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ABSTRACT 

Energy efficiency project investments and financing are 

approved based on economics, not energy savings. 

However, the consideration and modeling of economic 

factors typically receives a disproportionately small 

allotment of the energy analysis time budget. This 

analysis paradigm often fails to adequately address the 

concerns that matter most to investors, leading decision-

makers to avoid energy efficiency projects regardless of 

the opportunity available. 

This paper presents an alternative, investor-centric 

approach specifically geared towards catalyzing the 

broad-scale adoption of currently-viable, easily-

customizable energy conservation measures (ECMs) in 

portfolios of like buildings (e.g. large office buildings). 

This approach can be adopted by energy modelers to 

significantly increase the adoption rate of the ECMs they 

propose. 

INTRODUCTION: ADDRESSING A 

MARKET FAILURE 

The analysis methodology outlined in this paper is part 

of Commercial Energy Plus (CE+), a new initiative at 

Rocky Mountain Institute (RMI) that was recently 

profiled by Harvard Business Review. Contrary to 

RMI’s traditional focus on maximizing the efficiency of 

buildings through a deep retrofit, this initiative’s goal is 

to catalyze broad-scale adoption of energy efficiency 

across the commercial building sector. We must 

recognize that both strategies are necessary to capture the 

largely-untapped $1 trillion nationwide value of 

efficiency (Rockefeller 2012). This is especially true of 

the nation’s existing large office buildings, of which over 

75% are expected to remain in 2030 (Campbell et al. 

2016). 

The CE+ initiative aims to address a number of existing 

barriers that currently contribute to an investor bias 

against energy efficiency projects. The presence of this 

bias is apparent in recent industry surveys, which suggest 

that the average facility manager requires an ROI of over 

25% to green-light an energy efficiency project (Supple 

et al. 2010), more than double the return an investor can 

expect in the S&P 500. This bias against energy 

efficiency projects may seem perplexing, until one 

compares that project delivery process against a 

traditional stock purchase, where a single call to an 

investment advisor can evaluate the investment’s risk 

and initiate a purchase to be completed near-

instantaneously. Energy efficiency projects are 

comparatively much more difficult to evaluate, 

implement, and manage. Addressing these factors is 

paramount to increasing project adoption rates. 

In order to ensure broad-scale adoption, CE+ analysis is 

focused on pre-engineered ECMs capable of achieving a 

sub-four-year payback across the majority of a large 

building portfolio. The platform also prioritizes easy-to-

implement, easy-to-manage, and low-risk ECMs. This 

focus places the onus on the CE+ team to select easily-

customized ECMs applicable to the majority of a 

building sector (e.g. large office buildings) and to 

perform a rigorous analysis of those ECMs prior to 

engaging with a building owner. This upfront analysis 

must be accurate enough to provide building owners with 

compelling evidence of project potential before 

incurring any costs. 

Portfolio-level uncertainty analysis and sensitivity 

analysis of life-cycle costs are at the core of the CE+ 

methodology. Although many energy studies already 

include life cycle cost analysis (LCCA), and uncertainty 

analysis and sensitivity analysis are becoming more 

common in the energy modeling industry, the CE+ 

process front-loads the time and effort dedicated to these 

practices. This work, performed prior to engaging with a 

building owner and honed by a focus on broadly-

applicable ECMs, can drastically increase project 

initiation rates by providing decision-makers with the 

information they need to feel confident moving forward 

with the project. 

In other words, this approach analyzes and optimizes 

measures (rather than buildings) in order to spur the 

adoption of these measures in the large segment of the 

building stock where they are already viable. 

ANALYSIS METHODOLOGY AND KEY 

INSIGHTS 

The analysis approach outlined in this paper uses an 

Excel-based life cycle cost analysis (LCCA) tool to 

calculate a project's discounted payback period. The 
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approach differs from current approaches by combining 

the following attributes: 

 Energy conservation measures are pre-

engineered and evaluated at a portfolio level.

