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ABSTRACT 

The purpose of this paper is to propose an appropriate evaluation scheme for improvement activities, based on a sim-
ple model comprising cash inflow by sales as well as variable and fixed cost expenditures. The paper distinguishes 
capacity surplus and capacity shortage situations, and examines economic benefits gained by yield increase improve-
ment and capacity increase. The paper then proposes a basic rule of thumb for economic evaluation of improvement 
activities. The logic is simple but useful in practice, being conducive towards improvement activities under current 
economic conditions with uncertainties. 
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1.  INTRODUCTION 

In manufacturing operations, various improvement 
activities, including those aiming at reduction in machine 
breakdowns or in changeover and setup time, as well as 
yield increase, are implemented for the enhancement of 
productivity, quality, lead time, and flexibility. Especially, 
under recent economic conditions with increasing uncer-
tainties in demand and cost factors, improvement activi-
ties for enhancing fundamental capability of manufac-
turing firms draws particular attention (Kono, 2003, 2009, 
2010). 

However, methods for appropriately evaluating fi-
nancial impact on managerial outcomes are still under 
discussion both among academia and practitioners. For 
example, improvement in operating procedure results in 
the decrease of man-hour input required for daily pro-
duction. Although it is often claimed that the improve-
ment results in reduced labor cost, this evaluation method 
does not reflect market conditions. Where demand is 
booming, decrease in man-hour input requirement may 
increase supply capacity, resulting in sales increase on a 

corporate level. 
Methods for evaluating outcomes of improvement 

activities are studied in such areas as engineering econ-
omy, industrial engineering, cost accounting, and quality 
management (Senju et al., 1982, 1986, 1994; Nakamura, 
1985, 2002). But evaluation in monetary terms is strongly 
affected by the procedure of financial accounting, the 
major purpose of which is to demonstrate economic out-
comes of the past financial year to stakeholders. Since 
the duration of time under consideration is the past year, 
simply using theories and procedures employed in fi-
nancial accounting does not lead to appropriate evalua-
tion of improvement activities. 

This paper proposes a method and procedure for 
evaluating economic impact of various improvement 
activities. The paper presents a simple and comprehen-
sive model of manufacturing operations, paying atten-
tion to the balance between market demand and supply 
capacity. The validity of the proposed method is exam-
ined with a numerical example, based on the concept of 
financial management and engineering economy. The 
proposed method may prove to be a useful one which 
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manufacturing companies can use in appropriately de-
signing and evaluating various types of improvement 
activities. 

2.  ASSUMED IMPACT OF IMPROVEMENT 
ACTIVITIES 

 
In general, profit, denoted by ,π  generated by pro-

ducing and selling a single product, is given by 

,= × − × −p S v Q Fπ   (1) 

Where, p: unit sales price 
 S: sales volume 
 Q: production volume 
 v: unit variable cost 
 F: total fixed cost. 

 
Where yield is not 100%, S is given by .y Q×  There-

fore, the profit equation incorporating yield is given by: 

,= × × − × −p y Q v Q Fπ   (2) 

where y represents yield and is given by 1.0-defective 
ratio .f  

 
This statement implies that if the yield is improved from 
y0 to y1 ( 0 1<y y ), economic benefit Δπ  can be obtained 
by 

( )1 0 .Δ = × − ×p y y Qπ   (3) 

If demand quantity is somehow restricted by market 
conditions, however, this calculation may not hold water. 

On the other hand, if yield is improved by decreas-
ing the defective ratio from f0 to f1, the economic benefit 
(increase in profit) may be obtained by ( )0 1× − ×v f f Q  
according to the common theory. While it may appear to 
be appropriate in terms of cost saving, impact of produc-
tion volume increase is neglected in this calculation. 

Furthermore, if production volume is increased 
from Q0 to Q1, it may be correct to say that economic 
benefit is ( ) ( )1 0 .− × −p v Q Q  In this calculation, however, 
market conditions are neglected. 

