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ABSTRACT 
 

Despite all of the vanishing glaciers and fears of oil output peaking, or water becoming 
scarce, the public at large, and certainly investors and governments alike, will continue to 
“default” to the fact that fossil fuels are the cheapest way to “feed” and grow the local economy 
and the world economy. Our reality, therefore, is the very human decision to “talk green but go 
for first cost.” It is a behavior that the “Sustainability Professional” will continue to be burdened 
with.  

As the energy business evolves, then, how best can the “Sustainability Professional” 
accomplish day-to-day goals while meeting daily corporate demands with limited budgets? In 
simple terms, economics are still economics and the bottom line remains the bottom line.  

This paper presents:  
 

1. a solid appreciation for “the numbers;” and  
2. a reasonable understanding (and simplification) of the Life Cycle Costing methods and 

resources.  
 

The paper will provide this information in a way that the “Sustainability Professional” 
can visualize and embrace (i.e. as opposed to shying away from). This information, 
complimented by staying current on the ever increasing price of maintenance and energy as well 
as the new “values” being assigned to waste, water, emissions, and “carbon.” Transportation and 
materials will provide the Sustainability Professional with a valuable basis for using economics 
to help (not hinder) his or her “green” projects. 
 
Introduction 
 

Carbon!?  Until only a few years ago the mention of carbon, greenhouse gasses, or “cap 
and trade” had rarely ever appeared in any energy report, analysis or recommendation; or in any 
corporate brochure or program.  Yet now, TODAY, the words greenhouse gas, “sustainability” 
and “green technology” appear on the front page of every paper. These or related words, are also 
found in the stimulus package, on Wall Street, and coming from the mouth of every politician 
(president, senator, governor, mayor, school board member).   And it’s often a part of the lead 
story on the evening news.   As a result, there is a rapidly evolving need for a Sustainability 
Professional who understand and deploys the concepts, the metrics, the standards, the 
technologies and, especially, the financial justification for  the corporate (or institutional) 
“green” program, sustainability plan and ultimately some “shovel ready” sustainability projects.   

It is for this reason that, after providing background and perspective, this paper will 
present a dynamic, life cycle cost model which will highlight variables and sensitivities 
associated with leveraging the “green” advantage.   Truly, now IS the time.  With billions of 
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dollars flowing to stimulating an economy that is green, there is no better time than now for 
energy efficient solutions to create the foundation for corporate investment1.  

Despite all of the vanishing glaciers, fears of oil price peaks, and water scarcity, the 
public at large, and certainly investors and government programs, will be tempted to “default” to 
the fact that fossil fuels are the fastest and cheapest way to “feed” and grow the local, national 
and the world economy.  An initial reality, therefore, is the very human decision to “talk green 
but go for first cost.”  It is a behavior that the “Sustainability Professional” will continue to be 
burdened with unless (s)he is armed with the financial acumen and tools to articulate and 
quantify the financial aspects of a green program or project.    In simple terms, economics are 
still economics and the bottom line remains the bottom line.      

To employ convention financial tools to move energy efficiency projects (and renewable 
projects) to the corporate bottom line requires an understanding of: 

 
1. the basics of “green” contrasted with conventional project financial tools 
2. the ambiguities of “green” projects 
3. qualitative and quantitative financial variables associated with green projects 
4. the current practice of decoupling of “green” from making money. 

 
Employing the above with a reasonable understanding of (and even simplification of ) 

Life Cycle costing methods and resources, will result in the ability to deliver the most effective 
energy efficiency projects in the least amount of time and with a credible financial argument. 

 
Financial Basics and Basics of Efficiency (and Green) Projects 
 

Few “green” technologies are simple.   In fact, because of their relative infancy and large 
capital requirements, most green technologies are not for the feint of heart.   At the same time, 
stimulus money, expanded utility incentives, carbon credits, green tags and white tags, can 
significantly affect project value; and can radically affect the life cycle costs of any EEP (energy 
efficiency project).   Therefore employing standard financial tools to energy efficiency projects 
(with their related incentives and other secondary benefits) can quickly move a green project to 
the front of the funding line. 

This paper is not meant to provide a primer on corporate financial tools and practices.   
However, Figure 1 is provided in order that the basic principles of Net Present Value, Internal 
Rate of Return, and Return on Investment may be revisited2.    It is these tools (and terms) that 
can and must be used to articulate and justify energy efficiency projects and green projects. 

