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ABSTRACT

Why do industrial firms require quick paybacks aremy efficiency measures? Real
options pricing models can shed light on this goestThe discounted cash flow (DCF) model
that energy analysts typically use to assess eneffigiency projects fails to consider the
dynamic setting in which firms operate. Requiringc§ paybacks may be an ad heay for
firms to consider the flexibility and timing considtions that are absent from the DCF
approach. In other words, maybe requiring quickbpaks on energy efficiency projects is
economically rational after all.

I ntroduction

As the title for this conference suggests, timisga key consideration in energy
efficiency investment decisions. Energy markets| anergy decisions, are dynamic. As market
conditions change, a good energy efficiency investntoday might turn out to be an even better
investment if we wait until next year to make étd, if technology costs drop substantially).
Alternatively, if energy costs decline significgntifter a potential energy efficiency project is
identified, we might later be glad we did not make investment. The DCF model typically
used to analyze potential energy efficiency invesits is a static model that is not well suited to
address the dynamic aspects of such decisions.

Consider the following series of events. An enar@nager conducts a DCF analysis on
various energy efficiency improvement projects aatlle to his or her firm. The firm’s
corporate finance chief agrees that the analyspsiti figures are correct, but decides that the
company will fund only those projects with a payattwo years or less.

Most energy efficiency experts suggest that, ag las capital is available, all energy
efficiency projects with a positive net presentuea(NPV) should be implemented. When firms
pass up efficiency projects with positive NPVs, sogfficiency experts suggest that such
behavior is economically irrational. However, tb@nclusion is inconsistent with the principles
taught in business schools.

In a dynamic setting, a positive DCF-based NPV Itesunot a sufficient basis to proceed
with a project. Consider the following quote fromlemding corporate finance text (Brealy,
Myers, & Allen 2006):

The fact that a project has a positive NPV doesnmedin that you should
go ahead todayt may be better to wait and see how the marketldpg
(Emphasis added.)



The DCF model makes the implicit assumption thatdétare only two possible decisions
regarding a potential energy efficiency projecthei we implement the project or we reject it. In
many real world applications, there are actuallse¢hpossible decisions: (1) implement the
project today; (2) reject the project today; andl 8fer the decision to a later date. To fully
evaluate these alternatives we must move beyotatia PCF-based analysis to one that models
dynamic decision processes. Options pricing modetomplish this objective. Options-based
models behave quite differently from DCF modelg] aften provide surprising insights as to the
investment decisions of industrial firms.

Shortcomings of the DCF Approach in a Dynamic World

The limitations of the standard DCF model in a dyitacapital budgeting process were
first identified in the 1970s by Stewart Myers, iaahcial economist at the Massachusetts
Institute of Technology (MIT). He noted that the B@nodel fares poorly in its ability to
estimate the economic value of projects if there lisgh degree of uncertainty and if the decision
to invest can be deferred to a later date (Mye@3p0Myers termed the firm’s ability to change
its decisions based on changes in future eventsa 6ption.” Options provide the holder with
theright, but not theobligation, to take a particular action at some future date.

Some corporate finance departments have moved frasaystandard DCF analysis and
have turned instead to options pricing models. Mioee risky the business, the more likely it is
that they will use options-based models in lieuratlitional DCF models. Consider the quote
from the Chief Financial Officer (CFO) of Merck &C(Nichols 1994):

Merck’s experience with R&D has given us a dataledseformation that allow
us to value risk or the volatility of our researphojects, a key piece of
information in options analysis. Therefore, if leugption theoryto analyze the
investment, | have a tool to examine uncertaiatyg to value it (Emphasis
added.)

The DCF model treats uncertainty as a curse. Opfioicing models view uncertainty as
a blessing. This point is highly counterintuitivget absolutely true. The option value of a
dynamic project increases when uncertainty incieg&@mmodaran 2003). That is because
options-based decisions vary depending on whetheertainty helps or hurts the firm. Put
another way, when we have options, we can not entprace uncertainty when it delivers
windfalls, but we can also cut our losses whenreltvdrs negative results. That is because an
option bestows a right and not an obligation orovser.

