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Abstract

The pension program provider requires actuarial valuation to estimate the necessary fund amount for pension payments. This
research employs the projected unit credit and individual level premium methods. The findings indicate that the valuation of
pension benefits, assuming a career average salary, is lower compared to other salary assumptions. Conversely, the final valuation
of project unit credit using the individual level premium method is smaller than that of the projected unit credit method, which is
more suitable for participants in the pension funding program. A pension fund program represents a form of future planning
aimed at ensuring the well-being of employees during retirement. It embodies a company's responsibility towards employees who
have dedicated themselves during their working years. Such a program offers a sense of security regarding an employee's
financial future post-retirement and fosters peace of mind, knowing that their well-being in old age is assured.
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1. Introduction

A pension fund program is one form of future planning aimed at ensuring the livelihood of employees during
retirement. It represents a company's responsibility towards employees who have devoted themselves during their
working years. Such a pension fund program can provide a sense of security regarding an employee’s financial well-
being after they are no longer active, creating peace of mind for employees as their welfare in old age is assured
(Ubaidillah, 2020).

Several companies have ensured the well-being of their employees in old age by implementing pension fund
programs (Aitken, 1994). Therefore, companies purchase pension insurance. The amount of premium each employee
must pay in pension insurance is referred to as the normal contribution. Normal contributions are deducted from
employees' salaries and then invested during their working years, allowing the accumulation of sufficient funds to pay
pension benefits and maintain participants’ income continuity in old age. Pension benefits are paid out when
employees reach a certain retirement age according to the regulations of the pension fund (Von Nordheim, 2023).

Several reasons cause an employee to retire, such as death while still actively working, leading to the payment of
widow/widower pension benefits, voluntary retirement before the official retirement age, leading to pension payments
upon reaching retirement age based on their length of service, an active employee becoming disabled and unable to
work, or an employee reaching retirement age and receiving immediate pension payments (Futami, 1993b).

The retirement of many employees in a company is often unpredictable, resulting in uncertain decreases in the
workforce for the company. This necessitates the company to pay pension benefits to its employees. Therefore, if a
company does not prepare for and calculate annuity payments for employees in the form of a pension fund program, it
can lead to financial difficulties for the company resulting in unstable company finances. Based on this, it is necessary
to conduct specific calculations to project the funds that the company will need to pay its employees' pensions. The
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amount of pension benefits to be received and the normal contributions that employees must pay can be calculated
using available actuarial calculation methods.

The actuarial calculation methods that can be used include the projected unit credit method and the individual level
premium method. The projected unit credit method divides the total pension benefits, which are then allocated over
the working period, while the individual level premium method evenly allocates total pension benefits from the
actuarial valuation date (SR, 2024). Both methods use salary scale assumptions that will be estimated in the future
(future value) and assume that salaries will increase. There are three types of salary scale usage in calculating pension
benefits: final salary plan, average salary plan for the last n years, and average salary plan throughout employment.
Pension benefits will be paid out equally each year during the retirement period (Lin, 2021).

Several studies on pension fund calculations have been conducted, including those by Pratiwi (2008) and Hapsari
(2012). Pratiwi's research (2008) indicates that the normal contribution and pension benefits based on average salary
throughout employment are smaller compared to formulations based on fixed income benefits, whereas based on the
final average salary, the normal contribution and pension benefits are larger compared to fixed income benefits.
Hapsari's study (2012) shows that the normal contribution size using the projected unit credit method continues to
increase with the increase in received salaries, while if the entry age normal method is used, the size remains the same
for each year for an employee.

Based on this, the author is interested in calculating the normal contributions paid annually by participants in the
pension program and the amount of benefits obtained based on the three salary scale assumptions mentioned earlier,
using both the projected unit credit method and the individual level premium method. Furthermore, a comparison of
the calculation results between the two methods will also be conducted.

2. Literature Review

2.1 Pension Fund

The pension fund program is a form of government remuneration for civil servants who have dedicated themselves
to the state for many years (Taspen, 2013). In the pension fund system, there are several benefits provided as
additional benefits for death, early retirement (exit), retirement due to disability, and retirement at retirement age. The
additional benefits are as follows (Futami, 1993b):

1. Widow/widower pension benefits paid in case of death.

2. Early retirement pension benefits paid to participants who stop working or exit.

3. Disability pension benefits paid to participants unable to work due to disability.

4. Retirement pension benefits paid to participants who have reached retirement age.

2.2 Multiple Depreciation Tables

Multiple Decrement Table contains the probabilities of employee retirement due to early retirement (exit), death,
and retirement due to disability. The probabilities of employee retirement between ages x and x + 1 years in a
company caused by early retirement (exit), death, and retirement due to disability, respectively, are (Futami, 1993b):

