Chapter 4
Planning Capacity

o Capacity Strategies
o Determining Capacity Requirements
o Supplement A & B: Decision Tools

Case: Tesla Motors

= Tesla announced plans in 2014 to
build the world’s largest battery
factory with 6500 employees.

= Much of the price reduction of the
new car would come from a significant decrease in the cost
of battery made possible by the scale economies. &t

= The plant’s excess capacity maybe underutilized in the first
three years.

m Other car manufacturers use batteries that are not
compatible.




What is Capacity?

Capacity: The maximum rate of output of a process or a system.

® Managers are responsible for ensuring that the firm has
the capacity to meet current and future demand.
Otherwise, the organization will miss out on
opportunities for growth and profits. FR1EZEHE

Capacity decisions must be made in light of several long-
term issues such as the firm’s economies and
diseconomies of scale, capacity cushions, timing and
sizing strategies, and trade-offs between customer
service and utilization. REEHIFZ

Measures of Capacity
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Use Output Measures when:

m The firm uses high volume, standardized processes
Use Input Measures when:

m The firm uses low-volume, flexible processes
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Bottlenecks Determine Line Process Capacity
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Measures of Capacity and Utilization

o Design capacity (max. capacity)
®  maximum output rate or service capacity a process can
reasonably sustain for a long period.
o Effective capacity

m Design capacity minus allowances such as personal time,
maintenance, and scrap.

o Actual output
Efficiency = - — x100%
Effective capacity

o Actual output
Utilization = - x100%
Max. capacity




Economies of Scale: the average unit cost of a service
or good can be reduced by increasing its output rate.
Total Cost = Fixed Cost + Variable Cost

Fixed Cost + Variable Cost
Total Output

Unit Cost =

Spreading fixed costs
Reducing construction costs
Cutting costs of purchased materials

Process advantages: At a higher output rate, the process shifts
towards a line process with resources dedicated to individual products.

Diseconomies of Scale

A facility can become so large that the average cost per unit
increases as the facility’s size increases.

Complexity: Too many layers of employees and bureaucracy

Loss of focus: A less agile organization loses the flexibility
needed to respond to changing demand

Inefficiencies: Large companies become more involved in
analysis and planning that they innovate less and avoid risks

Bigger is not always Better =&K&t




Economies and Diseconomies of Scale
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Capacity Timing and Sizing Strategies

o Sizing Capacity Cushions = total capacity - expected capacity needed

o Timing and Sizing Expansion

Expansionist Strategy: stays ahead of demand, large and
infrequent jumps in capacity.

Wait-and-see Strategy: lags behind demand and relies
on short-term options. Small and frequent jumps.

Follow the Leader (intermediate strategy) &RBEHNERE ?

o Demand uncertainty vs. resource inflexibility

A Systematic Approach to Long-Term
Capacity Decisions

. . . Demand
. Estimate future capacity requirements B

. Identify gaps by comparing requirements with
available capacity
. Develop alternative plans for reducing the gaps ReEIEI:Y

. Evaluate each alternative, both qualitatively Planning
and quantitatively, and make a final choice
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1. Estimate Capacity Requirements 1/2

For one service or product processed at one operation with a one year
time period, the capacity requirement (workers or machines) is

Dxp
Nx[1—-(C/100)]

Bl E—ER

D = demand forecast for the year (number of customers served or
units produced)

p = processing time (in hours per customer served or unit produced)
N = total number of hours per year during which the process operates
C = desired capacity cushion (expressed as a percent)

1. Estimate Capacity Requirements 2/2

Setup times may be required if multiple products are produced.

M= [D1p1+(Di/Q1)s1]+ [Dapr+(Dr/O2)s2] +... + [Dyput (Dl On)sinl
B N[1—(C/100)]

Bl - ZRREM

D = demand forecast for the year (number served or units produced)
p = processing time (in hours per customer served or unit produced)

O = number of units in each lot

s = 4R 5 setup time in hours per lot

N = total number of hours per year during which the process operates
C = desired capacity cushion (expressed as a percent)




Example 4.1

A copy center in an office building prepares bound reports for

two clients. It currently has three copy machines.

