simulation software that was developed. The results from the
three case studies proved that the investment of $900,000 by Virgin Atlantic
airline to purchase three new aircrafts will be recovered in 8 years; Toyota’s
investment of $152,000 in the automated assembly line will be recovered in 8
years while AEG’s investments in the two forklift trucks and crane will both
be recovered in 8 years for the same reason. These results gave a quick insight
for evaluating such an unstructured real life problem as depreciation (cost re-
covery) in organizations.
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1. Introduction

Plant Assets are fixed/tangible assets used in generation of income. They are
characterized by having a useful life of more than one year, used in the operation
and day-to-day running of the business and are not intended for resale to cus-
tomers [1].

Plant assets are purchased for use and as such are considered as a quantity of

usefulness that will contribute to the production and manufacturing operations
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of a business throughout the service life of the asset. Since the life of any plant
asset other than land is limited, this quantity of usefulness or value expires due
to physical deterioration as the asset is used. This expiration of an asset’s quan-
tity of usefulness is generally described as depreciation and a corresponding por-
tion of its cost is recognized as depreciation expense [2].

Depreciation is the process of allocating asset costs over its entire life. This al-
location is done in a way that the cost of the asset is charged to the accounting
periods during the economics life of the asset and decreases the net value of the
fixed assets [3].

Depreciation is an estimate of a decline in the value of property. Therefore,
property that does not decline in value, or whose decline cannot be reasonably
estimated, should not be eligible for depreciation [4].

For Industrial Engineering analysis, the depreciation process does not meas-
ure the physical deterioration of the plant asset each period, neither does it at-
tempt to record changes in the assets market value because the market value may
even increase while the process of depreciation continues anyway. Rather it is
the allocation of the cost of a tangible plant asset to expense in the periods in
which services are received from the asset [5].

The existence of depreciation of tangible and intangible assets is a result of
two factors: the first factor is the economic and accounting expression of the
(functional and physical) wear and tear of assets depending on their nature and
use. The second factor stems from the fact that in the acquisition of fixed assets,
it is not possible to include their cost into corporate cost [6].

Various tools are used in computing depreciation cost. One of such tools is
known as “The Modified Accelerated Cost Recovery System (MACRS)”, a model
used for computing depreciation of most assets placed in service after 1986
mainly for tax purposes. It consists of two systems that determine how property
is depreciated. The main system is the General Depreciation System (GDS)
which is based on the 200% and 150% declining balance switching to straight
line depreciation models. The other is the Alternative Depreciation System
(ADS) which uses a longer recovery period and involves only straight line mod-
el.

This Modified Accelerated Cost Recovery System allows a corporation to elect
accelerated declining balance depreciation. Relative to straight-line depreciation,
declining balance depreciation allows for greater depreciation deductions during
the early years of an asset’s life, but smaller deductions in later years [7].

The concept of depreciation and the measurement of its value have long been
a prominent issue in economic literatures, the relevance of which is demon-
strated by the great number of open questions related to the subject. In the last
two centuries, a good number of researchers dealt with the problem of deprecia-
tion, which not only contributed immensely to the evolution of depreciation
theory, but also gave rise to many new issues. The majority of these newly en-

countered problems appear to be inextricable, placing the subject in what seems
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to be an endless horizon [8].

[9] worked on the impact of depreciation on costs with focus on the impact of
depreciation methods on costs used in Romania. [10] examined the accounting
framework of tangible assets using IFRS and US GAAP and the depreciation
methods together with fair value accounting following Life Cycle Costing me-
thodology. The results of the empirical analysis indicated that most appropriate
method of depreciation is the sinking fund method which is based on a financial
approach to depreciated assets only when the asset is profitable.

In spite of a good number of researches done on the calculation and computa-
tion of asset depreciation cost, there is a great need for the development of a
software ideal for computing depreciation of plant assets in Engineering Econ-
omy. The simulation program is a useful tool for managerial decision making.
Hence, this work focuses on the development of a simulation software to com-
pute plant asset depreciation using Modified Accelerated Cost Recovery System
(MARCS).

2. Methodology

The step-by-step procedures adopted for building the simulation model for this
work entails the following steps: Problem definition, identifying decision va-
riables and set objectives, Developing the simulation model, Test and validate
the model, Design the simulation experiment, Run the developed simulation,

Evaluate the results.

Simulation Flowchart

For ease of understanding the flowchart which is presented in Figure 1, the de-
finition of parameters used in the flowchart is as follows.

Let: MACRS GDS = MACRS General Depreciation System

MACRS ADS = MACRS Alternative Depreciation System

L = Asset class life

N = Recovery period

Drn = Depreciation rate for nth year

Fen = First Cost for nth year

Den = Depreciation Expense for nth year

Adn = Accumulated Depreciation for nth year

Adn -1 = Accumulated Depreciation for (n —1) th year

Bn = Book value (or Basis) for nth year

Yn = nth year

SV = Scrap value, Salvage value, or Residual value

The modeling language used for the simulation program is FORTRAN 95
with Salford FTN 95 Compiler.

