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Introduction

1 Introduction
Break-Even analysis is used to give answers to questions such as “what is the minimum level of sales that
ensure the company will not experience loss” or “how much can sales be decreased and the company
still continue to be profitable”. Break-even analysis is the analysis of the level of sales at which a company
(or a project) would make zero profit. As its name implies, this approach determines the sales needed
to break even.
Break-Even point (B.E.P.) is determined as the point where total income from sales is equal to total expenses
(both fixed and variable). In other words, it is the point that corresponds to this level of production
capacity, under which the company operates at a loss. If all the company’s expenses were variable, breakeven analysis would not be relevant. But, in practice, total costs can be significantly affected by longterm investments that produce fixed costs. Therefore, a company – in its effort to produce gains for its
shareholders – has to estimate the level of goods (or services) sold that covers both fixed and variable costs.
Break-even analysis is based on categorizing production costs between those which are variable (costs
that change when the production output changes) and those that are fixed (costs not directly related
to the volume of production). The distinction between fixed costs (for example administrative costs,
rent, overheads, depreciation) and variable costs (for exampel production wages, raw materials, sellers’
commissions) can easely be made, even though in some cases, such as plant maintenance, costs of utilities
and insurance associated with the factory and production manager’s wages, need special treatment. Total
variable and fixed costs are compared with sales revenue in order to determine the level of sales volume,
sales value or production at which the business makes neither a profit nor a loss.
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2	Simple Break-Even
Point Application
B.E.P. is explained in the following example, the case of Best Ltd. This company produces and sells quality
pens. Its fixed costs amount to €400,000 approximately, whereas each pen costs €12 to be produced. The
company sells its products at the price of €20 each. The revenues, costs and profits are plotted under
different assumptions about sales in the break-even point graph presented below. The horizontal axis
shows sales in terms of quantity (pens sold), whereas expenses and revenues in euros are depicted in
vertical axis. The horizontal line represents fixed costs (€400,000). Regardless of the items sold, there
is no change in this value. The diagonal line, the one that begins from the zero point, expresses the
company’s total revenue (pens sold at €20 each) which increases according to the level of production.
The other diagonal line that begins from €400,000, depicts total costs and increases in proportion to
the goods sold. This diagonal shows the cost effect of variable expenses. Revenue and total cost curves
cross at 50,000 pens. This is the break even point, in other words the point where the firm experiences
no profits or losses. As long as sales are above 50,000 pens, the firm will make a profit. So, at 20,000
pens sold company experiences a loss equal to €240,000, whereas if sales are increased to 80,000 pens,
the company will end up with a €240,000 profit.
The following table shows the outcome for different quantities of pens sold (Diagram 1):
Pens Sold (Q)

20,000

50,000

80,000

Total Sales (S)

€400,000

€1,000,000

€1,600,000

Variable Costs (VC)

€240,000

€600,000

€960,000

Contribution Margin (C.M.)

€160,000

€400,000

€640,000

Fixed Costs (FC)

€400,000

€400,000

€400,000

Profit / (Loss)

(€240,000)

€0

€240,000

Diagram 1: Different quantities of pens sold

The break-even point can easily be calculated. Since the sales price is €20 per pen and the variable
cost is €12 per pen, the difference per item is €8. This difference is called the contribution margin per
unit because it is the amount that each additional pen contributes to profit. In other words, each pen
sold offers €8 in order to cover the fixed expenses. In our example, fixed costs incurred by the firm are
€400,000 regardless of the number of sales. As each pen contributes €8, sales must reach the following
level to offset the above costs (Diagram 2):
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Diagram 2: Break-Even Point Graph

Fixed Costs
Selling Price - VC (u)

Fixed Costs
Contributi on Margin

€ 400000
€8

50000 pens (B.E.P)