 LCCA is used early on and is the core of the

analysis.

 Stochastic modeling is used to capture

variability due to imperfect or incomplete

information, as well as the inherent variability

within the building portfolio.

 Sensitivity analysis is used to identify critical

variables.

 A single tool is used throughout development,

from portfolio screening to ECM scoping.

The first phase of the CE+ initiative is focused on large 

commercial office buildings (greater than 250,000 ft2) in 

Chicago, Illinois. 

Pre-engineered ECMs evaluated at the portfolio 

level 

An initial brainstorm of potential ECMs was filtered 

based on evaluation criteria including a sub-four-year 

payback period, broad applicability within the portfolio, 

and no dependency on equipment end of life or other 

retrofit triggers1. For instance, retrofitting lighting to 

LED and replacing pneumatic thermostats with wireless 

pneumatic thermostats were included on the list, but 

replacing the chiller or the building's glazing were not.   

Each ECM was then evaluated at a portfolio-level prior 

to engaging with building owners. Both the portfolio-

level analysis and pre-engineering are enabled through 

stochastic modeling and sensitivity analysis, which are 

addressed in more detail below.  

Pre-engineering and portfolio-level analysis both 

differentiate the CE+ business model from other 

common approaches, because they fundamentally 

change the conversation during initial engagements with 

a portfolio owner. The analysis provides clarity around 

what investments are being recommended, what key 

attributes will make a building an appealing candidate, 

and what probability of success is associated with the 

investment. All of this information can be provided prior 

to asking an owner to commit to an investment, without 

being granted access to the buildings in question. 

LCCA - the core of the analysis 

The variables included in the LCCA cover a broad range 

of project factors to best capture the true value of the 

1 For instance, upgrading to a more efficient chiller may 

meet the payback criteria if the existing chiller has 

reached end-of-life and the upgrade can be made using 

investment. Depending on the project, this can include 

variables such as the 179D tax credit, nuanced labor 

rates, financing costs, and profit and overhead margins. 

The U.S. Department of Energy’s Pre-1980 Large Office 

EnergyPlus reference model was used with Chicago 

O’Hare TMY2 weather data to provide the level of 

sophistication required to properly evaluate energy 

consumption and demand reduction- spreadsheet models 

are generally incapable of adequately capturing the 

interactive effects between ECMs, hourly load 

variations, part load efficiencies, and other energy 

nuances. Energy model outputs were used as LCCA 

inputs along with all other economic variables. Due to 

the nature of the analysis, custom individual building 

models were not created. Instead, probability profiles 

informed by testing the EnergyPlus reference model are 

used to capture uncertainty for given variables. 

During early analysis phases, each ECM was evaluated 

with as broad of a set of variables as possible to fully 

characterize the economics of a project. For most 

measures, 100-200 variables were included in this 

preliminary analysis phase. Similar to building design 

phases, this broad-but-shallow preliminary analysis was 

iterated upon with incrementally deeper research into 

key variables identified through sensitivity analysis. The 

analysis is structured so that portfolio-level evaluations 

can also be quickly refined for a specific building.  

This is considerably different from a conventional 

project delivery approach, where a site walkthrough 

generally occurs before ECM selection and measure 

specifications are progressively developed as the 

building systems are better understood (through audits, 

modeling, etc.). The conceptual difference between these 

two methods is conveyed in Figure 1. 