W _ Wx @ _ 9 @ _

Ax —l(—T)'CIx _l(_T)'qx —l(—T)
X X X
Therefore, the probability of employees still actively working between ages x and x + 1 years, denoted as P, o, is

T d i
e =1-a" — ¢ —q

2.3 Benefit Function
The benefit function is used to determine the amount of benefits paid upon early retirement (exit), death,
retirement due to disability, or retirement at retirement age. If Br is the total benefit amount during the participant's
active working years from age e to age r, while the annual benefit received by a participant aged x years is bx
(Aitken, 1994):
by

b, =
Y r—e

The benefit obtained by participants in the pension program is a proportion of the salary, amounting to k percent,
accumulated over the working period (x — e) years based on three salary scales, namely:
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1. Final salary assumption
The final salary at age r — 1, denoted as sr—1, is formulated as:

Spo1 = (1+5) %5y,
Therefore, the pension benefit to be paid until age x years, denoted as Bx, is formulated as:
By = ksy—1(x —¢)

2. Average salary assumption for the last n years
The expected average salary for the last n years (Final Average Salary) is:

FAS = ;(1 + ) A+ )+ + 15,

1 r—x—1:
= 1_1 (1 + S) an|ssx

Therefore, the pension benefit that still needs to be paid until reaching age x years is:
B, =k FAS (x —e)

3. Average salary assumption throughout employment
The expected average salary throughout employment is:

1
r—e

[Se + o+ Sy + Syp1 + o+ 5p4]

1 Sy
T r—el(14s)*e
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The final value of annuity carried out over r — e years with an increase of s, denoted as

Sx(1+5)7%s,_
r—e x( ) r—els

Therefore, the benefit obtained by employees until reaching age x years is:

k
B, = [sx(1+ S)e_xsr—e|s] (x—e)
r—e
The Present Value of Future Benefit (PVFB) is the present value of the pension benefits that a participant in the
pension fund program will receive when the participant reaches retirement age, which is when the participant is r
years old. Pension benefits are paid out annually until the participant passes away. Winklevoss (1993) cited in Oktiani
(2013), states "(PVFB), formulated as follows:

T(PVFB)x = Brvr_x&rr—xpx

2.4 Actuarial Calculation Method

The actuarial calculation methods used in this study are the projected unit credit method and the individual level
premium method.
2.4.1 Projected Unit Credit Method

The projected unit credit method involves dividing the total pension benefits at normal retirement age by the total
service period to obtain units of pension benefits, which are then allocated to each year during the service period
(Bowers, et al. 1997). Normal contributions under the projected unit credit method PY¢(NC,) formulated as:

(1)

Dy ..
PUC(NCy) = by TT ar
pM
x
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Based on the definition of normal contributions using the projected unit credit method, we obtain:
PUC(NC,) = i, T(PVFB),

r—e

)

1 soT—X
—;Brarv r—xPx

@™ _ 5
=D

X

1 T lﬁT)
r—e "px l,(C_T)

Because ,_,p,

(Based on the commutation function)
1. D
r—e rir DJE'T)

2.4.2 Individual Level Premium Method

The individual level premium method is a method that falls under the projected benefit cost method group. This
method entails the present value on the actuarial valuation date of the total pension benefits allocated evenly over
each year of service, from the actuarial valuation date to the normal retirement age. The method utilizes assumptions
about salary escalation with a predetermined annuity amount based on past and future work periods (Jonatan, 2006).

The normal contribution amount using the individual level premium method is formulated as follows (Aitken,

1994):
T T T
NC(—N"S il )>— B 2
@ )T Prerom
De De

Essentially, the normal contributions paid by participants periodically (P\VFNC) from when the participant is e
years old until r years old are used to pay the benefits (PVFB) the participant will receive upon retirement. Therefore,
the present value of the normal contributions when the participant is e years its value will be the “@vrrve).  same
as the present value of the pension benefits when the participant is e years (PVENC),

Therefore, we obtain the equation:
"(PVFB), = T"(PVNC),

The Present Value of Future Normal Cost (PVFNC) is the present value of the normal contributions paid
periodically by participants, starting from when the participant is e years old until reaching retirement age at » — 1
years old, rwvrne). denoted as The regular payment amount of normal contributions made at the beginning of
each year, denoted as NC, starts from when participants enter the pension program (at age a years) until reaching
retirement age (at age r — 1 years), can be illustrated by the payment scheme as shown in the diagram below.

