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ABSTRACT

Industrial decision-makers everywhere depend on “payback” as
a way to evaluate proposed investments in their facilities. Compared
to more sophisticated financial measures such as net present value and
internal rate of return, payback is comparatively simple to understand
and calculate—perfect for “back of the envelope” analysis. But its in-
herent simplicity also creates problems. As a managerial decision tool,
payback remains grossly inexact and misapplied, especially when thou-
sands, or even millions, of dollars are at stake. As this article explains,
the “save-or-buy” calculation provides a better way.

INTRODUCTION

Most plant and facility staff recognize “simple payback” as a
measure that describes the number of years it takes for an investment
to “pay for itself” through the annual savings or benefits that the in-
vestment creates. To calculate it, one merely divides the total cost of a
proposed investment by the annualized net savings (or benefits) that
the investment will provide.

One problem with payback is the conceptual “blinders” worn
by its users. By this, we mean the fact that managers will commit to
memory the payback that was calculated at a specific point in time
for a project proposal, for example: “That boiler upgrade is a five-year
payback.” Let’s say that result was true in 2002 when natural gas cost
$3.00 per MMBtu. That payback calculation was dramatically shorter in
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2006 when gas prices topped $8.00. Should we not change our evalua-
tion accordingly?

Similarly, interest rates vary every day. As a result, so do an
organization’s cost of capital and the profitability of its operations.
However, most organizations do not allow their payback criteria to
vary with interest rates. Why? Because payback measures time, not the
cost of money or the profitability of an investment. Although interest
rates change, production targets and budget amounts remain fixed in
an annual format. By providing a measure of years, simple payback fits
naturally with the priorities of a manager whose spending authority
and performance criteria remain fixed in an annual framework.

Is simple payback the right calculation for evaluating proposed
energy improvements? If not, what questions should be asked about
such investments, and how best should those questions be answered?

TOWARD AN ALTERNATIVE EVALUATION

Think about why we perform financial analyses in the first place.
Whenever a business invests in itself, it implies making a change. With
change comes risk. Before committing money to creating change, top
managers want to know the risk of losing their investment, or at least
the risk of failing to invest in more valuable alternatives.

Here’s how payback measures can frustrate energy management
efforts. The greater the investor’s concern with investment loss, the
shorter the payback time demanded. For example, a 12-month payback
is preferred to a 24-month payback, and a 6-month payback is preferred
to a 12-month payback. Now take this to its logical conclusion: a zero-
month payback would be best—because there’s no wait to get the
money back! The investor is assured of avoiding loss only by making no
investment at all. Payback, as a risk management tool, only indicates if
the investor should part with the money. It reduces investment analysis
to a “yes/no” decision. As a consequence, energy management becomes
a stop-and-go process. The company’s beleaguered energy manager has
to reset his or her agenda back to zero with each project rejection.

Energy improvements need to be evaluated by a different stan-
dard. Why? Because once a business commits to operations, it commits
to using energy. All organizations experience energy waste, and some
portion of that waste can be economically avoided. This portion is the
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energy at-risk. This concept presumes the following about energy-con-
suming business facilities:

*  Energy consumption can be divided into a proportion that is
purchased and used as intended (committed energy), versus the
proportion that is currently wasted.

e Energy waste that can be economically avoided is energy at-risk.

e The facility WILL PAY for energy at-risk, by either purchasing it, or
paying the cost to avoid it.

The energy at-risk concept is depicted in Figure 1.

When considering the implementation of a specific energy im-
provement, the business choice is simple, as shown in Figure 1: either
(A) continue buying the energy at-risk at the prevailing price, or (B)
implement an energy-reducing improvement when the cost to save
energy on a per-unit basis is less than the price to purchase it.

SAVE OR BUY?

Here’s what we want to do: develop a management tool for mak-
ing energy cost-control decisions. This tool needs to compare the finan-
cial merit of implementing energy improvements to simply continuing
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Figure 1. Energy At-risk.
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to buy and waste the portion of energy at-risk as described above.
Also, this tool needs to account for the organization’s cost of capital
and fit logically with the annual parameters that shape budget and
performance accountabilities. That tool is the save-or-buy calculation.

The save-or-buy calculation requires the annualization of all rel-
evant cash flows and investments, so that costs and benefits can be
correctly compared on an “apples to apples” basis. As discussed above,
most financial targets, measures, and budgets are already expressed on
an annual basis. The total costs of large assets that will be in service for
more than a year are typically financed over an equivalent number of
years. To express the value of these investments as an annual equivalent,
we use amortization—a calculation that organizes an investment’s capi-
tal and interest costs in a series of annual payments of fixed amount.”