Thus, 50,000 pens is the B.E.P. required for an accounting profit.
Break-even analysis can be extended further by adding variables such as tax rate and depreciation to
our calculations In any case, it is a useful tool because it helps managers to estimate the outcome of
their plans. This analysis calculates the sales figure at which the company (or a single project) breaks
even. Therefore, a company uses it during the preparation of annual budget or in cases of new product
development. The B.E.P. formula can be also used in the case where a company wants to specify the
exact volume of sold items required to produce a certain level of profit.
Finally, the marketing-controlling departments of an enterprise may use break-even analysis to estimate
the results of an increase in production volume or when evaluating the option of investing in new, high
technology machinery. In that case, the firm may operate more automatically, fewer workers will be
needed and what finally happens is that variable costs are substituted by fixed ones. This will be examined
later in this chapter.
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3 Restrictions
Beside its useful applications, break-even analysis is subject to some restrictions. In every single estimation
of the break-even level, we use a certain value to the variable “selling price”. Therefore, if we want to
find out the level that produces profits under different selling prices, many calculations and diagrams
are required.
A second drawback has to do with the variable “total costs”, since in practice these costs are difficult to
calculate due to the fact that there are many things that can go wrong and mistakes that can occur in
production. During estimations, if sales increase and output reaches a level that is marginally covered
by current investments in fixed assets, labor cost will be increased (recruiting of new employees or
increase in overtime costs) and consequently variable costs will grow. After a point, new investments
in fixed assets must be realized too. The above affect the production and change both the level and the
inclination of the total costs’ line in B.E.P. graph.
Another affect that is not algebraically measured, is that changes in costs may alter products’ quality.
Also, the break-even point is not easily estimated in the “real world”, because there is no in mathematical
calculation that allows for the “competitive environment”. This refers to the fact that the competition
may cause prices to drop or increase according to demand.
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4 Multiproduct Break-Even Point
When B.E.P. of a single product is calculated, sales price corresponds to the price of this product. However,
in reality firms sell many products. It is easily understood that when different products are offered by
a company, the estimation of the values of variables used in B.E.P. formula (sales price, variable costs)
becomes a complicated issue, since the weighted average of these variables has to be computed.
An important assumption in a multiproduct setting is that the sales mix of different products is known
and remains constant during the planning period. The sales mix is the ratio of the sales volume for the
various products. To illustrate, let’s look at Quick Coffee, a cafeteria that sells three types of hot drinks:
white/black coffee, espresso and hot chocolate.
The unit selling price for these three hot drinks are €3, €3.5 and €4 respectively. The owner of this
café wants to estimate its break-even point for next year. An important assumption we have to make
is that current sales mix will not change next year. In particular, 50% of total revenue is generated by
selling classic coffee, while espresso and hot chocolate corresponds to 30% and 20% of total revenues
respectively. At the same time, variable costs amount to €0.5 (white/black coffee), €0.6 (espresso) and
€0.7 (hot chocolate). We have to compute the weighted average for these two variables, selling price and
variable costs (Diagram 3):
PRODUCT

PRICE (€)

PROPORTIONAL TO TOTAL
REVENUE

WEIGHTED
AVERAGE

COFFEE

3.0

50%

ESPRESSO

3.5

30%

HOT CHOCOLATE

4.0

20%

3.35

PROPORTIONAL TO
TOTAL REVENUE

WEIGHTED
AVERAGE

PRODUCT

VARIABLE COST (€)

COFFEE

0.5

50%

ESPRESSO

0.6

30%

HOT CHOCOLATE

0.7

20%

0.57

Diagram 3: Weighted Average for some products

Applying the B.E.P. formula – company’s fixed costs are €55,000 – gives us 19,784 units.
B.E.P. = €55,000 / (€3.35 – €0.57) = 19,784 units.
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This computation implies that Quick Coffee breaks even when it sells 19,784 hot drinks in total. To
determine how many units of each product it must sell to break even we multiply the break-even value
with the ratio of each product’s revenue to total revenues:
Classic Coffee:		

19,784 × 50% = 9,892 units,

Espresso:		

19,784 × 30% = 5,935 units and

Hot Chocolate:

19,784 × 20% = 3,957 units.

The above analysis can be used to answer a variety of planning questions. We can also vary the sales mix
to see what happens under alternative strategies.
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5	Applying Break-Even Analysis in
Services Industry
Break-even analysis can be used not only for companies that sell products, but also for companies that
offer services. The following example is taken from the services’ sector and shows us the calculation
that the Finance Dpt of Advertising Ltd has made in order to evaluate a future project. Specifically, the
Marketing department of Advertising Ltd came up with the idea of “buying” advertising space of urban
buses in town Ville. They believe that many local companies will be willing to be advertised in urban
buses by having their logos and various advertisements placed along buses’ sides. Also, they believe that
annual “bus rental” (advertising in every dimension of a bus) can be “sold” for €1,500. Municipal Bus
Line, during negotiations with Advertising Ltd, made the following proposal: “Fixed payment of €500
for each bus of its fleet and extra payment (variable rental cost) €200 for each bus that will be used as for
advertisement by Advertising’s clients“. Given that the agreement will be valid for every single local bus of
municipal lines (40 buses in total) the Finance Department calculated, as follows, the break even point:
B.E.P.

Fixed Costs
Constribution Margin

40 €500
€1500  €200

€20000
€1300

15,4 buses

75000
Sales

Euros

60000
45000

Total Costs

B.E.P.