In practice, values of man-hour rate and machine-
hour rate are typically used in economic evaluation of 
productivity increase. If a company reduces setup time 
from 3 hours to 2 hours, the economic benefit can be 
calculated by multiplying man-hour rate by 1 hour of 
reduction. If man-hour rate is 4,000 yen, monthly bene-
fit would be 4,000 8 (hours/day) 20 (days) yen. But 
again, the notion of man-hour rate has nothing to do 
with any terms found in profit equation of (1). Therefore, 
man-hour rate and machine-hour rate mislead us in eco-
nomic evaluation of improvement activities. 

The purpose of this paper is to identify a method of 
appropriate economic evaluation for improvement acti-

vities, such as yield improvement or capacity increase. 
In addition, effect of unit-based profit and total-based 
profit is compared from the viewpoint of adequate eva-
luation of capacity increase in production. 

3.  MODEL FORMULATION 

This section uses the following notations in addi-
tion to notations in Section 2: 

 
C: production capacity 
D: demand quantity 

 
For these notations, the following conditions are satisfied:  

≤Q C .    (4) 
= ×S y Q .   (5) 

As an assumption, we can set up a case of < <D S  
<Q C  as illustrated in Figure 1, under the conditions of 

(4) and (5). It is clear that the sales volume is beyond the 
demand, resulting in overproduction against demand. 
Then, production volume is decreased as indicated by 
arrows in Figure 1, to the level of =D S  that results in 

,<Q C  as illustrated in Figure 2. This situation, which 
satisfies 

,=D S    (6) 

and 

,<Q C    (7) 

is referred to as capacity surplus in this paper. 
 

D = ×S y Q Q C  
Figure 1. Assumed case of overproduction. 

 

D S = DQ y C
 

Figure 2. Case of capacity surplus 
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Next, let’s think of a case in which ,< <S Q C  as 
well as ,>D S  as illustrated in Figure 3. However large 
the value D may be, the situation falls into a case of 
unmet demand, resulting in increase of production vol-
ume as illustrated in Figure 3. As a result, S is also in-
creased. 

If S reaches the level of D ( )=D S  before Q reach-
ing C ( =Q C ), then the situation falls into a category of 
Figure 2, representing the case of capacity surplus. In 
this case, profit π  is given by the next statement. 

= × − × −p S v Q Fπ  

.= × − × −
Dp D v F
y   (8) 

This statement implies that profit is determined as a 
function of D in the case of capacity surplus. 

On the other hand, if Q reaches the level of C 
( )=Q C  before S reaching D ( ),=D S  then the condition 
of >D S  is satisfied as a result, as illustrated in Figure 4. 
The situation under the condition =Q C  as shown in 
Figure 4 is referred to in this paper as capacity shortage. 
It should be noted that the capacity shortage situation 
can be further separated into cases of <D C  and ,>D C  

implying that capacity shortage is not determined by the 
balance between D and C as normally pointed out by 
textbooks of engineering economy, but by the balance 
between D and S. The value of S is affected by the value 
of production capacity C. 

 

D S Q C  
Figure 3. Assumed case of unmet demand. 

 
In the case of capacity shortage, profit π  is given 

by the next statement. 

= × − × −p S v Q Fπ  
= × × − × −p y Q v Q F  

.= × × − × −p y C v C F   (9) 
 

D = ×S y Q Q C  
Figure 4. Case of capacity shortage. 

This statement implies that profit is determined as a 
function of C in the case of capacity shortage. State-
ments (8) and (9) tell us that profit equation differs be-
tween cases of capacity surplus and shortage. 

4.  EVALUATION OF IMPROVEMENT 

This section examines economic impact of two im-
provement activities: 1) yield improvement; and 2) ca-
pacity increase, for both cases of capacity surplus and 
capacity shortage. Yield improvement is practicable th-
rough quality improvement of raw materials, improve-
ment of inspection devices, or quality improvement ac-
tivities. 

4.1 Yield Improvement 

The first case is yield improvement, by means of, 
for example, decrease in production of defects. 

