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Material Requirements Planning under
Phase-out Conditions

Regina Wagner and Thorsten Blecker

In today’s production environment with shortened product lifecycles, phase-outs,
i.e. product elimination from production, become regular events. Badly planned
phase-outs lead to high remaining stock levels after end of production, causing im-
mense sunk costs. Previously performed 26 interviews revealed that this is a major
challenge in current production (Grussenmeyer and Blecker, 2014; Grussenmeyer,
Gencay and Blecker, 2014). Therefore, the objective of this paper is to develop a ma-
terial requirements planning focusing on remaining stock induced costs during
phase-out to plan optimal phase-out quantity and phase-out date. The research is
conceptually driven and proposes an example of the methodology.

Keywords:  Phase-Out, Product Elimination, Production Planning and Control,
Remaining Stock Costs
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1 Introduction

Shortened product life cycles are significant current trends of supply net-
works (Bakker, Wang, Huisman and den Hollander, 2014, p.10). They lead
to frequent product changes in order to satisfy customer’s demand
(Slamanig, 2011, p.46).

Enabling successful product’s ramp-ups requires production capacities
availability. Since 80% of the new products are symmetrical replacements
(Saunders and Jobber, 1988), companies use the old generation’s produc-
tion plant as well for the replacement’s manufacturing, implying an equip-
ment change. Thus, the old product needs to be eliminated in order to re-
lease the demanded production capacity (Vyas, 1993, p.68). Product elimi-
nation implementations mostly are realized as phase-outs (Avlonitis, 1983;
Mitchell, Taylor and Tanyel, 1998; Baker and Hart, 2007), and their success
depends on phase-out’s process quality (Prigge, 2008). The need of having
good phase-out processes is also described by practitioners (Holzh&uer
and Riepl, 1996, p.49). Still, very few research deals with phase-out and its
processes.

Phase-out can be described in a four-stage process, starting after product
elimination decision-making. The two main stages are planning and imple-
mentation, framed by definition and finalization, describing the actual
dealing with phase-out in the production department.

To successfully produce products, and therefore, as well to phase-out prod-
ucts, companies use production planning and control (PPC). Adopting this,
especially the material requirements planning is a key issue in phase-out
planning for not having any remaining stock after end of production
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(Holtsch, 2009; Hertrampf, 2012). To appropriately plan material require-
ments, this publication presents a methodology to estimate remaining
stock costs.

The outline of this publication is as follows. After reviewing literature in
chapter 2, equations to calculate remaining stock costs are elaborated in
chapter 3. The following chapter 4 presents a phase-out example to
demonstrate the methodology’s functionalities. Chapter 5 summarizes the
results.

2 Literature Review

Eliminating products from the company’s portfolio is considered as an un-
inspiring and depressing task (Eckles, 1971, p.72) Nevertheless, in today’s
competitive environment, it is becoming more and more important (Prigge,
2008, p.100). After elimination decision-making, the implementation strat-
egy needs to be determined (Avlonitis, Hart and Tzokas, 2000, p.54). From
marketing point of view, five options are available, namely drop immedi-
ately, phase-out immediately, phase-out slowly, sell-out and drop from
standard and re-introduce as special strategies (Baker and Hart, 2007,
p.478).

2.1 Product Phase-Out

From a production point of view, only the phase-out strategies are interest-
ing to investigate due to several reasons. The drop immediately strategy
implies a direct machine stop, without any potential for improvement. The
sell-outand drop strategy only induce marketing activities. In cases of plant
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sale, production does not change, while when product’s rights are sold by
ending production, a phase-out takes place. The situation is similar to the
drop strategy. Even though the product might be re-introduced as a special
after its normal end of production, it necessarily has to be phased-out be-
fore. Thus, this paper deals with the planned phase-out of a product.

In literature, product phase-out definitions are not clear. Apart from the
fact that many authors use the term without defining it before (e.g. Inness,
1994; Holzh&uer and Riepl, 1996; Aurich, Naab and Barbian, 2005; Kotler
and Armstrong, 2010) other definitions only include the production reduc-
tion from full capacity run to end of production (e.g. Kirsch and Buchholz,
2008; Ostertag, 2008; Scholz-Reiter, Baumbach and Krohne, 2008; Elbert,
2011) without considering any planning. Therefore, we define the product
phase-out as “process, enabling companies to eliminate a product. The
phase-out is subsequent to the phase-out decision and starts with the plan-
ning. The phase-out ends with the finalization after the end of production”
(adopted from Grussenmeyer and Blecker, 2014, p.185).