Past practices for energy efficiency projects have relied on the basic concept of payback 
(capital cost divided by savings).   Generally speaking, a project with a payback of 3 years or less 
could be “sold” to financial decision makers and therefore constructed.   More recently, 
institutional and utility financial criteria have allowed paybacks as high as 10 years, or greater.   

                                                 
1 In sticking with the theme of this Conference:   timing IS everything.  Moving investment decision to Energy 
Efficient Solutions. 
2 The presenter will provide an active overview showing that Microsoft Excel now handles these calculations almost 
without effort.  Therefore once concepts are understood, analysis is easy. 

1-136 ©2009 ACEEE Summer Study on Energy Efficiency in Industry



Figure 1 
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Given the above payback criteria, a recent energy efficiency project3 that has been 
adopted at the highest corporate and institution levels defies historic financial practices.  As 
evidenced by Table 1, solar electric (PV) systems have been shown to payback4 in 20 years or 
more (not lower, but greater5 than 20 years).   Yet solar systems are embraced and promoted as 
key elements of many corporate “green” programs.   

Financial analysis of solar electric (PV) systems can be made using conventional tools.  
However, prior to a rigorous analysis, it’s important to identify a number ambiguities associated 
with “green” projects.     These will help pave the way for a credible and realistic analysis. 

 
Table 1 

 
 
The Ambiguities of Green 
 

Prior to observing a quantifiable financial example, it is important to consider green 
ambiguities.   There is a groundswell of desirability to be “green”:  green lifestyles, green 
corporations, green institutions, green collar jobs.   The basic ambiguity is that a “green image” 
can be achieved, even though there can be concurrent demands for energy or products that 
consume substantial natural resources, including but not limited to, energy.   For example, an 
organically grown cotton shirt may be worn by an individual or distributed by a “green 
corporate” program without recognizing that it may be costly to produce (i.e. relative to 

                                                 
3 Energy Efficiency Projects and Renewable Energy Projects are related relative to utility incentive programs and 
procedures. 
4 In the example shown, with actual costs from lowest bid received in February 2009, the payback is 39 years! 
5 Some tax advantages can bring PV below 20 year payback.    
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imbedded demands for water6, dyes and even transportation associated with project manufacture 
and transport to market.   

The ambiguity relates to the perception and/or image associated with “green” organic, vs. 
the reality of the true “carbon footprint7” (i.e. “footprint and/or expense associated with scarce 
water8, expensive shipping and potentially hazardous and expensive dyes).   Since affluent 
customers are willing to pay for “green”, this ambiguity is often disguised or ignored.     

Another ambiguity can be associated with “green” being placed in conflict with 
inconsistent desires or appetites. For example, many college students believe themselves to be 
very “green”.  However, those same students are equally insistent on appliances that create a 
“cake and eat it too” dilemma (see Figure 2).  Figure 2, indicates the new reality of student 
residence halls.   The “typical” dorm room (residence hall room) currently uses 15 or more 
electric appliances.   In comparison a dorm room in the 70’s or 80’s had only a hot plate or clock 
radio; (with perhaps a microwave oven being added in the 90’s).   In those days the standard 
dorm may have been designed for 5 to 10 amps per room.   Today’s dorm rooms require 20; or 
even 30 amps. 

Ambiguities also relate to technologies themselves.   Figure 3 indicates that automobiles 
powered by fuel cells, while “all the rage” just last year, are proving to be another generation 
away.   Figure 3 also indicates recent life cycle discoveries that the U.S. focus on ethanol may 
also have embedded costs which result in a financial burden, as opposed to a financial boom. 

A very interesting and quantifiable ambiguity comes in the form of the “free solar 
systems” which many institutions are installing under a financial instrument referred to as a 
power purchase agreement (PPA).   Although potentially attractive, the “small print” in the 
agreements can have a great impact on the true financial burden that the “free” PV system places 
on an otherwise financially strapped institution.   Figure 4 provides an example of how an 
aggressively negotiated PPA can result in true savings for an institution; vs. a poorly negotiated 
PPA; which can result in a significant long-term financial burden (unprofitability in the name of 
“green”).   In the case of Figure 4, a comparison is made using key variables9 which are standard 
to a PPA.   A summary table below (Table 2) provides the input variables and the specific net 
present value associated with each assumption.   As provided, the table indicates that in all cases 
the Board pays significantly MORE for energy over the life of the PV system (and this assume 
that the PV system really WILL have a 20 year life). 