Figure 1 Conceptual differentiation of the CE+ process 

incremental cost, but this approach is not scalable to a 

large number of buildings at any given time. 
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Uncertainty analysis 

Monte Carlo simulation was used to better characterize 

the economic risk of each ECM to the investor. For a 

given ECM, a profile was defined for each LCCA 

variable. Profiles include normal, uniform, and custom-

built distributions, and can represent one of two things: 

1. Aleatory uncertainty in portfolio-level inputs:

LCCA variable profiles are initially developed

for whole building portfolios and sectors, and

thus must capture the variety of situations

encountered in those buildings. For instance, a

portfolio of buildings may have a range of

chilled water system types (e.g. electric

centrifugal chillers, district chilled water, or a

natural gas absorption chiller) and related

efficiencies. LCCA variable profiles allow the

analysis to capture this portfolio-level

variability, as illustrated in Figure 2. In this

example the low COPs capture the small

percentage of buildings using absorption

chillers, the high probability of a COP of 1.0

reflects the high percentage of Chicago-area

buildings utilizing a district chilled water

system, and the higher COPs are associated

with different electric chiller types, such as

centrifugal2. Additional examples of variables

with portfolio variability include building area,

existing lighting type, lighting power density,

operating hours, and lease structure.

2. Epistemic uncertainty: Following the previous

example, an existing chilled water system’s

coefficient of performance (COP) is dependent

on chiller efficiency, sequences of operation,

maintenance, and many other factors. The

system efficiency can be estimated using

standards (such as ASHRAE 90.1) or

nameplate data, but it is impossible to know the

exact COP of a real-world chilled water system

without thorough on-site research. Since this

analysis occurs before visiting (or even

identifying) a given building, the profile must

capture this uncertainty. Even after a site visit,

a certain level of uncertainty will remain, as

illustrated in Figure 3. Inherent uncertainty

affects a variety of LCCA variables, including

equipment life, heating system efficiency, and

installation time.

2 Note that the analysis also considers that the fuel 

streams associated with these difference systems 

Figure 2: Preliminary chilled water system COP 

portfolio distribution for large Chicago office buildings 

Figure 3: Chilled water system COP distribution for an 

identified building with a district chilled water loop 

The result of the Monte Carlo simulation is a probability 

distribution of project net-present cost, which provides 

an estimate on the likely success of a given ECM 

throughout a given portfolio. Figure 4 illustrates the 

results for retrofitting 2x4 fluorescent troffer fixtures 

with LEDs. The particular LED retrofit scheme 

considered showed that 52% of projects within the 

Chicago large office building stock are capable of 

achieving a four-year discounted payback. 

Figure 4 Four-year net present cost (NPC) histogram 

for a sample LED lighting retrofit in Chicago, IL 

(electricity, natural gas, and district chilled water) also 

have different costs. 
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Sensitivity analysis 

Sensitivity analysis was performed after all LCCA 

variable profiles were developed for a given ECM. Inter-

dependent variables were identified and relationships 

created as necessary. High and low values were then 

defined for variables and variable groups. For instance, 

the efficacy of existing troffer lighting fixtures was 

estimated to vary between 26 and 80 lumens per watt3. 

These high and low values were used to test the 

sensitivity of the overall project results by varying the 

fixture efficacy variable while keeping all other variable 

profiles constant. For this example, the existing 

condition lighting fixture efficacy was found to be 

capable of shifting the probability of achieving a four-

year discounted payback between 34% and 59% 

(compared to a 52% probability when using the 

variable’s complete profile). The full effect of 

manipulating this variable is illustrated in Figure 5. 

Figure 5 Fragility curves for different existing fixture 

efficacy conditions 

The process of defining a best- and worst-case scenario 

and testing the corresponding project economics was 

repeated for each variable, and the results were used to 

prioritize variables according to their impact on project 

economics. Figure 6 is a tornado chart illustrating the 

most sensitive variables for the LED retrofit analysis 

detailed in this section.  

3 This range captures the best- and worst-case scenario 

for fixture efficacy. The vast majority of occurrences 

within the profile fall between 40 and 70 lumens/Watt. 

Figure 6 Sampling of LED retrofit tornado chart for 

identifying sensitive variables 

These sensitivity analysis results can be used in a variety 

of ways. First, the analysis allows the LCCA to be 

approached iteratively. Instead of spending the entire 

project’s time allotment on a detailed but once-through 

analysis, each variable is roughly defined during the first 

iteration and then sensitivity analysis is used to target 

high sensitivity variables requiring additional research. 