Several authors assume a correlation between the market’s decline phase
and product phase-out (e.g. Aurich and Naab, 2006; Hertrampf, Nickel and
Nyhuis, 2010) even though Avlonitis (1990, pp.55-60) detected that prod-
ucts are eliminated irrespective of their position in the product life cycle.
Consequently, a phase-out may also take place at any time during the prod-
uct’s life.

2.2 Planning and Controlling Product Phase-Outs

Holtsch (2009, pp.54-60) described that previous publications do not deal
with phase-out PPC. He then developed an 8-phase phase-out reference
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process intending to give industry a guideline to plan and control phase-

out (Figure 1).
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Figure 1 Phase-out Control Process; Source: Holtsch (2009, p.62)

The phase-out PPC process presented by Holtsch is limited to phase-out
induced remaining stock costs without referring to any further phase-out
aspects. In addition, he does not follow any of the existing PPC models (e.g.
Hornung, 1996; Hackstein, 1989; Lodding, 2005; Schuh, 2006) which he an-
alyzed in his work. Holtsch (2009, p.111) only adds four activities to produc-
tion plan generation and one function to make-or-buy decision-making to
the Aachener PPS Modell (Aachen PPC Model Hornung 1996).

In his first process stage — phase-out decision-making — he aggregates re-
quirements of different stakeholders without giving any elimination deci-
sion-making model on how to decide to phase-out, and without referring
to any product elimination literature. For the second process stage — com-
ponent identification — he develops a phase-out cube, with the three di-
mensions (ranging from N via O to P) phase-out coefficient, normative
range of stock and normative stock value (as described in Holtsch (2009,
p.74)). The cube’s axes seem to have different relevance (e.g. NPO = neutral
/ OPN =dispositive adoption / PNO = phase-out relevant), where the phase-
out coefficient is the main influence factor, but no justification is given.
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The third process stage is to calculate the expected remaining stock costs
(inventory multiplied by unit costs) for all product components. This for-
mula does not include multi-variant phase-outs where there might not only
be one optimum phase-out day. At this stage, only unit costs are consid-
ered, i.e. remaining stock handling costs are entirely neglected. Further-
more, the amount of items or parts expected to become remaining stock is
considered as input variable, obliging the companies themselves to de-
velop calculation models. Process stages four and five summate all part’s
costs during phase-out (inventory costs, remaining stock costs, process
costs, as well as income or losses from remaining stocks options) in addi-
tion to general phase-out management costs. In the sixths process stage,
all options are then balanced to obtain the maximum profit. Process stage
seven, i.e. phase-out control, is described as standard control loop without
detailing any methodologies applicable. The author also describes how to
perform multi phase-outs (subsequent or parallel) by adopting the control
loop, but he does not include multi phase-outs into his planning process
(Holtsch, 2009, pp.61-109). Therefore, it is necessary to develop a phase-
out PPC model complying with specific phase-out objectives.

To close the first part of this gap, a methodology how to really calculate the
expected remaining stock at end of production and its induced costs is pre-

sented in the following chapter.

3 Expected Remaining Stock

Material requirements planning can follow stochastic, deterministic and
heuristic approaches. In general, stochastic models are applied for high
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volume, low cost products, while deterministic models are used for high
costs, low volume products. New products or products with unknown de-
mand are calculated with heuristic models; which are therefore not rele-
vant for phase-out. All models include decisions on production and inven-
tory quantities and the identification of relevant costs, e.g. variable produc-
tion costs, setup costs, and inventory costs. Similar to standard production
planning, a phase-out plan is created in a rolling horizon fashion, to be up-
dated after implementing the first decisions. The revised plan minimizes
demand forecast and production uncertainties (Graves, 2001, p.730). Pro-
duction planning figures are non-negative integers (€No).