The cost to save a unit of energy is calculated in two steps. First,
determine the total up-front cost to implement a specific energy-saving
initiative, and annualize that project cost as follows:

ANNUALIZED ~_ [ UP-FRONT | [ SAPAL
PROJECT COST ~ |PROJECT COST vets
i(1+i)r
CAPITAL RECOVERY FACTOR (CRF) = —————
[(1+i))-1

Where:
i = cost of capital or discount rate on future cash flows
n = economic life (years) of remedy (energy improvement project)

The second step is to distribute the annualized project cost over
the volume of first-year energy savings (in units such as kilowatt-hours,
therms, gallons of oil, etc.) that the project provides:

ANNUALIZED
PROJECT COST
COST TO SAVE  _
A UNIT OF ENERGY
UNITS OF
ENERGY SAVED

*To get really technical about it, investments should be amortized on a monthly basis. The
annual expense is then the sum of 12 monthly amortized values.
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Let’s be absolutely clear about this: use payback when the alter-
native to investment is to keep the money. This is not the situation
for an investment that reduces avoidable energy waste—because the
alternative to the investment is to continue buying the energy that will
be wasted! Proposed energy improvements should be evaluated by
comparing the annualized cost to save a unit of energy to the delivered price
per unit for buying that same unit of energy.

AN EXAMPLE

A manufacturing plant contemplates replacing its current boiler
and steam system. While it appears that the current system could con-
tinue functioning for the foreseeable future, its efficiency has nonethe-
less been compromised by age and neglect. The boiler consumes natural
gas (measured in therms). The relevant investment data are shown
below.

Up-front project cost...

Construction cost: $239,305
Engineering fees: $ 29,900

Total up-front project cost: $269,205

Investment criteria...

Current price per therm: $1.611 (as delivered)
Economic life of new boiler (n): 25 yrs

Discount rate/cost of capital (i): 8%

Capital recovery factor (CRF): 0937 = [i(1+i)*n]/[((1+i)*n)-1]

And savings results:

OLD NEW SAVINGS
Therms consumed/year: 390,780 298,998 91,782
Annual fuel cost: $629,547  $481,686  $147,861
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With these inputs, we get:

\
UP-FRONT CAPITAL
PRnggTA'éégg = | PROJECT | x| RECOVERY
cosT FACTOR
N
$25225 - [$269,205 X[ 0937 ]
J
ANNUALIZED
PROJECTCOST _  $25225
PERANNUAL = — o~ — $0.2748

THERM SAVINGS

In this example, the investor has two choices: continue to buy the
energy at-risk (91,782 therms) at the current price of $1.611 per therm,
or pay an annualized cost of $0.2748 per therm avoided as the result of
investing in the boiler replacement. The ratio of the price to buy ver-
sus the cost to save each unit of energy at-risk provides a cost-benefit
measure:

COST TO

SAVEATHERM _  $0.2748 _ 0.17
PRICE TO $1.611

BUY A THERM

Stated differently, this project would allow the investor to pay
$0.17 to avoid buying a dollar’s worth of energy.

Note that the annualized cost to save a unit of energy effectively
amortizes project costs, so that the annual budgeted value remains
constant over the economic life of the project. Amortized project costs
can be budgeted each year with certainty. In contrast, volatile energy
prices will make it a chore to budget for energy purchases.

CONCLUSION

An energy-consuming organization has one of two choices for the
at-risk portion of its energy consumption. They are:
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*  Buy it. The facility chooses not to make the energy improvement.
It will continue to buy more energy than it needs to accommodate
its waste. For whatever reason, the organization is not motivated to
change.

e  Save it. Alternatively, the facility can implement efficiencies that
allow the recapture of energy waste so that it can be re-applied to
useful purposes. By “recapture,” we mean anything that reduces the
loss of energy. Recaptured energy allows the facility to reduce its
energy purchases by a corresponding amount.

Simple payback does nothing more than suggest how long it
takes for an investment to pay for itself from the savings it provides.
It cannot indicate profitability, so it is useless as a tool for comparing
the financial performance of alternative investments. The most practical
use of simple payback is to measure the risk of making an investment
when the other alternative is to simply keep the money and not make
an investment. As this article explains, once a business decides to oper-
ate, it commits to using energy, so “keeping the money” is no longer
an alternative. It will either buy and waste the energy at-risk, or it will
pay to reduce that volume of consumption. The save-or-buy criterion
is the decision tool for making that choice.
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