3. Results and Discussion

In this research, three case studies were used to test the developed simulation

software as seen in Table 1, Table 3 and Table 5 respectively. These case studies
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Figure 1. The simulation flow chat.

Table 1. First case study (Virgin Atlantic Airline).

CASE 1

Virgin Atlantic airline is considering the purchase of 3 new passenger aircraft. This aircraft has the
capacity of 400 passengers at an expected load factor value of 0.95. A fare of $275 one-way will be
charged and the air plane will make an expected 300 one-way crossings per year. The aircraft will
cost $900,000 each. Operations and maintenance expenses will be $727,500 per year. It is estimated
that this major purchase will yield an increase of $120,000/year in gross income. Resale value of the
air craft will be $350,000. Depreciation under MACRS is over a life of 7 years. The airline is in the
46% tax bracket. Management wants to report the highest possible earnings to stockholders in the
near future, yet also wants to minimize taxable income. What will be the MACRS depreciation
deduction recorded for the period under review?

Table 2. The MACRS depreciation schedule for virgin Atlantic airline.

Please, enter value for the first cost in thousands

900

What is the recovery period?

7

Year Dep. Expense Acc. Deprec. Book value

1 128.61 128.61 771.39
2 220.41 349.02 550.98
3 157.41 506.43 393.57
4 112.41 618.84 281.16
5 80.37 699.21 200.79
6 80.28 779.49 120.51
7 80.37 859.86 40.14
8 40.14 900.00 0.00

Press RETURN to close window ...
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Table 3. Second case study (Toyota Motor Corporation).

CASE 2

Toyota Motor Corporation recently acquired a subsidiary auto company and plans to revamp its old
automobile plant. It was perceived that even with the present workforce, building and technology at
this subsidiary plant, productivity was gradually declining. To meet rising demand, Toyota wants to
expand output and increase sales by investing in an Automated Assembly line to produce vehicles of
higher quality, at a lower cost, and with less pollution. The initial cost of this innovative technology
will be $140,000, with an installation cost of $12,000, an economic life of 15 years and a residual
value of $29,000. The Company’s Management wants to know the MACRS depreciation schedule
for use in the manufacturing accounts and in making income projections for the proposed
investment.

are Virgin Atlantic Airline, Lagos; Toyota Motor Corporation, Lagos and AEG,
an Engineering firm base in Lagos, Nigeria. The results obtained from the analy-
sis of these case studies using the simulation software developed are presented
respectively and discussed in detail.

From the information given in Table 1, the First Cost, FC = $900,000, Asset
class life, L = 7 years.

Recovery period, n = 8 years, Salvage Value = $350,000.

The parameters in Table 1 were used in the simulation software model de-
veloped and the program was executed. For each aircraft, the MACRS deprecia-
tion schedule is presented in Table 2.

The results obtained as presented in Table 2 shows that should Virgin Atlan-
tic decide to purchase the new aircrafts, the company will be investing $900,000
each for the 3 aircrafts ($2,700,000) to obtain a quantity of transportation for
their daily operations. The recovery period is 8 years due to MACRS half-year
convention. This implies that this quantity of transportation will expire in 8
years after which the aircrafts will be replaced to ensure safety of lives in their
daily operations. The MACRS depreciation expense (in thousands) for each year
will then be recorded as depreciation deduction for the aircrafts in the compa-
ny’s balance sheets. The tax effects of this MACRS depreciation schedule shows
that lower taxes are paid in the earlier years up to the 5" year when the tax pay-
ment becomes constant till the 7* year and then increased in the last (8") year as
depreciation expense dropped to $40,140.

Similarly, from the information given in Table 2, the First Cost, FC =
$152,000, Asset class life, L = 7 years, Recovery period, n = 8 years, Salvage value
= $29,000.

The above parameters were used in the simulation software model developed
and the program was executed. For the automated assembly line, the MACRS
depreciation schedule is presented in Table 4.

The output from Table 4 shows that the first cost of $152,000 ($140,000 plus
$12,000) to be invested in the automated assembly line will be recovered in 8
years instead of 7 years due to MACRS half-year convention. The MACRS de-
preciation expense (in thousands) for each year will also be recorded as depreci-

ation deduction for the automated assembly line in the company’s balance
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sheets. The tax effects of this MACRS depreciation schedule implies that lower
taxes are paid in the earlier years up to the 7" year when the tax payment be-
comes constant till the 15" year and then increased in the last (16™) year as de-
preciation expense dropped to $4480.