 
Table 2 

Situation $/kwh $/kWh 
maintenance 

Escalation NPV (20yr) 
Power $$ 

Business as Usual 0.14 $0.00 4% $960,000 
PPA-1 0.15 $0.02 2% $980,000 
PPA-2 0.15 $0.02 5% $1,280,000 
PPA-3 0.15 $0.02 7% $1,530,000 
Note: if Board  negotiates REC ownership income potential increases by $100k+ 

                                                 
6 10,000 liters per shirt of water need to grow organic cotton required for one t-shirt.   Some organic shirts require 
intercontinental shipping.   Compare this to synthetic fibers made locally. 
7 Taking into account Scope 1, 2 and 3 considerations 
8 Not only is water getting more scarce, but there is significant pumping energy to deliver water, and significant 
energy associated with water-treatment-after-use associated with the manufacturing or dying of the shirts. 
9 These will be discussed in the presentation (i.e. as they appear in Table 2) 
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Quantifying Secondary Benefits for use in Financial Justification 
 

Given paybacks of 20 years or even greater, there is much to be learned from justification 
of the solar PV system.    Understanding these benefits, within the framework of a life cycle 
costing model, aides in developing financial justification for ANY energy efficiency, renewable 
energy, or “green” project.     Even though some of these benefits that are qualitative in nature, 
they can (and do) form a dominant part of a financial analysis.   This is because reasonable 
assumptions can be made to quantify benefits.    The following summary, therefore, provides 
qualitative and conventionally quantitative  benefits: 

 
1) Qualitative benefits: 

a. Image:  Although intangible, significant investment is made by corporate 
marketing departments and HR departments.   Because “green” is so fashionable 
and desirable, a solar system – with its high visual profile - can provide marketing 
and recruiting benefits which can be quantified.   Note that except for PV or wind 
systems, most other energy efficiency projects have a low profile (i.e. most 
laypeople can neither see, nor understand an EEP.  So, even though they hear to 
“make efficiency improvements first”, energy efficiency is just not fashionable ).  
This may be THE most significant reason why PV systems, with their verifiably 
long paybacks, are being justified.    

b. Behavior:   Although intangible in the past, recent studies are showing that the 
behavior within a corporation or institution can have a 5%+ impact on energy use.    
It is for this reason, that solar or wind systems, with their high profiles, or energy 
efficiency projects and LEED projects (when savings are converted to greenhouse 
gas reduction equivalent; or which result in better daylighting or a more pleasant 
indoor environment) can be responsible for significant quantifiable savings on the 
order of 5% of total usage.   Given a typical energy cost of $2.50 per square foot, 
a hypothetical 400,000 square foot facility could achieve savings on the order of  
5% ($50,000 per year). 

c. Productivity:   Behavior and productivity are related.   Many of the benefits of 
“green buildings” are that given better indoor air quality, daylighting, etc, there 
can be improvements in productivity.   Given an average office space of even 250 
sf per person, and an average salary of $50,000 per year, a productivity 
improvement of just 1%, if spread across the board, can have an impact on that 
same 400,000 sf building of over $1 per square foot (in this case, $500,000 per 
year). 

d. Embedded Costs (energy, water, transportation, emissions):    Many of the true 
costs (or benefits) of a project have not been exposed in a qualitative manner.    
An excellent example of embedded costs (or savings) is provided in footnote #6.  
These costs will become significant as mandatory carbon monitoring becomes 
law10.   

2) Qualitative financial benefits: 
a. Maintenance and “design life” considerations:  The most quantifiable 

secondary benefit (or in some cases, financial liability) is the maintenance 

                                                 
10 In March of 2009, the EPA proposed the first mandatory national greenhouse gas reporting program. 
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associated with “business as usual” vs. an energy efficiency project.   The 
simplest example is a lighting system.  Incandescent  lights must be replaced 
every 1000 hours (i.e. with associated labor to remove and replace as well as 
capital cost for the new bulbs);  fluorescent lights use less energy but also last 
4000 hours (1/4 of the labor).  Most recently LED lighting is replacing fluorescent 
due to even better efficiencies and longer life (as much as 50,000 hours before 
burnout.. 