In the case of capacity surplus, when yield is im-
proved, it is clear from (5) that the required amount of 
production is decreased, whereas the total revenue stays 
the same since demand is already met in full. Therefore, 
if yield is increased from y0 to y1, then economic benefit 
Δπ  is obtained from (8) as 

 

0 1
.

⎛ ⎞
Δ = × −⎜ ⎟

⎝ ⎠

D Dv
y y

π    (10) 

 
On the other hand, in the case of capacity shortage, 

yield improvement results in increase of sales, as can be 
seen from statement (5), whereas production volume, 
which is the sum of quality products and defective prod-
ucts, remains the same since production is operated to 
the full capacity. Therefore, from (9), economic outcome 
Δπ  is obtained by the next statement 

 
( )1 0 .Δ = × − ×p y y Cπ   (11) 

4.2 Capacity Increase 

The second case is capacity increase, resulting from 
such activities as setup time reduction, changeover time 
reduction, or labor productivity improvement. 

In the case of capacity surplus, it is clear from Fig-
ure 2 that salable amount is restricted by demand D, and 
therefore, capacity increase does not bring any econo-
mic benefit.  

On the other hand, in the case of capacity shortage, 
capacity increase from C0 to C1 results in increase in 
salable amount. Thus, until S becomes lower than D, 
economic benefit Δπ  is obtained by the next statement. 

 
( ) ( )1 0 1 0Δ = × × − − × −p y C C v C Cπ  

( ) ( )1 0 .= × − × −p y v C C   (12) 
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Table 1. Economic benefit of improvement 

 
Yield Increase 
( )0 1→y y  

Capacity Increase 
( )0 1→C C  

Capacity  
Surplus 0 1

⎛ ⎞
× −⎜ ⎟
⎝ ⎠

D Dv
y y

 0 

Capacity  
Shortage ( )0 1p y y C× − ×  

( ) ( )1 0× − × −p y v C C

(up until 1× ≤y C D )
 
On the other hand, in the case of capacity shortage, 

capacity increase from C0 to C1 results in increase in 
salable amount. Thus, while S stays lower than D, eco-
nomic benefit Δπ  is obtained by the next statement. 

 
( ) ( )1 0 1 0Δ = × × − − × −p y C C v C Cπ  

( ) ( )1 0 .= × − × −p y v C C   (12) 
 

Furthermore, if capacity is further increased to 2 >C  
1,C  where demand is fully satisfied by C1, which means 

1 ,× =y C D  then the improvement beyond C1 does not 
bring about any economic benefit.  

Summarizing the above discussions, economic be-
nefits for each case can be shown in Table 1. 

We can learn from this Table that improvement ac-
tivities under capacity surplus conditions would bring 
about either the benefit of reduced variable cost or no 
benefit at all, while the benefit of those under capacity 
shortage conditions would be a function of unit sales price 
p. Therefore, when we plan for improvement activities, 
whether the situation in question is capacity surplus or 
capacity shortage needs to be thoroughly investigated 
with particular attention to the distinction between the 
two. While a greater effect may be expected from im-
provement under capacity shortage conditions, it is dif-
ficult to promote improvement in such a situation due to 
shortage in man-power for improvement. In addition, 
since sales efforts count heavily in determining the bal-
ance between capacity and sales, consolidated efforts of 
sales and supply departments are indispensable. It should 
also be noted that, in management practice, long-term 
perspective is required in evaluating efforts of impro-
vement activities. The lack of understanding this simple 
but practical distinction of capacity surplus and shortage 
often works as an impediment to an appropriate eco-
nomic evaluation of improvement activities. 