30000

Fixed Costs

15000
0
0

5

10

15

20

25

Buses

Diagram 4: Break-Even Point Graph, Municipal Bus Line Proposal
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The answer in this case is 15,4 buses (shown in Diagram 4), which is the target number, the expected
volume that covers both fixed and variable rental expenses of this new project. The management of
Advertising Ltd. considered that pre-start projections and operating realities may be different and that
the company may fall below the break-even volume. Generally, there are three ways for a company to
lower its break-even volume, two of them involve cost controls:
• Lower direct costs (i.e. controlling inventory), which will raise the gross margin,
• exercise cost controls on fixed expense (i.e. use of capital budgeting) and
• raise prices (not easy in a price-sensitive market).
After several meetings, the finance and Marketing Dpts ended up with the following scenario to be
proposed to Municipal Bus Lines: “Fixed payment of €250 for each bus of its fleet and extra payment
(variable rental cost) €600 for each bus that will be used in campaign”. In this case, the total cost for each
bus is €850, that is €150 more than the previous scenario. However, as the following equation shows, the
break-even point is less (Diagram 5).

Diagram 5: Break-Even Point Graph, Advertising Ltd Proposal

B.E.P.

Fixed Costs
Constribut ion Margin

40 €250
€1500  €600

€10000
€900

11,1 buse s

Diagram 5 depicts a comparison of total costs incurred, under these two scenarios. Total costs under the
first scenario begin from €20,000 and rise with a low rate, while total costs under the second scenario
begin from a significantly lower point (€10,000) but increase rapidly as sales rise. Intersection of the
two lines (point A) gives us the point at which total costs under two scenarios are equal. So, over 25
buses as sales increase (the number of buses “rented”) total costs – under scenario 1 – increase with a
lower rate in contrast to scenario 2. Inference is obvious. If the Marketing department of Advertising
Ltd. believes that more than 25 buses will be “rented” (63% of total fleet of buses), then there is no need
to make a different proposal and should agree with Municipal Bus Lines’ offer. On the other hand, the
second scenario could be proposed because this project is a new venture and the most important thing
during the first year is to lower the break-even point rather than to maximize profits.
Download free eBooks at bookboon.com
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Diagram 6: Cost comparison between Scenario 1 and Scenario 2.
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6 Operating Leverage
Diagrams 7, 8 and 9 depict the issue of operating leverage in three different companies that sell the same
product. Company “First” maintains a low level of fixed assets therefore its fixed costs (€30,000), are
not high. But, in order to offset this weakness it “suffers” from high variable expenses (€2). Company
“Second” experiences lower variable costs (€1.5), as a consequence of having invested in new, more
productive machinery (fixed costs €50,000). This company ends up with a greater break-even value, due
to the higher fixed expenses. So, at €15,000 units company “First” breaks-even, but “Second” is making
loss. Finally, company “Third” has spent large amount in buying latest machinery and building plants
(resulting to a fixed costs of €60,000). Its production is fully automated and fewer workers are needed.
As a result variable expenses rise (according to production’s increase) at a very low rate. Break-even value
for company “Third” is higher than the one that “Second” experiences. But, beyond this point its profits
highly increase at each level of rising sales. This is a useful information for its Marketing Departement
and generally for its management when it prepares company’s pricelist.
We took the selling price (€4) for granted, but what will happen if company “Third” decides to increase
its market share by cutting the selling price? The following table gives us the answer:
Selling Price: €4
First

Second

Third

Total Cost (€)

430,000

350,000

260,000

Units Sold

200,000

200,000

200,000

Cost per unit (€)

2.15

1.75

1.30

Company “First”
Selling Price: €4
Fixed Expense: €30,000
Variable Cost (per unit): €2
Items Sold

Sales (€)

Total Cost (€)

Profit (€)

10,000

40,000

50,000

(10,000)

15,000

60,000

60,000

0

50,000

200,000

130,000

70,000

60,000

240,000

150,000

90,000

100,000

400,000

230,000

170,000
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Diagram 7: Break-Even Point Graph, Company “First”

Company “Second”
Selling Price: €4
Fixed Expense: €50,000
Variable Cost (per unit): €1.5
Items Sold

Sales (€)

Total Cost (€)

Profit (€)

10,000

40,000

65,000

(25,000)

20,000

80,000

80,000

0

50,000

200,000

125,000

75,000

60,000

240,000

140,000

100,000

100,000

400,000

200,000

200,000

Diagram 8: Break-Even Point Graph, Company “Second”
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Company “Third”
Selling Price: €4
Fixed Expense: €60,000
Variable Cost (per unit): €1
Items Sold

Sales (€)

Total Cost (€)

Profit (€)

10,000

40,000

70,000

(30,000)

20,000

80,000

80,000

0

50,000

200,000

110,000

90,000

60,000

240,000

120,000

120,000

100,000

400,000

160,000

240,000
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Diagram 9: Break-Even Point Graph, Company “Third”