The first planning step is to determine the amount of lots for every part j to
be purchased during phase-out for producing all phase-out items i follow-
ing the standard deterministic approach. The result then needs to be com-
pared to existing contract limitations, e.g. lot sizes, which lacks in existing
literature. For example. Hertrampf (2012) only reduces lot sizes by incorpo-
rating risk costs and Holtsch (2009) does not consider lot size limitations.
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n
i, an; - [Fl,tt] LSyt — Sjt—1+ Spjie

aPLj, = PLS,, if me>0 (1)
0 else
aryj, PLSj; > 0
Viel,jEJtET
aoit amount of items i ordered in period t [pcs]

aPLix  amount of procurement lots of part j in period t [u/m]

arj amount of part j required for item i [pcs/pcs]
LSit production lot size of item i in period t [pcs/(u/m)]
Nit need of item i in period t [pcs], i.e. ao;; — si;—1 [PCS]

PLS;y  procurement lot size of part j in period t [pcs/(u/m)]
Qi) repair parts order quantity [pcs]

Spjt spare parts need of part j in period t [pcs] (equation (2))
Sit-1 stock of item i at the beginning of period t [pcs]

Sjt-1 stock of part j at the beginning of period t [pcs]

subject to T

0,0 =) spye Vi€ @

t=1

To determine the spare parts order quantity Q ;(z) and the spare parts need
spit, please consult the publication of Sahyouni et al (2010, p.794) who pre-
sent a deterministic optimization model.
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Equation (1) calculates the ceiling of the necessary procurement lots of
part j, i.e. the smallest integer greater or equal to the equation. The equa-
tion combines information of the quantity bill of materials with the existing
demand subtracted by items i on stock. The division by the procurement
lot size directly links the calculated need to procurement limitations. It is
necessary to summate over all items i to obtain the parts’ need for all
phase-outitems. For any situation where the amount of orders can already
be covered by the stock on hand, the procurement lot size decreases to
zero. Multiplying the amount of procurement lots with the lot size gives the
stock level of part j, as given in equation (3).

Sjt :aPth'PLSjt+Sjt_1 V]E],tET (3)

aPLiy  amount of procurement lots of part j in period t [u/m] (eq. (1))
PLS;i  procurement lot size of partj in period t [pcs/(u/m)]
Sit stock of part j at end of period t [pcs]

Sjt-1 stock of part j at the beginning of period t [pcs]

The amount of stock serves to calculate the amount of lots that can be pro-
duced, taking now into account the given production lot size which is de-
termined by the company and its suppliers. To do so, equation (4) divides
the not-blocked stock of part j by the amount of parts j required to produce
one item i and by the production lot size (part consumption). To not obtain
half lots, the largest integer less than or equal to the equation is calculated
(floor calculation), thus differing from the ceiling calculation in equation
(1). The company needs enough parts procurement lots to produce (=
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rounding up), leading to a limited amount of item’s production lots (=

rounding).

Sjt — SPjt

e = €1 @
aLij; Lsit'aﬁ‘jj vieljeJ teT

ari]-,LSit>0 VLEI’]E],tET

aLijt amount of production lots of item i in period t with given part j

[u/m]
arij amount of part j required for item i [pcs/pcs]
LSit production lot size of item i in period t [pcs/(u/m)]
Sit stock of part j at end of period t [pcs] (eq. (3))

Spit spare parts need of partj in period t [pcs] (eq. (2))

Since all different parts j have different procurement lot sizes and different
consumptions per item i, equation (4) will provide several solutions for the
amount of production lots for item i and period t; one value for every partj.
To include all parts j given in the bill of materials to produce item i only the
smallest number of lots as calculated in equation (4) may be produced with
the given stock of materials. The necessary calculation is formulated in

equation (5).

alm = minfaly} Vi€l teT (5)
-]

aLijt amount of production lots of item i in period t with given part j
[u/m] (eq. (4))
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aLmi  minimum amount of production lots for item i in period t [u/m]

The expected item’s i remaining stock needs to be calculated despite the
fact that the calculation started with the initial amount of orders, due the
rounding procedures in equation (1) and (4) leading to additional items i
produced, that cannot be sold. Equation (6) calculates the item’s i remain-
ing stock, i.e. maximum amount of items i available at the end of period t
(from stock or production), considering production and procurement lot
size constraints leveraged by the amount of items ordered. When the time
period t corresponds to the time between phase-out beginning and end of
production, the amount of production lots times the production lot size is
the phase-out quantity.

RS; = almy - LS;; + Syy_y —ao;; Vi€Lt€ET (6)
aLmi  minimum amount of production lots of item i in period t [u/m]
(eq. (5))
aoit amount of items i ordered in period t [pcs]
LSit production lot size of item i in period t [pcs/m/u]
Sit-1 stock of item i at the beginning of period t (t-1) [pcs]

RSit remaining stock of item i at the end of period t [pcs]

In addition to the item’s i remaining stock, the remaining stock amount of
every part j is a set of stock balance constraints that equate the supply of
all parts j in a period with its demand for producing item i. In any period t,
a certain amount of parts is ordered, while others are already stocked. The
available parts are then consumed to produce the item or to store them as
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spare parts. Due to the fact that normally more parts are procured than

sold, stock remains (equation (7)).