b. Energy savings:   Of course, a well designed and thought out energy efficiency 
project results in energy savings.   Saving 100,000 kWh, for instance would result 
in recurring savings of rate x savings.   If the project is persistent, these savings 
accrue for the life of the project and avoid the escalated rate of the utility saved. 

c. Green tags, white tags, renewable energy credits, and carbon trading 
benefits11:   With any energy efficiency or renewable project, a new value is 
being given to energy saved (or generated) As of the date of issuance of this 
paper, the value of these greenhouse gas offsets (carbon trades) are based on a 
“voluntary cap and trade” or on utility “green tag12” payments.   For that reason, 
the equivalent value of – of a kilowatt hour of savings is approximately $0.002 
per kWh.  So, for instance, if an energy efficiency project saved 100,000 kwh.  
The energy costs savings (avoided cost) at $0.10/kWh would be 100,000 * $0.10 
= $10,000 per year.  But, even with the current voluntary cap and trade system, a 
value of carbon offsets could be taken as $0.002 * 100,000 = $200.   This may not 
sound like much.  But times are changing.  With mandatory cap-and-trade on the 
horizon, this value could easily be increased by a factor of 10.   In a life cycle cost 
analysis, for instance, showing a significant escalation for the “carbon credits”(i.e. 
because of the likely “mandatory cap and trade” program being considered by 
Congress and the Obama administration right now) can radically affect the net 
present value of the project. 

d. Utility Incentives:  Of course, with every bit of energy saved, there are utility 
incentives of as much as $0.25 per kWh and $1.00 per therm.    Although only 
first-year incentives they can greatly offset the initial (or incremental) cost of a 
project. 

e. Performance based energy incentives:    Many renewable systems incentives 
are now spread over time.  Instead of the conventional, one-time utility incentive 
in the form of a capital incentive per installed kilowatt, new programs are 
requiring performance and reward it over time. Table 3 provides a 5-year of  solar 
(PV) performance based incentives (for PV): 

 

                                                 
11 Refer to paper 125 of this conference for specifics.   
12 “Buy green” programs are sourced to renewable energy credits and are usually utility specific. 
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Table 3. 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
Note that, in the Table 3 example, the non-profit incentives, paid over 5 years for every 

kilowatt generated, are considerably more lucrative than the same incentives for the same PV 
installation for a private entity.  This approach has been taken13 in order to make up for the loss 
of tax advantages.  
 
The Sustainable Life Cycle Cost Model 
 

The point of the presentation, after laying the above groundwork, is to present a dynamic, 
life cycle cost model which will highlight variables and sensitivities14 associated with all of the 
above.    These are provided as Figures 5, 6 and 7 as follows: 

 
 Figure 5 indicates avoided costs associated with the solar system which was introduced in 

Table 1.   This Figure shows that, even though solar systems have long payback, many 
non-profits are using Bond money to both modernize campuses and to displace future 
recurring costs.  In this case, over $3million in Bond money was used to create avoided 
costs of as much as $200,000 per year for the life of the solar PV system. 

 Figure 6 provides a life cycle costing model indicating net present value and IRR of a 
conventional efficiency15 project.   This project showed a 25 year payback, but had 
substantial maintenance, reliability and life-cycle benefits.    These and the effect of 
conventional escalation, and “white tag” credits will be demonstrated in the presentation. 

 Figure 7 provides cumulative cash flow comparisons between business as usual, vs. 
funding of the efficiency project introduced in Figure 6.   Note that the true break point of 
the project is at just below 11 years. 

 

                                                 
13 California Solar Initiative 
14 The dynamic model is presented in the lecture.   Changes are made to the variables, with instantaneous updates of 
NPV. 
15 This project replaces mid-life “boxcar” air cooled chiller systems with a high efficiency central cooling plant. 

Advantage of as much as $0.12/kWh 
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Making a Profit and Being Green 
 

Particularly now that it is in fashion at the very highest corporate and political levels, 
“green” projects, even unprofitable ones, will be constructed.   It is unfortunate that because a 
“green” image can be bought, many corporations and institutions have decoupled the “green 
image” from profitability. 

  However, because of the many primary and secondary benefits associated with energy 
efficiency and renewable energy projects, conventional business tools can predict true 
profitability of an energy efficiency (or renewable) project.    Employing the concepts herein, our 
conventional financial tools can be used to differentiate between projects that provide only 
image, and projects that provide image AND profit.  
 

Figure 3 
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Figure 4 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5 
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Figure 6 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 
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