When there is mass production (200,000 units) total cost per unit for company “Third” is €1.30, which
gives a significant cost advantage against competitors “First” and “Second”. In this case, company “Third”
can lower the selling price and offer its products at the price of €2. This price knocks out of competition
company “First”, while company “Second” makes marginal profits. It is, therefore, obvious that there is
an interaction between investment in fixed assets, variable costs and invoicing.
Operating leverage relates sales (in volume) with operational earnings. Mathematically, it can be defined
as the ratio of percentage change in operating earnings to percentage change in sales (or units sold).
Degree of Operating Leverage =

% ǻX
% ǻQ

X = Profits,
ΔX = Change in profits
Q = Sales (volume)
ΔQ = Changes in sold items
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Applying the above formula to companies “First” and “Second” and for sales volume 60,000 units (from
50,000 units) we find out that operating level is 1.43 and 1.65 respectively. The meaning is that if company
“Second” sells 10% more products, its profits will raise by 16.5%, while if company “First” experiences
same rise in sales, it will end up with a 14.3% growth in its profits. So, earnings of company “Second”
are more sensitive to changes in the volume of items’ sold than earnings of company “First”. In other
words, the larger the degree of operating leverage, the greater the profits’ volatility.
Consequently, a high degree of operating leverage implies that an aggressive price policy (a situation
where products’ prices decrease in the expectation of relatively higher increase in units sold) may
lead to an important rise of profits, especially if the subject market is sensitive to products prices
(e.g. pharmaceuticals).
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7 Discounts and Promotions
A common question when deciding marketing strategies is “Should we offer a discount?”. The answer to
this question is far beyond simple and straightforward. It involves the examination of many factors such as
the competition, the elasticity of demand etc. One can use break-even analysis to answer the above question
from a pure cost and profit perspective. If the discount offer is made with a final objective to increase profit
through an increase in sales volume, caution should be exercised on the fact that the expected increase in
sales (incremental sales) will be adequate to make up for the “lost” profit from the discount offer.
To illustrate, let us assume that the owner of a cinema in Alicante, Spain wants to increase the number
of customers in August. His records indicate that his 500-seat hall, is typically less than 30 percent full
during August (the lowest tickets sales among the twelve months of the year). He wants to increase the
number of ticket sold beyond the average of 150 per day for that month (500 seats × 30%). In order to
achieve that, he decides to offer a 20 percent discount to everyone who buys tickets during that month.
To promote his offer his will run advertisements in a newspaper at a cost of €1000.
If the selling price, without the discount offer, is €10 and the variable cost per person is €2, how many
additional customers must he generate in August through this promotion in order to break-even on the
total expenses related to the promotion and the discount offer?
We can answer the above question by applying the break-even analysis. In particular, we should first
estimate the total expenses related to the promotion and the discount offer (fixed costs). In this case,
we have obvious costs of €1000 (advertisement) and a “hidden” cost. This “hidden” cost reflects the lost
profit from the discount offer.
This is calculated as follows:
500 seats × 30% average ticket sales for August = 150 tickets per day
Lost profit per customer €10 × 20% discount = €2 per customer
Total Lost profit for August: 150 tickets × €2 × 31days = €9,300
B.E.P.(tickets)

€ 9300  € 1000
€8 € 2

€ 10300
€6

1,717 tickets (approx. 56 per day)

Approximately 56 more tickets must be sold per day in August to cover the total cost of the promotion
(advertisement and discount). In other words, 206 tickets must be sold on average per day to have the
same profit as at the level of 150 tickets before the promotion. This represents an increase of 37.3 percent.
The owner of the cinema can use this figure as an additional tool to decide whether this is a good idea
or not. He might believe that a 20 percent discount might not be enough to attract 37 percent more
customers (without any additional profit) and therefore reconsider his decision. On the other hand,
he might believe that if he can break even on the cost of the promotion, the additional customers will
generate more sales for the kiosk from buying pop-corn, drinks etc.
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8 Conclusion
Break-even analysis is useful as a first step in developing financial applications, which can be used in
invoicing and budgeting. The main purpose of this analysis is to have some idea of how much to sell,
before a profit will be made. Break-even analysis is extremely important before starting a new business
(or launching a new product) because it gives answers to crucial questions such as “how sensitive is the
profit of the business to decreases in sales or increases in costs”. This analysis can be also extended to
early stage business in order to determine how accurate the first predictions were and monitor whether
the firm is on the right path (the one that leads to profits) or not. Even, mature business must take into
consideration their current B.E.P. and find ways to lower that benchmark in order to increase profits.
Owners and managers are constantly faced with decisions about selling prices and cost control (recent
massive layoffs at large multinational corporations are directed at this target, lowering the B.E.P. and
increasing profits). Unless they can make reasonably accurate predictions about the price and cost charges,
their decisions may yield undesirable results. These decisions are both short term (hiring new employees
or subcontracting out work) and long term (purchasing plants / machinery).
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