1

RS]t = Sjt—l - Spjt + aPth . PLS]t - Z aLmit . ari]- . LSit V_]

almit

aPLjt
ari

|

LSit
PLSjt
RSjt
Sjt-1

Spijt

i=1 (N
EJteT

minimum amount of production lots for item i in period t [u/m]
(eq. (5))

amount of procurement lots of part j in period t [u/m] (eqg. (1))
amount of part j required for item i [pcs/pcs]

number of phase-out items using part j

production lot size of item i in period t [pcs/(u/m)]
procurement lot size of part j in period t [pcs/(u/m)]

amount of remaining stocks of part j at the end of period t [pcs]
stock of part j at the beginning of period t [pcs]

spare parts need of part j in period t [pcs] (eq. (2))

The calculated remaining stock from equation (7) is multiplied with the

sum of the unit price per part j (i.e. the purchase price) and the remaining

stock costs (equation (8)). The latter costs depend on the chosen remaining

stock handling option chosen for partj (e.g. sale, recycle, or scrap). For sale

situations where some income is generated, the cost is negative to reduce

the expected remaining stock costs.
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ecRS;; = {stt(pujt +cRS;) if RS>0 Vj€JteT ®)
0 else

Source: Adopted from Hertrampf (2012, p.37)

CRS;jt unit costs for the remaining stock handling option according
to the existing remaining stock option of part j (Holtsch, 2009,
p.95) [€/pcs]

ecRS;  expected remaining stock costs for remaining stock of part j at
the end of period t [€]

pu;t unit price per part j in period t [€/pcs]

RSt amount of remaining stocks of part j at the end of period t [pcs]
(equation (7))

At this point it is reasonable to estimate a valuation at the part’s replace-
ment costs for puj, for two reasons. First, following the first-in-first-out
(FIFO) principle will in many situations reduce previous period’s stock (Sjt.1)
to zero. Second, planning periods should be relatively short so the differ-
ence between procurement costs of two subsequent periods is neglectible.
For an entirely exact calculation, the procurement costs need to be dis-
counted together with the storage costs that emerged by that date depend-
ing on the time every part j was bought (also not specified by Hertrampf
(2012)).

The phase-out coefficient represents the usage degree of one part j in the
phase-out item i and in other items | (Holtsch, 2009, p.74). A coefficient of
less than one indicates a further use of part j in other items | and that any
part’s remaining stock can be “sold” to another product, thus, generating
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a revenue the the unit price to eliminate the part from calculation pu;, =
—cRSj;. Those parts j do not create any loss for the remaining stock costs
calculation. Equation (9) shows the phase-out coefficient.

T I
PO = Xi=i(ar; - aoy)
= (Zh_,an; - aoy + X1, aryj - aoy)
t=1 1=1“4"1lj it i=1%ij it

vjeJ ©)
arjj,arij; >0 Viel,jeJleLteT
Source: Holtsch (2009, p.74)
aoit amount of phase-out items i ordered in period t [pcs]
aoi amount of orders of alternative item | in period t [pcs]
arij amount of part j required for item i [pcs/pcs]
an; amount of part j required for item | [pcs/pcs]
cPO; phase-out coefficient of part j [0;1]
| number of phase-outitems i
L number of alternative use in other items |
T number of time periods until end of planning horizon

Parts j that might be used in next generation versions of item i might also
be sold in future, which is not considered in equation (9). In those cases the
expected remaining stock handling option would be storage and positive
revenue after item’s i end of production at the level of the unit price per
partj. Similar to calculating the part’s remaining stock costs in equation (8)
also the remaining stock costs of the surplus items is calculated in equation
(10), following an identical assumption. It is highly likely that companies
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sell remaining stock to at least obtain a lower-than-normal revenue (i.e.
negative cRSi), such as IBM who in 1998 generated a loss of $1 billion due
to excess PC inventory at their dealers which were sold at low special offer
prices (Bulkeley, 1999).