This is particularly important for the CE+ analysis 

approach, since each variable is defined with an 

uncertainty distribution. Defining every profile at the 

level of accuracy required for investment would be time- 

and cost-prohibitive. 

By including both energy-related and non-energy 

variables, the sensitivity analysis also highlights 

variables that can otherwise be hidden or considered too 

late in the decision-making process. For example, the 

first iteration of the LED analysis detailed here identified 

capture of the 179D federal tax deduction as critical to 

achieving the targeted four-year payback in an 

acceptable percentage of the portfolio. This highlighted 

the need to better characterize the 179D deduction, and 

shifted the focus of the analysis to answer new questions, 

such as: 

 Who in the project will have the tax capacity to

take advantage of the deduction?

 Will enough tenants participate in the retrofit to

reduce the building’s lighting power density

enough to capture the deduction?

 What is the likelihood of Congress extending

the 179D deduction?
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In this initial pass of the sensitivity analysis, the results 

highlighted that answering these questions was more 

important to the overall project outcome than other more 

traditional lighting analysis variables, such as the fixture 

efficacy of the LED fixture to be installed and the 

utilization factor of the existing lighting system. 

The sensitivity analysis can also identify variables that 

need to be manipulated for the business model to work. 

In the LED example, the sensitivity of labor first costs 

emphasizes the need for the project team to identify a 

solution that minimizes installation time. Through 

market research it was determined that an LED retrofit 

kit4 was preferable relative to LED tubes or a full LED 

fixture installation for the given scenario. This is because 

the retrofit kit retains the majority of the benefits 

associated with a full fixture retrofit (such as high 

efficacy, improved light distribution, and increased 

control) while still reducing installation time, which is 

the key benefit of the LED tubes. 

After project initiation, sensitive building attributes can 

also be used to identify viable buildings or prioritize 

buildings within a portfolio. This is a significant 

departure from today’s conventional approaches to 

portfolio-level energy analysis, where in many cases 

portfolios are prioritized using building energy use 

intensity (EUI). In more advanced cases, a regression 

analysis of the energy bills is used to parse out heating 

and cooling energy from base loads, allowing for slightly 

more nuanced prioritization. The ECM LCCA approach, 

however, shifts the focus from whole-building energy to 

high-sensitivity variables impacting a pre-engineered 

ECM. In the case of the prescribed LED retrofit, 

sensitivity analysis revealed the lamp type and efficacy 

of existing fixtures as ideal metrics for building 

prioritization. 

The sensitivity analysis can also be used to revisit the 

probability of success for a targeted subset of the 

portfolio. Figure 7 illustrates this for the LED analysis5. 

By focusing on a favorable subset of buildings, two 

things happen: First, the probability of success improves, 

which is illustrated by the red line’s peak shifting to the 

left as compared to the blue line. Second, the uncertainty 

of the analysis is reduced because the narrowing of the 

portfolio reduces the uncertainty in the related variable 

probability profiles. This is illustrated by the red line’s 

taller and narrower peak. 

Finally, sensitivity analysis can streamline the onsite 

data collection process once individual buildings are 

identified as retrofit candidates. By calculating the 

4 Examples: Lithonia VTLR line, Philips EvoKit line 
5 The blue line represents the entire portfolio of large 

Chicago office buildings and the red line represents a 

sensitivity of each variable, a targeted list of critical 

variables can be distilled into a checklist to simplify the 

energy auditing process. In some cases, the economics of 

an ECM can be characterized to the point that a short site 

visit will be all that is needed to know if the measure will 

result in acceptable economics. For instance, the green 

line in Figure 7 could illustrate the impact on project 

economic analysis by inputting building-specific 

information. The building-specific data doesn’t 

necessarily improve the economics of the project, but it 

does increase the probability of achieving a given result. 