Options Pricing Concepts on the Home Front

Before we consider an industrial energy efficieeggmple, let us consider how options-
based thinking comes into play in our every dagdivFor example, even though you may
believe that you would benefit from the purchaseadiybrid-powered automobile today, you
might decide to defer the purchase decision uetit year due to the uncertainty associated with
hybrid vehicle prices. Such an approach could ben@wically rational. The possibility of



getting the vehicle at a substantially lower casttryear may be worth taking the risk that the
market prices move in the opposite direction.

Note that this approach does not assume we knowhvdiiection vehicles prices will go.

It assumes only that those prices are volatile. Whaecertainty is high, the option value of
waiting (deferring the decision) is high. On théethand, if future prices are fairly certain, the
option value of waiting is likely to be small.

Under our hybrid vehicle example, there could beeutainty associated not only with
future hybrid vehicle prices, but with other asgeot the purchase decision as well. Future
gasoline prices, which determine your avoided ¢axigld be noticeably lower or higher than
they are today. Furthermore, future prices of sulist vehicles, such as plug-in all-electric
vehicles, could be noticeably higher or lower tkizey are today.

All of these uncertainties could lead to a veryeti#nt benefit-cost ratio one year from
now. The key is not merely that there is uncenjaidt is thatwe can change the decision
depending on how the uncertainty plays. dttybrid vehicle prices decline substantiallgy f
example, and if we buy next year, as long as dttors remain about the same, we then get a
much better deal on the vehicle. On the other himdig-in vehicles drop in price while hybrid
prices increase, we can walk away from the hybetlicle and purchase the plug-in. If we
purchase the hybrid vehicle today, we cannot glayuincertainty game to our benefit. For better
or worse, we are stuck with our original decision.

In simple terms, when the future is fairly certaina project or purchase produces net
economic benefits today, it generally pays to aet.nf the future is highly uncertain, however,
the rational economic choice for such an investrseaften to wait.

An Industrial Example

Pursuing a similar line of reasoning in the contxan industrial manufacturing facility,
we analyze a natural gas efficiency measure witmgyear life. The upfront cost is $1,000. The
vendor is willing to guarantee a level of energyiisgs of 25 therms and lock in those savings at
current natural gas prices ($6.00 per MMBtu), whignslates into energy cost savings of $150
per year.

If the firm rejects the offer this year, it expettsbe able to accept it next year under
revised conditions, assuming those conditions ax@rBble. It can also reject the offer if
conditions deteriorate. While this flexibility haslue, it comes at the price of increased risk.
Conversely, if the firm accepts the offer now,apresents a risk-free deal for the customer. We
obtain a NPV of $158 for this project. Since the&xeno risk, it is as if we have offered the
customer $158 for free. Why would anyone turn dolwe deal?

Answering this question requires that we considgt n its proper context. Finance
principles suggest that there is nothing inhereb#igl about taking on risk, although the concept
has a bad connotation outside of finance. As Mer¢&O mentions, firms make money by
taking on risk, not by avoiding it. She suggestt tthe route to success is to pabremoney at
risk, not less” (Nichols 1994). That is not to ghgt firms and individuals should take on risk
without regard for the consequences, as occurretthanrecent sub-prime crisis. Proper risk
management is about taking on calculated riskshthet a better-than-average chance of paying
off in terms of increased returns, and that in meases have limited downside potential.

In this context, a firm might turn down a risk-frpeoject if it faced capital restrictions
and if more attractive projects were available,neifethose other projects involved taking on



risk. If capital is scarce, the firm might prefer finance projects with shorter paybacks. Note
that the payback for the project described in ¢éixismple is fairly long:

$1,000

ayback=
pay $150/ yr

= 6.7years

Many firms require project paybacks be two to thyears, or less. In some cases this
requirement is due to capital restrictions. Howeeapital constraints are not the only factor that
can drive firms to short paybacks.