RS;(cpy + cRSy) if RS;y>0 VielteT

ecRSiy = { 0 else

(10)
Source: Adopted from Hertrampf (2012, p.37)

Cpit unit cost of production for item i in period t [€/pcs] (in general:
material procurement costs, manufacturing costs and related
overhead)

CRSit unit costs for the remaining stock handling option of item i

[€/pcs]

ecRSi  expected remaining stock costs for remaining stock of item i at
the end of period t [€]

RSit amount of remaining stock of item i at the end of period t [pcs]
(eq. (6))

Equation (11) gives the total expected remaining stock costs for all parts j
and the phase-out item i for every period t over the planning horizon of T
periods until end of production.

Concluding, equations (1) to (11) calculate the company’s total remaining
stock costs at the end of any period with a given amount of orders. For sit-
uations with only one phase-out item, the index i becomes 1.
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1 J
tcRS, = Z ecRS;; + Z ecRS;; VteT (11)

i=1 =1

expected remaining stock costs for remaining stock of item i
at the end of period t [€] (equation (10))

expected remaining stock costs for remaining stock of part j at
the end of period t [€] (equation (8))

number of phase-out items
number of parts
total remaining stock costs of all parts in period t [€]

number of time periods

4 Phase-out Example

To better understand the equations described above, this chapter offers an

example to calculate remaining stock costs for one phase-out item i con-

sisting of five parts j (j1-j5). Production lot sizes is LSit = 45, and sit1 = 50

items are already on stock. Let us assume the following further values:



Material Requirements Planning under Phase-out Conditions

89

Table 1 InputVariables for Phase-Out Example
Inout variable il i2 i3 i4 i5
ari 1 2 3 4 5
PLS; 50 40 28 20 10
DUt 3 2 58 17 31
CRS; 10 10 10 10 10
S 5 4 3 2 50
Table2 Amount of Items Ordered in Periods t1-t6
tl t2 3 t4 t5 t6

aon 75 10 25 54 43 77
Table 3 Amount of Items Ordered in Periods t7-t12

t7 8 9 t10 11 t12

90 100 12 23 97 49

aoit
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Figure 2 Expected Remaining Stock Costs per Period

Figure 2 shows a sample calculation of the expected remaining stock costs
over 12 periods of the phase-out item i.

As given in the formulas above the remaining stock costs depends on the
demand, the procurement and production lot sizes, the inventory at hand,
aswell as costs for remaining stock handling and procurement/ production
unit costs.

In the given example the company will need to pay ca. €6.000 of remaining
stock costs at the end of period t12, consisting out of €4.200 for handling
the remaining stock of the item itself and €1.800 for handling the parts’ re-
maining stock.

Figure 2 clearly shows that remaining stock costs differ strongly from pe-
riod to period. The lowest amount may be achieved at the end of period t2;
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the highest amount needs to be paid at the end of period t7. The latter costs
are more than twice times period t2 costs.

5 Summary and Conclusions

This research introduces a methodology to calculate expected remaining
stock costs at end of production as add-on to material requirements plan-
ning within PPC. After a brief literature review, eleven equations are pre-
sented which serve to calculate first, the expected remaining stock quan-
tity, and second, resulting costs. An example shows the methodology’s
functionalities.

This paper closes the gap in research by addressing the missing link of
guantity and cost calculation in remaining stock investigations. By now,
only costs were analyzed, expecting remaining stock quantity as given in-
put.

Using the presented equations supports companies first of all in knowing
the expected remaining stock costs level. In a further step companies may
now decide basing on the new information to take different means for re-
ducing the expected stock. One option is to end production earlier, i.e. to
not meet the entire demand. In the example, period t2 is the month with
least remaining stock costs. Yet, the company most probably will need to
offer a penalty payment or a replacement product to the customer. This
makes choosing period t2 less likely, but period t9 could then become in-
teresting. But a further aspect changing the situation is that at the end no
remaining stock of the item itself will be available (it is not reasonable to
scrap remaining stock and pay penalty for unmet demand at the same
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time), so only the parts’ remaining stock will be regarded, which would shift
it to period t10 in the given example. Yet, also the amount to be paid for not
meeting the demand needs to be considered, which consists of penalty
costs and lost profit.

Alternatively, companies might try to reduce item’s stock by selling them
to a lower (cost-covering) price and to reduce part’s stock by reducing pro-
curement lot sizes where possible. Calculating appropriate lot size
amounts is presented in Hertrampf’s (2012) publication.

The next steps in research are therefore to include unmet demand (lost
sales) and additional production runs to consume remaining parts into the
methodology. Then, companies are enabled to thoroughly decide which re-
maining stock reduction measure is the most appropriate for their given
situation.
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