Figure 1: Scheme of Normal Contribution Payments During Employment

Based on the payment scheme in Figure 2, the regular payment of normal contributions during the participant's
working period from age a years to age r — 1 years is:

1+ UPq + vzzpa + et vr_l_ar—l—apa



Hukama et al. / International Journal of Global Operations Research, Vol. 5, No. 3, pp. 153-163, 2023 157

= Qq:r—a

Therefore, the present value of normal contributions when the participant is a years old, denoted "(PVNC), as
"(PVNC), = NC(dg:r-a)
Assuming that the participant's age upon entering the pension program is the same as the participant's age upon
starting work (a = e). Therefore, we obtain the equation:
ND _ N(T))
e T

"(PVNC), = NC(dg.r—q) = NC
D(T)
e

Based on that, the equation becomes

T T T
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Therefore, the calculation of normal contributions using the individual level premium method when the
participant is x years “PNC, can be formulated as:
(T
D
PNC, = Bty —o——r7
X T TNe(T) _ N;T)

3. Materials and Methods
3.1. Projected Unit Credit Method and Individual Level Premium

The Projected Unit Credit method involves dividing the total pension benefits at normal retirement age by the total

service period to obtain units of pension benefits, which are then allocated to each year during the service period
(T)

(Bowers, et al. 1997). The normal contribution under the projected unit credit PUC(NC,) = bx%&ir method is
X

formulated with equation (1.13) (Aitken, 1994).

The projected unit credit method involves dividing the total pension benefits at normal retirement age by the total
service period to obtain units of pension benefits, which are then allocated to each year during the service period
(Bowers, 1997). Normal pension benefits at age x are defined as follows:

_(x—e)
= o

Pension Individual Level Premium contributions are obligations paid by participants of a pension fund program to
the company according to the regulations of the pension fund. Pension contributions paid by participants of the
pension fund program from the time they join the pension fund program until they enter retirement can be calculated

using the equation:
B m
NC), = *d
(NC)y r—yx_ypx v T

With benefit :

3.2. Methods

The type of data used in this study is quantitative data, namely the salaries of employees at PT Dynacast
Indonesia, in the form of participant data in the pension program, consisting of employee salaries and the
proportion of salaries allocated for pension benefits. In this research, employee data taken randomly are
used for pension fund calculations.
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4. Results and Discussion

The following is a case example applied to PT Dynacast Indonesia. A female private sector employee in the barrel
industry began participating at the age of 27 (e = 26) and will start counting retirement from January 1, 2030, at the
age of 57 (r = 57). The basic salary in the first year (S,) received annually is Rp20,000,000. According to the
regulations of PT Dynacast Indonesia, the calculation of pension financing will commence when the participant
reaches the age of 36 (x = 36).

4.1 Calculation of Pension Benefit
Based on the assumption of 3 salary scales is as follows:

4.1.1 The assumption of the final salary
Sse = (1 + 5%)°7 17265,
= (1,05)30 20.000.000
= Rp 86.438.847
The retirement benefits that the participant will receive upon retirement are as follows:

B&Y = 2,25%(57 — 26)s56
= (0,0,6975) 86.438.847

= 60.291.095,78
So the total amount of pension benefits that will received by participants is Rp60.291.095,78

4.1.2 Assumed average salary for the last 5 years
We will do the calculation for ds)g o5 first, follows:

dsjo0s = (1+0,05)7* + -+ (1 +0,05)°

0,822702 +---+1
= 4,545951
The calculation of the salary scale assuming the average salary for the last 5 years is:
FAS = § (1 + 5%)57—26_1ds|0'05526
= =(1,05)%(4,545951)(20.000.000)

= 78.589.353,05
The pension benefits that participants will receive at the time of retirement are
B® = 2,25% (FAS)(57 — 26)
= 2,25% (78.589.353,05)(57 — 26)
= 54.816.073,75
So the total amount of pension benefits that will received by participants is Rp54.816.073,75

4.1.3 Assumed average salary during employment:

In this case it is known that the salary in the first year s,, then:

1
s+t s

r—e

= —lse+ 45 (1+5)7717]
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5o [1 4+ (14 5)7717]

r—

= SeSr—
r_e-€°r—1|s

The calculation for s5;_56)0,05 IS:
— 57-1-26
S31|0’05 =14+ (1 + S)

=1+--+ 4,321942

70,760790
Calculation of the salary scale assuming the average salary during employment is:

1
= 5726 526531]0,05
= 5(20.000.000)(70,760790)
= 45.652.122,58

The pension benefits that participants will receive at the time of retirement are

B = 2,25% (45.652.122,58)(57 — 26)
= 31.842.355,5

So the total amount of pension benefits that will received by participants is Rp31.842.355,5

4.2 Calculation of Present Value of Future Benefit

4.2.1 The assumption of the final salary

. - T
57(PVFB)3, * = BRiis, 057736 4, _ssp

— p(1) Nsy
= Bg; D
57

= 47.802.017,06
So the present value of total pension benefits at the age of 34 years is Rp47.802.017,06

T)

57-36 (
57-36P3¢

v

4.2.2 Assumed average salary for the last 5 years last

2).. _ T
57(PVFB)34 2= ]5'5(7)‘1571757 36 57—36P§6)