What if the firm had ample idle capital? Shoulchdgcept the deal? If we apply DCF-
based thinking, the answer is yes. Using optiorsethathinking, however, provides a more
complex and somewhat counterintuitive answer. & filiture is quite certain, then we should
accept the offer today. On the other hand, if thare is highly uncertain, we might want to wait
until next year and reconsider the deal at thattpdlote that by deferring, we would not merely
be putting off themplementatiorfor one year. We would be putting off tkdecisionfor one
year. If we defer the decision, we can either acoepeject the offer based future conditions. So
by deferring, we pass up the sure-thing investnrenbhe hopes of realizing something better,
while recognizing that the worst we can do is tesmne year of savings from the sure-thing
investment.

Simulation of a Deferred Decision

To analyze the option value of deferring the decisive begin with the assumption that
there is no uncertainty. It makes intuitive seris® tinder this condition, deferring the decision
provides no net benefit. When there is no unceastathe NPV associated with pushing off the
decision for a positive-NPV project by one yearlalivays be lower than the NPV associated
with implementing the project today. If we comnatthe project today the NPV is $158. When
there is no uncertainty, deferring the decisioruoed the NPV to about $150. No other analysis
is necessary or appropriate here. Under this donditf capital is available, the firm should
accept the offer.

The situation changes when we introduce uncertalrgy us assume that if we wait a
year, the current $1,000 equipment cost could ramgavhere from $900 to $1,100. We also
assume that volatile natural gas prices could ramysvhere from $4.00 to $8.00 per MMBtu.
While that is quite a wide span of prices, Figurshbws that such a range is consistent with
conditions experienced in recent times.



Figure 1. Average Price of Natural Gas at the Wellhead (US), 2003-2008
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Source: U.S. Department of Energy, Energy InforamaAdministration (2009)

If we simply used the uncertainty ranges to condedaisitivity analysis, we could still be
working within the standard DCF construct. ThougBMbased sensitivity analysis helps us to
decide whether or not to accept the offer todayhase to use another approach if we want to
see how uncertainty migbhangethe decision if we wait a year.

There are three basic approaches that can be asaddel contingency-based decision
making: (1) partial differential equationse(, the Black-Scholes options pricing model); (2)
binomial lattice structuresi.¢., decision trees); and (3) simulation. The firsbick requires
complex mathematical calculations that are not-seiled to provide a clear explanation for a
broad audience. While the second approach is tre tramsparent, presenting such an analysis
here would exceed the space limitations of thisepapor these reasons, we use a simulation
approach to demonstrate the concept.

If we defer a decision to the future, we cannotvkneith certainty today what that
decision will be. This presents an analytic chajirbut it is not a new one. Those conversant
with dynamic programming will be on familiar turf this respect. One year from today, if the
NPV is positive, we will commit to the project. tfie NPV is zero or negative, we will not.
Whether the NPV is positive, negative, or zero dejgseon how uncertainty plays out over the
coming year. To conduct the analysis, thereforemust work backward in time from the future
to the present, which is the construct used in dya@rogramming.

We conducted 1,000 simulations, allowing the eg@phtost and natural gas price to
vary within the ranges identified aboVewe applied dynamic decision-making within the
simulation. We also considered timing differencesnergy savings—if we defer the decision by
one year, we push the energy savings stream omdngeahe future, thereby missing the first
year’s savings.

For analytical clarity, we used a simplified sintida approach. As modeled for the
purposes of this analysis, the alternatives amevest now or wait a year to decide. At that point

1 A proper Monte Carlo simulation would involve riolhs of runs with carefully selected probabilitgaiibutions.
However, our analysis is meant to present the adegtions-based decision making and does not reguich an
extensive simulation approach.



we will make a final decision—either accept thejgcobor reject it permanently. In reality, we
could continue to treat the project in a dynamighfan. That is, we could build an elaborate
decision model that allows us to apply the optibased approach over a multi-year span.
However, our purpose here is to present a conoeptio develop a full-scale options pricing
model. Using this simplified analytical structuree assume that one year hence, we will reject
any offer that has an NPV of zero or less. If tH&Ws positive one year hence, we will accept
the offer. We then calculated the NPVs based onsimeilated results. The average NPV for
accepting the deal today (entitled “invest now”ddor the deferred decision (entitled “wait”)
are shown in Figure 2.