5.  A NUMERICAL EXAMPLE 

The paper assumes the following values: 
 

unit sales price 30p=  dollars/piece 
unit variable cost 10v=  dollars/piece 
total fixed cost 20,000F =  dollars 
production capacity 2,000C=  pieces/month 
yield 0.9y=  

Monthly profit under full capacity of production is given 
by 
 

π  = 30 (dollars)×0.9×2,000 (pieces)  
-10 (dollars)×2,000 (pieces)-20,000 (dollars) 

= 14,000 (dollars). (13) 
 

In the case where the monthly demand D is 1,500 pieces, 
the situation falls into capacity surplus. The monthly 
profit in this case is given by  
 

π = 30 (dollars)×1,500 (pieces)  

-10 (dollars)×
1,500

0.9
 (pieces)-20,000 (dollars) 

= 8,330 (dollars). (14) 
 

Then, if the yield is improved from 0.9 to 0.95, benefit 
is given by 

 

10 (dollars)×
1,500 1,500

0.9 0.95
⎛ ⎞⎟⎜ − ⎟⎜ ⎟⎟⎜⎝ ⎠ (pieces)  

= 880 (dollars) (15) 
 

It can be confirmed that profit with yield 0.95 is given 
by  

 
π  = 30 (dollars)×1,500 (pieces)  

-10 (dollars)×
1,500
0.95

 (pieces)-20,000 (dollars) 

= 9,210 (dollars). (16) 
 

which has increased 880 dollars from the original case. 
In the case where the monthly demand D is 2,500 

pieces, the situation falls into capacity shortage. Mon-
thly profit is given by (13). If the yield is increased to 
0.95, then the monthly profit increase is given by 

 
π  = 30 (dollars)×(0.95-0.9)×2,000 (pieces) 

= 3,000 (dollars). (17) 
 

Meanwhile, if capacity is increased from 2000 to 2200 
pieces/month, profit increase is given by 

 
πΔ  = (30 (dollars)×0.9-10 (dollars)) 

 ×(2,200-2,000) (pieces) 
= 3,400 (dollars). (18) 

 
If the capacity is increased beyond 2,500/0.9＝2,778 (pie-
ces/month), then the situation falls into the case of ca-
pacity surplus, bringing no economic benefit even if 
capacity is further increased. 

6.  MEANING OF COST REDUCTION BY 
CAPACITY INCREASE 

As explained in Table 1, capacity increase brings 
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economic benefit in case of capacity shortage until the 
condition × ≤y C D  is satisfied. Here a simple question 
may arise: would capacity increase somehow push up 
the quantity of demand, instead of the demand staying 
unchanged? 

Production capacity is increased normally for re-
ducing manufacturing cost. Since increase in production 
capacity does not bring any economic benefit in the case 
of capacity surplus, the case of capacity shortage is con-
sidered. Profit per piece of product, denoted by / ,Cπ  is 
given from (9) by  

 

.= × − −
Fp y v

C C
π

  (19) 

 
This implies that the capacity increase from C0 to C1 can 

result in increase in profit per piece by 
0 1

.
⎛ ⎞

−⎜ ⎟
⎝ ⎠

F F
C C

 It 

means that, through increasing the capacity while main-
taining the profit per piece of product, the unit price may 
eventually be reduced. This looks reasonable and is of-
ten used as a rationale for justifying productivity in-
crease for creating the latitude of price reduction. 

In reality, however, there is a larger room for price 
reduction. The total profit for both cases of capacity C0 
and C1 is given, based on the assumption that the de-
mand quantity can be increased along with the price 
reduction from p0 to p1, by 

 
( )0 0 0 0 .= × × − × −C p y C v C Fπ    (20) 
( )1 1 1 1 .= × × − × −C p y C v C Fπ    (21) 

 
For securing profit with capacity C1 which is not less 
than that with capacity C0, the statement ( ) ( )1 0C Cπ π≥  
must be satisfied. Then from the statement (20) and (21), 
the value of p1 is given by 

 
0 1 0

1 0
1 1

.−
≥ × + ×

C C Cvp p
C y C   (22) 

 
Taking the case of numerical example in Section 5, 
based on the assumption that the production capacity is 
increased from C0 = 2,000 to C1 = 2,200 (pieces/month) 
for the situation of capacity shortage, the price p1 to se-
cure the same monthly profit as with the case of p0 = 30 
(dollars/piece), is given from (22) by 