_ p()Ns7 _57-36 ()
= Bg; Der v 57-36P36

= 43.461.125,71
So the present value of total pension benefits at the age of 34 years is Rp43.461.125,71

4.2.3 Assumed average salary during employment
. — T
57(PVFB)34 3 = B iis, 057736 ¢, _36p P

— p(3) Ns7 . 57-36 (T
= By D, v 57-36P36

= 25.246.328,69
So the present value of total pension benefits at the age of 34 years is Rp25.246.328,69

4.3 Calculation of normal contributions using the actuarial method
4.3.1 Projected unit credit method

Calculation of normal contributions using the projected unit credit method is:

159
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B(3) D(T)

PUCNC — 57 57 i
36 (r—e) D(T) 57
36

3 T
B§7) lg7)”56 .

= a
(r—e) 1{Dp3e >7

_ 31.842.3555 126,805
(57-26)  1.323,722

= 814.397,666

(8,276628)

So the normal contribution that must be paid participants when they are 34 years old is Rp814.397,666
4.3.2 individual level premium method
The calculation of normal contributions using the individual level premium method is:

3) (T
oD
(T)_ (T 7
N3¢ —Ng,

1LPNC36

T
Béi)(lz(w)”w) Ns7
(T, (D) (T)
Dy’ +D,, ++Dgy’ Ds7

_ 31.842.355,5 (126,805)
- 36.752,72962

= 909.296,2528

(8,276628)

So the normal contribution payment made each year by the participant when 34 years old is equal to
Rp909.296,2528

In the same way, the calculation of the present value of total pension benefits, financing normal contribution each
year, and the final value of normal contribution financing can be calculated for

x = 26 until x = 57.
4.4 Calculation of the final value of financing contributions with the actuarial method is:
4.4.1 projected unit credit method
Calculation of the final value of financing contributions with the projected unit credit method is:
PUCNA — Z;zgg PUC(NC)x(]. + i)57_x
= PUCINC)26(1L1)3 + -+ PUC(NC)s7 (1L, 1)1
(4.258.876) + - + (9.861.251)
347.287.345

So, the total final value of normal contribution financing normal contribution financing with the projected unit
credit method is Rp347,287,345, —

4.4.2 individual level premium method
Calculation of the final value of contribution financing with the individual level method premium method is:
PNA = 33238 "P(NC)(1 + )%~
= PINC)26(1 1% + -+ P(NO)s, (L1}
(909.296,2528)(19,194342) + --- + (814.397,666)(1,1)
(17.453.25) + - + (895.837,43)
332.875,86.

So, the total final value of normal contribution financing normal contribution financing with the individual level
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premium method is Rp332.875,86, —

4.4 Comparison of Calculation Results
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Figure 1: Comparison of Calculation

The graph depicts two calculations related to retirement benefits using three different methods for calculating
salary: final salary, average over the last 5 years, and average over the working life. On the y-axis, the values are
represented in rupiah, while the x-axis shows the salary calculation method.

The calculation of retirement benefits shown by the blue bars shows that the highest value of retirement benefits is
obtained using final salary, which is around Rp60,291,095.78. Using the average salary over the last 5 years gives a
slightly lower value of Rp54,816,073.75. Meanwhile, using the average salary over the working life results in the
lowest pension benefit value, around Rp31,842,355.5.

The calculation of the present value of future benefits represented by the red bars shows a similar pattern. Based
on final salary, the present value of future benefits is approximately Rp47,802,017.06, which is lower than the
calculation of retirement benefits using final salary. Using the average salary over the past 5 years, this value becomes
approximately Rp43,461,125.71. Using the average salary over the working life r/esults in the lowest value, which is
around Rp25,246,328.69.

Overall, this graph shows that the salary calculation method used greatly affects the value of retirement benefits
and the present value of future benefits. The final salary method provides the highest value, followed by the average
salary over the last 5 years, and the lowest is the average salary over the working life.
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Calculation of Normal Contributions Using the
Actuarial Method

Tlngkat ndwidy _ 9091296.25
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Figure 2: Calculation of Normal Contributions Using the Actuarial Method

From the graph, it can be seen that the Individual Level category has a higher value compared to the PUC.

Calculation of the final value of financing
contributions using the actuarial method

Tingkat Individu 332,875.86

0 100,000,000 200,000,000 300,000,000 400,000,000

Figure 3: Calculation of the final value of financing contributions using the actuarial method

In this graph, the PUC has a higher value compared to the Individual Rate
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5. Conclussion
Based on the discussion, the conclusions that can be drawn are::

a) The use of the average salary assumption during employment results in relatively stable pension benefits each
year, allowing the company to avoid the obligation of normal contribution funding due to salary increases in
certain years.

b) The final calculation of normal contribution funding using the individual level premium method shows that the
individual level premium method is better from the perspective of pension fund program participants compared
to the projected unit credit method.
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