Figure 2. Average NPV Results Based on Simulations
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The optimal decision is to defer the decision, etverugh the project has a positive NPV
today. The higher NPV associated with waiting aryaaggests that we will be better off by
deferring the decision.

But how can that be? We have a positive-NPV prdjeday. We are merely putting off
the decision one year. The uncertainty is symmetniaking it just as likely that the situation
would deteriorate as it would improve. Yet, the NRgult is noticeably better if we wait. The
key is that we treat downside news in a differexghfon than we treat upside news, thereby
making risk work in our favor instead of against With the passive traditional DCF approach
the only decision isvhetherwe commit to the invest today, and not whether vighinmake a
differentdecision in one year than we would today. Figush®@ws the NPV values for the 1,000
simulations of the situation one year from today.



Figure 3. Distribution of NPV Based on Waiting One Y ear

40

Average NPV = $147
35

30 1

N
a

No. of Observations
& 3

.
o

@

a1 e

S S S P PSS 0O PSS SO S SS S S
E S - S 2 SN P TR PSP S SO

NPV

This result is essentially a sensitivity analysist an options-based analysis. As we
suggested previously, the average NPV of waitidgt{$ is a bit less than the NPV of accepting
the offer today ($158). If we apply DCF-type thingj all we would do by waiting a year is give
up the sure thing in favor of taking on considegaidk. This is a losing proposition, on average.

Now let us apply options thinking to these dataedqtiipment prices decline and natural
gas prices go up, we likely will be better off vilagt a year to enter the deal (examine the upper-
end of the distribution). Note that if equipmenicps increase and if natural gas prices go down,
however, we would be worse off, butdt to the extent suggested by the prior distriduti

As Myers noted, a standard DCF-based sensitiviglyais assumes that managers are
automatons, which they are not. Even though the NR¥ year hence might be negative under
these conditions, no one can force the managewest in a project with a negative NPV. He or
she simply walks away from the project under thoseditions, thereby resulting in a dynamic
NPV of $0 for all such negative outcomes. If weastche distribution in this dynamic context,
the revised histogram looks markedly different.sTapproach changes not only the shape of the
distribution, but its average result, as well. Undgnamic decision making, the average NPV
associated with waiting is much higher than itfisve invest in the project today. Figure 4
presents the distribution under an options-basedoagh.



Figure 4. Options-Based Distribution of NPV Based on Waiting One 'Y ear
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The decision is thus truly dynamic. If uncertaimtgrks in our favor over the coming
year, we capture the gain (agree to the dealndértainty works against us, we walk away from
the project.This is how businesses make money—they positiorséees so that risk works in
their favor! This is precisely how Merck uses options pricindgpémefit from risk.

Next, we evaluate how results change when uncéytasnreduced. Let us say that
equipment prices next year will likely range betweéd®75 and $1,025, and natural gas prices
will likely fluctuate between $5.50 and $6.50 perMBtu. Figures 5 and 6 present the
distributions under these parameters.

Figureb. Distribution of NPV Based on Waiting One Year, L ow Uncertainty
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Note that the distribution of future NPV resultamsich tighter under the low uncertainty
scenario. Note also that the average NPV is theesamer each scenario. The most interesting
observation is that there are no negative NPV tedol the low-uncertainty scenario. This
means that there is not likely much option valusoamted with waiting. It is by taking on the
upside risk and dynamically avoiding those negaliV/s that the firm makes money. As we
noted above, when option value exists, the ovelisttibution does not reflect the economics of
the project. It is the upside that we care abohis €oncept is illustrated in the following chart.