 

1
2,000 10 2,200 2,00030
2,200 0.9 2,200

−
= × + ×p  

28.28 (dollars/piece).=  (23) 
 

Total-based profit is calculated as shown in Table 2. 
Since the total variable cost increases from 20,000 to 
22,000 dollars, the unit sale price required to maintain 

the total profit of 14,000 dollars is given by  
 

56,000 (dollars/month)
2,200 (pieces)  

28.28 (dollars/piece).=  (24) 
 

It may as well be confirmed that profit under capacity 
C1 = 2,200 (pieces/month) and p1 = 28.28 (dollar/piece) 
is given by 

 
( )1 1, 28.28 0.9 2,200 10 2200 20,000= × × − × −C pπ  

14,000 (dollars/month),=  (25) 
 

which is equivalent to ( )0 0,C pπ  given in the statement 
(13). 

On the other hand, profit per piece under capacity 
C0 and C1, from (20) and (21), is given by 

 
( )0 0

0
0 0

,
,= × − −

C p Fp y v
C C

π
  (26) 

 
and  

( )1 1
1

1 1

,
,

′
′= × − −

C p Fp y v
C C

π
  (27) 

 
where 1p ′  represents price to assure original profit per 
piece under the case of 0.p  It follows that 1p ′  is given 
by 

 

1 0
0 1

1 .
⎛ ⎞′ = − −⎜ ⎟
⎝ ⎠

F Fp p
y C C   (28) 

 
For the numerical example, 
 

1
1 20,000 20,00030

0.9 2,000 2,200
⎛ ⎞′ = − × −⎜ ⎟
⎝ ⎠

p  

28.99 (dollars/piece).=  (29) 
 

Unit-based calculation is summarized in Table 3. In 
order to maintain profit per piece of 7 dollars/piece, unit 
sales-price needs to exceed 28.99 dollars/piece. 

This calculation tells us that price per piece can be 
reduced from 0 30p = (dollars/piece) to 1 28.99p ′ =  (dol-
lars/piece) while maintaining the same profit per piece 
as in the original case. It implies that there seems to be a 
room for price reduction of 1.01 (dollars/piece) (= 30-
28.99) to realize the actual order of 2,200 (dollars/ month). 
However, in reality, there is a larger room for price re-
duction, 1.72 (= 30-28.28) (dollars/piece) as shown in 
the statement (23). This reveals that per-piece based cost 
calculation misleads us in evaluating the effect of capac-
ity increase. Instead, we need to pay attention to the 
total-based profit calculation (refer to Appendix). 
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Table 2. Total-based calculation 

 
before  

( 0C = 2,000 pieces) 
after  

( 1C = 2,200 pieces)
sales income 

× ×p y C  54,000 (dollars)   59,400 (dollars) 
→ 56,000 (dollars)*

total variable 
cost ×v C  20,000 (dollars) 22,000 (dollars) 

fixed cost F  20,000 (dollars) 20,000 (dollars) 

total profit π  14,000 (dollars)    17,400 (dollars) 
→ 14,000 (dollars)

*
1 56,000 (dollars) 2, 200 (pieces) 25.45 (dollars/piece).　　p y× = ÷ =  

1 25.45 0.9 28.28 (dollars/piece).p∴ = ÷ =  
 

Table 3. Unit-based calculation 

 before (2,000 pieces) after (2,200 pieces)
sales price p  30 (dollars/piece) 28.99 (dollars/piece)

yield y  0.9 (dollars/piece) 0.9 (dollars/piece)
net sales  

price 
×p y  27 (dollars/piece) 26.09 (dollars/piece)

variable cost v  10 (dollars/piece) 10 (dollars/piece)
fixed cost  
per piece 

F
C  10 (dollars/piece) 9.09 (dollars/piece)

profit per 
piece C

π  7 (dollars/piece) 7 (dollars/piece) 