From the information given in Table 5, the first cost for the crane, FC = $10,000
+ $7000 = $17,000, asset class life, L = 7 years, Recovery period, n = 8 years.

Table 4. The MACRS depreciation schedule for the automated assembly line.

Please, enter value for the first cost in thousands

152

What is the recovery period?

15

Year Dep. Expense Acc. Deprec. Book value

1 7.60 7.60 144.40
2 14.44 22.04 129.96
3 13.00 35.04 116.96
4 11.70 46.70 105.26
5 10.53 57.27 94.73
6 9.47 66.74 85.26
7 8.97 75.71 76.29
8 8.97 84.68 67.32
9 8.98 93.66 58.34
10 8.97 102.63 49.37
11 8.98 111.61 40.39
12 8.97 120.58 31.42
13 8.98 129.56 22.44
14 8.97 138.53 13.47
15 8.98 147.52 4.48
16 4.48 152.00 0.00

Press RETURN to close window ...

Table 5. Case study 3 (AEG, Engineering Firm).

CASE 3

AEG, an engineering firm, is considering investing in material handling equipment-a new crane
and two new forklift trucks to transport large pallets of in-process materials from department to
department. It is estimated that these will reduce annual operating cost by $9000/year over a 10 year
planning horizon. At present the materials are transported on manually operated low lift platform
trucks. The total worker-hour required per year will also be reduced from 6000 hours to 2000 hours
if the forklift is purchased. The forklift will cost about $25,000 and have an economic life of 7 years
with a zero-estimated salvage value. The crane will cost about $10,000 with an estimated installation
cost of $7000 and an economic life of 7 years. What is the combined deprecation deduction that will
be made to overhead cost in the company’s manufacturing account?
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The above parameters were used in the simulation software model developed
and the program was started. The output of the MACRS depreciation schedule
for the crane is as shown in Table 6.

First cost for the fork lift trucks, FC = $25,000%2 = $50,000, Asset class life, L =
7 years, Recovery period, n = 8 years, Salvage value = $0.

The output of the MACRS depreciation schedule for the forklift upon suc-
cessful execution of the simulation program is shown in Table 7.

The output in Table 7 shows that the first cost of the crane, $17,000 ($10,000
plus $7000) will be recovered over an 8 year planning horizon instead of 7 years
due to MACRS half-year convention. Similarly, the first cost of the 2 new forklift
trucks, 50,000 ($25,000*2) will be recovered in 6 years instead of 5 years for the
same reason. Their combined MACRS depreciation expense will be reflected

yearly in the balance sheets until the 8* year.

Table 6. Output of MACRS depreciation schedule for the crane.

Please, enter value for the first cost in thousands

17

What is the recovery period?

7

Year Dep. Expense Acc. Deprec. Book value

1 2429.30 2429.30 14,570.70
2 4163.30 6592.60 10,407.40
3 2973.30 9565.90 7434.10
4 2123.30 11,689.20 5310.80
5 1518.10 13,207.30 3792.70
6 1516.40 14,723.70 2276.30
7 1518.10 16,241.80 758.20
8 758.20 17,000.00 0.00

Press RETURN to close window ...

Table 7. Output of the MACRS depreciation schedule for the forklift.

Please, enter value for the first cost in thousands

50

What is the recovery period?

7

Year Dep. Expense Acc. Deprec. Book Value

1 7.15 7.15 42.85
2 12.25 19.39 30.61
3 8.74 28.14 21.86
4 6.24 34.38 15.62
5 4.46 38.85 11.15
6 4.46 43.30 6.70
7 4.46 47.77 2.23
8 2.23 50.00 0.00

Press RETURN to close window ...
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4. Conclusion

A simulation software to compute plant asset depreciation using Modified Ac-
celerated Cost Recovery System (MARCS) has been developed. The results from
the three case studies proved that the investment of $900,000 by Virgin Atlantic
airline to purchase three new aircrafts will be recovered in 8 years due to
MACRS half year convention; Toyota’s investment of $152,000 in the automated
assembly line will be recovered in 8 years while AEG’s investments in the two
forklift trucks and crane will both be recovered in 8 years for the same reason. A
cursory look at the benefits of MACRS for tax purposes over other depreciation
models as well as its rapid write-off of assets in the earlier years of the asset’s life
shows that it is ideal for computing depreciation of plant assets in engineering
economy. The simulation program is a useful tool for managerial decision mak-
ing in this study area because of its relevance in areas of applications such as:
Long range planning for purchase and replacement of plant assets used in man-
ufacturing operations, Computing depreciation deductions in any given period
for tax purposes in manufacturing accounts and taxable income in balance
sheets of corporations, Financial analysis in industrial engineering, Operations

research, Engineering economics as well as in cost engineering.
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