Figure 6. Options-Based Distribution of NPV Based on Waiting One Y ear,
L ow Uncertainty
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When uncertainty is low, so is the option valuewditing. Under such conditions it
would be better to implement the project today.t@mother hand, when uncertainty is high, the
potential gains are huge and the downside is laniteve wait to make the decision. The greater
the uncertainty, the longer the upper tail of tigribution and the higher the average NPV.

Uncertainty and Energy Efficiency

If uncertainty increases, the value of waiting take energy efficiency investments
increases. That is, the more uncertain the wortbimes, the less energy efficiency we should
see today because waiting for uncertainty to wiskniay through the market is on average a
winning proposition for industrial firms.

One must be careful not to confuse energy pleselswith energy priceuncertainty
Higher price levels increase the demand for eneeffjciency investments. Increased
uncertainty, on the other hand, reduces the derfmrtiose investments. If uncertainty is high,
rational managers should defer some energy effigienvestments even though they have a
positive DCF-based NPV. The higher the uncertaithtgy, more projects should be deferred. Put
another way, using the NPV estimate from a DCFymmalof energy efficiency investments
overstates the amount of cost-effective investnibat should be taking place today. When



uncertainty is high, the value of waiting to investa later date can dwarf the DCF-based NPV
results.

I mplementing Real Options Thinking in Capital Budgeting

Many firms apply the real options concept, evethdy do not estimate real option value
directly. While firms such as Merck employ optigmscing models, due to the complex nature
of these models many firms apply options pricocanceptsinstead. Other firms are led by
intuition to behave in a manner consistent withiast pricing principles, even if they are not
familiar with the formal concept.

An imperfect, but pragmatic way of employing thalreptions concept is to implement
only those projects with short paybacks. The firmplements the most cost-effective
investments and waits to see what happens to thex pbtential projects with positive DCF-
based NPVs. It commits to those projects in therkibnly when uncertainty works in the firm’s
favor (.e., when the paybacks for those projects are drigeatteptable levels).

Our recent analysis of achievable energy efficigpatential for a Midwest state suggests
that 90 percent of the cost-effective measuresetbas DCF analysis) have associated paybacks
of 6.2 years or less. Options pricing analysis sstgthat in today’s uncertain energy markets, it
is likely that many of those longer-payback praggeshould probably be deferred rather than
implemented today. In other words, using optionsebathinking, the upper limit on paybacks
should be significantly less than six years.

Empirical data from industrial energy efficiencyograms supports this contention.
Analysis of the U.S. Department of Energy’'s IndiastAssessment Centers (IAC) Database,
which lists data on tens of thousands of actuatggnefficiency measures implemented over the
past 25 years or so, shows that 90 percent of Al recommendations that firms actually
implemented have paybacks of 2.3 years or less dtild be due in part to capital rationing
within firms, but also could be the result of dynamptions-based thinking. Under the options-
based approach the question is not amhethera measure might be implemented, tenit
might be.

A capital budgeting protocol that invests only mjpcts with short paybacks therefore
may implicitly reflect sound capital budgeting piee as suggested by finance theory, even if
capital is freely available. This approach is eshclikely when uncertainty is great because
under such conditions, the option value of deferthre decision is at its maximum.

IsUncertainty Ever Resolved?

This analysis begs a fundamental question. Whahdertainty is never resolved? This
can create a situation referred to as hystere$ighws a form of inertia. Under such conditions,
the firm never makes the energy efficiency investmé keeps waiting for uncertainty to be
resolved.

While some areas of uncertainty may never be resgoluncertainty clearly decreases in
other areas. For example, when innovative new tolgres are introduced, future costs can be
difficult to predict. Over time, however, such cosiecome more predictable as the technology
transitions from emerging to established. As a ¢ageoint, it seems likely that LED lighting
costs will be more stable in five years than theytaday. As long as the uncertainty associated



with some of the aspects affecting the cost-effeciess of an energy efficiency investment are
resolved over time, the real options approach eanseful.