 
In actual management of productivity, cost, and 

price issues, many companies consider by separating 
production (supply) and sales (marketing) functions. In 
this case, the supply side (production section) increases 
production capacity for the purpose of cost reduction, 
while the sales side (sales section) endeavors to receive 
more orders. If the coordination between the two func-
tions does not work appropriately, the sales function is 
likely to believe that the room for price reduction is some-
how limited (as 1p ′  in the numerical example), often 
resulting in the failure of realizing the order of C1. In 
reality, however, there is a larger room for price reduc-
tion than what is believed by the sales function (as 1p  

in the numerical example). Thus, the appropriate man-
agement between supply side and demand side is requi-
red, based on economic calculation of total cost and 
total profit. 

It is truly important that the supply side, which has 
control over production capacity, maintains sound com-
munication with the sales section, which controls unit sales 
price and demand quantity eventually. It should be remem-
bered how critical it is to maintain sound supply chain 
coordination, which would be hard to achieve if produc-
tion and sales sections are separated by sectionalism. 

7.  CONCLUDING REMARKS 

This paper delved into the problem of evaluation of 

improvement activities, from the perspective of eco-
nomic income and expenditure. It examined mainly two 
case of yield improvement and capacity increase. It also 
presented the notion of capacity surplus and capacity 
shortage, which represents the balance between demand 
quantity and salable amount. 

The fundamental principles described in this paper 
are not complicated, and can be summarized as follows: 

 
1) We need to identify cases of comparison, namely, 

which cases to be compared. 
2) Differences among cases in terms of cash income 

and cash expenditure need to be clarified. 
3) The balance between demand and salable amount 

needs to be considered. Economic outcome differs 
between cases of capacity surplus and those of ca-
pacity shortage. 

4) Capacity surplus/shortage is determined by D (de-
mand) and S (supply), but not by D (demand) and C 
(capacity). 

5) Economic result differs between capacity surplus 
and shortage situations. 

6) The difference should be calculated on the basis of 
total amount, not on the per-piece basis. Evaluation 
on the unit profit basis would lead us to misunder-
standing; evaluation on the total profit basis is al-
ways more appropriate in economic evaluation. 
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Appendix 

From the statement (22), price 1p  to secure the same 
profit as the original case of 0p  is given by 

 
0 1 0

1 0
1 1

.−
= × + ×

C C Cvp p
C y C

  (A.1) 

 
On the other hand, the statement (28) shows that price 

1p ′  for maintaining the equal profit per piece is given by  
 

1 0
0 1

1 .
⎛ ⎞′ = − −⎜ ⎟
⎝ ⎠

F Fp p
y C C   (A.2) 

 
Then,  

 

1 0 1 0
1 1 0

1 1 0 1

1 .
⎛ ⎞− −′ − = × − × − × −⎜ ⎟
⎝ ⎠

C C C Cv F Fp p p
C y C y C C  (A.3) 

 
It follows, 

 

( )1 1 1′× × −C y p p  

( ) ( )0 1 0 1 0 1
0 1

⎛ ⎞
= × × − − × − − − ×⎜ ⎟

⎝ ⎠

F Fp y C C v C C C
C C  

( ) ( ) ( )0 1 0 1 0 1 0
0

= × × − − × − − × −
Fp y C C v C C C C
C  

( )0 1 0
0

⎛ ⎞
= × − − × −⎜ ⎟
⎝ ⎠

Fp y v C C
C  

( ) ( )0 0
1 0

0

,
.= × −

C p
C C

C
π

 (A.4) 

 
Therefore, 

 
( )0 0 1 0

1 1
0 1

, 1 .
⎛ ⎞−′ − = × × ⎜ ⎟
⎝ ⎠

C p C Cp p
C y C

π        (A.5) 

 
Therefore 1 0p p′ − >  is satisfied, if the profit for the 
original case ( )0 0,C pπ  is positive. It means that 

1 1 ,p p ′<  thus the room for price reduction on the total-
profit basis ( )1 0p p−  is larger than that in the case based 
on the per-piece basis ( )1 0 .p p′ −  

 
 
 
 
 