Item Client X ClientY

Annual demand forecast (copies) 2,000 6,0

Average lot size (copies per report) 20
Standard setup time (hours) 0.25 0.

Standard processing time (hour/copy) 0.5 0.7

00

30
40

The center operates 250 days per year, with one 8-hour shift.

Management sets a capacity cushion of 15 percent.

Calculating Capacity Expansion and Timing

1. Forecast long term demand for each product line
2. Calculate equipment/labor requirements

3. Project and allocate resources over the planning period

forecast 135 185 245 297 348
machine requirement 09 123 162 198 231

4. Utilization > 80%, Overtime/Subcontract < 25%

Setup time requirements?




| 2. Identify Capacity Gaps
o ldentify gaps between projected capacity requirements
and current capacity

m Complicated by multiple operations (bottlenecks) and
resource inputs

Operation Operation 2
Lm/ pighe fad t15hr. |

m Operation A Operation B Operation C
L2228 N Bl 120k Ked  f22ihr

3. Develop Alternatives

e Base case is to do nothing and suffer the consequences
e Expansion vs. wait-and-see vs. follow the leader

o FRHER¥IR: overtime, temp. workers, subcontracting

e Make or Buy: expertise, quality, cost, risk...

o [RIKERE: closing, laying off, reducing work time

4. Evaluate Alternatives

e Qualitative concerns 5 B #ifi
e Quantitative & R




Supplement A: Break-Even Analysis

Unit variable cost (c) cost per unit for materials, labor and etc.

Fixed cost (F) the portion of the total cost that remains
constant regardless of changes in levels of output.

Quantity (Q) the number of customers served or units
produced per year.

Total Cost = Fixed Cost + Total Variable Cost=F + c x Q
Total Revenue s unit revenue (p) x Quantity (Q)

Total Profit=pxQ—(F+cxQ)

Break-Even Quantity B2 F#12 (Indifference points)
Total Profit=pxQ—(F+cxQ)

Total Revenue > Total Cost = pxQ>(F+cxQ) = Q>

Amount ($)
Amount ($)
Amount ($)

S
Fixed cost ' F r \,0":’

Q (volume in units) Q (volume in units) BEP units
Q (volume in units)
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Example A.1

A new procedure will be offered at $200 per patient. The fixed cost
per year would be $100,000 with variable costs of $100 per patient.
What is the break-even quantity for this service?

400 +

__F 100,000
92 5=¢ = 200_100

| Total annual revenues

_ . (2000, 300)
= 1,000 patients ™~ Total annual costs
Break-even

i quantity

Dollars (in thousands)

=
(=3
=

Fixed costs

BREFEITRNEES? | H ! |
500 1000 1500 2000
Patients (Q)

Evaluating Alternatives

o F, : The fixed cost (per year) of the B option
o F,, : The fixed cost of the M option
© ¢, . The variable cost (per unit) of the B option

© ¢, - The variable cost of the M option

e Total cost of the B option = F;, + ¢,xQ What if F,, >F,,
e Total cost of the M option =F,, + ¢, xQ  €n >’

I =l
Fb+Cb><QZFm+cme :QZW

11



Example A.3 : Make or Buy

A fast-food restaurant is adding salads to the menu.
Make = Fixed costs: $12,000, variable costs: $1.50 per salad.

Buy = Preassembled salads could be purchased from a local
supplier at $2.00 per salad. It would require additional
refrigeration with an annual fixed cost of $2,400

The price to the customer will be the same.
Expected demand is 25,000 salads per year.

Fn=Fy _12,000-2400
0= =,

=19,200 salads

20-1.5

Financial Analysis
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Consider time value of money, present value=$150,000
Payback period=5 years
Annual interest rate=5%
Annual net cash flow=
=PMT(5%,5,150000,0)
=534646
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Planning Service Capacity

= Need to be near customers
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= Inability to store services
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= Volatility of demand
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Summary
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