Conclusion

The purpose of this paper is to shed some lightvoy industrial firms behave the way
they do in making energy efficiency investment dieeis. We know that such firms typically
require short paybacks. This paper shows that i beeconomically rational to defer some
energy efficiency investments, even if the projéase positive NPVs today. When uncertainty
is high, the option value of waiting is high. Antmms-based approach helps to explain why
industrial firms invest in only the most cost-etige projects, while taking a wait-and-see
approach with others.

Understanding how uncertainty affects industriadisien-making processes is essential
from a policy perspective, as well as from an epafficiency program design perspective. At
the policy level, historical results have showntthaconsistent, long-term commitment to
funding energy efficiency initiatives is criticalljnportant. Regulatory uncertainty can also lead
to deferred investments. A recent survey of enengpagement decision-makers conducted by
Johnson Controls suggests that present uncertalmyt future climate change legislation is

likely contributing to decisions to defer potenti@hergy efficiency investments until that
uncertainty is resolved (Johnson Controls 2009).
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The fact that a project has a positive NPV does
not mean that you should go ahead today. It
may be better to wait and see how the market
develops.

Brealey, Myers, and Allen, Principles of Corporate Finance.
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The traditional discounted cash flow model: the
higher the risk, the lower the value of the asset.

Options pricing models: the higher the risk, the
higher the value of the asset.
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Sensitivity analysis of a DCF result
is not options-based analysis.

Options are asymmetric and dynamic.
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If you apply options-based thinking,
risk is not costly—it adds value

Merck’s experience with R&D has given us a
database of information that allow us to value risk or
the volatility of our research projects, a key piece of
information in options analysis. Therefore, if | use
option theory to analyze the investment, | have a tool
to examine uncertainty and to value it.

Nichols. 1994. “Scientific Management at Merck.” Harvard
Business Review (Jan.-Feb).
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In most corporate settings, managers think
strategically. The DCF model assumes a
more-passive style.
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Examples of
Options-Based Thinking
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An option provides the
right, but not the
obligation, to take a
particular action in the
future if conditions are
favorable.
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When are options most valuable?

= When uncertainty is high
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Prospective buyers at Northside Piers tower are
essentially able to try out certain one- to three-
bedroom apartments. If they like what they see,
they can purchase them later on. Or, once the
lease is up, they can simply walk away.

Vivian Marino, “Rent Now, Buy Later,” The New York Times,
December 5, 2008.
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Real Options in Energy Efficiency Decision
Making: The Option to Wait
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Energy efficiency has never been more
important to businesses, but economic and
regulatory uncertainty is delaying investments,
according to new research commissioned by
Johnson Controls.

Sustainable Business News, “Regulatory, Economic Uncertainty
Blocking Efficiency Investments - Survey,” May 12, 2009.
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Upfront investment = $1,000
Present value of savings = $1,158

NPV = $158
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Figure 3. Distribution of NPV Based on Waiting One Year
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Figure 4. Options-Based Distribution of NPV Based on Waiting One Year
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Figure 2. Average NPV Results Based on Simulations
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Figure 5. Distribution of NPV Based on Waiting One Year, Low Uncertainty
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Figure 6. Options-Based Distribution of NPV Based on Waiting One Year,
Low Uncertainty
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What if uncertainty is never resolved? This can
create a situation referred to as hysteresis, which is
a form of inertia. Under such conditions, the firm
never makes the energy efficiency investment. It
keeps waiting for uncertainty to be resolved.

@!ﬂﬁ&ﬁ!ﬁ““"“ SEEK LEARN ACT WWW.ecw.org

Why does offering low-cost financing
often fail to spur energy efficiency investment?

Because the real problem may not be capital
rationing—it may be that the option value of
deferring the investment is so great.
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What is one way that policy makers can
encourage industrial firms to make energy
efficiency investments?

Implement policies that reduce uncertainty.
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