Once a given likelihood of success (as defined by the 

building owner) is achieved, additional data collection is 

no longer necessary. 

Figure 7 Targeting a portfolio subset for 

implementation of LED retrofit 

NEXT STEPS 

While the analysis paradigm discussed in this paper is 

capable of efficiently providing building portfolio 

owners and managers with the information they need to 

initiate an energy efficiency project, there remain a 

number of gaps between that goal and the prototypical 

approach outlined here. It is our hope that future 

collaboration between the CE+ team and the building 

simulation community will generate solutions to these 

issues. 

Unifying Monte Carlo analytics with hourly energy 

models 

Early efforts to implement the CE+ methodology have 

relied upon Microsoft Excel to perform Monte Carlo 

simulations and related analysis, with a portion of the 

energy-related inputs coming from EnergyPlus analysis 

of DOE reference buildings. While Excel is an intuitive 

and powerful tool that lends itself well to statistical 

analysis, it also requires relatively simplistic inputs 

neither capable of achieving the level of detail enabled 

by building simulation programs, nor of interfacing with 

subset of large Chicago office buildings, which is 

prioritized using the critical variables impacting the 

LED retrofit net present cost. 
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such a program. The CE+ team was frequently forced to 

simplify the way variables were defined (e.g. by defining 

characteristics on an annual basis rather than hourly) as 

well as the way interactive effects between variables 

were captured, in order to manage the level of effort 

required for preliminary analysis. Implementing a more 

sophisticated approach would have introduced 

challenges around both defining variable profiles and 

analyzing their effect on project outcomes. 

The prototypical analysis methodology developed by the 

CE+ team parallels over a decade of work by the building 

simulation community to incorporate uncertainty and 

sensitivity analysis into energy modeling platforms. 

EnergyPlus is now capable of performing uncertainty 

analysis through OpenStudio (NREL 2016). However, 

this progress remains bounded by many of the other 

shortcomings detailed in this paper, chiefly the absence 

of non-energy considerations and an inability to perform 

preliminary analysis at the speed and level of detail 

required by the market. Future phases of the CE+ 

initiative will attempt to bridge this gap by working to 

diffuse the “optimize measures, not buildings” analysis 

approach into popular energy modeling platforms. This 

will necessarily include the development of more 

nuanced variables and variable profiles, similar to the 

Building Component Library already available in 

OpenStudio. 

Using disclosure programs and measured data to 

inform future models 

The  CE+ initiative is committed to catalyzing the broad-

scale adoption of economically-viable ECMs 

worldwide. Because variable profiles vary across 

different locations and building types, and because many 

variable profiles will fluctuate significantly over time 

(e.g. existing lighting efficacy will steadily decrease as 

LEDs penetrate the market), this long-term goal would 

traditionally entail a truly prodigious industry-wide 

analysis effort without a defined end date. However, two 

key trends stand to make our work easier: 

 The recent increase in the adoption of

mandatory energy use disclosure programs is

presenting analysts with more real-world data

than ever before. Over 20 U.S. cities have now

mandated such a program (Gulbinas 2016).

 The advent of EM&V 2.0 can provide the

detailed real-time data necessary to “offer new

opportunities for understanding and engaging

customers… [and] help shorten evaluation

timelines”. The recent passage of AB 802 in

6 The law requires the measurement of energy 

efficiency to be based on “normalized metered energy 

consumption”. 

California implies a reliance on EM&V 2.0 

technologies6 (Oster 2015), and the adoption of 

these technologies is expected to continue to 

grow in the near future (Rogers et al. 2015). 

Assuming that this influx of measured data is made 

sufficiently detailed, accurate, and available, future 

iterations of the CE+ methodology will no longer need 

to depend upon theoretical models, academic research, 

and industry outreach to develop variable profiles. 

Instead, Bayesian updating can be harnessed to develop 

profiles using real data from real buildings with well-

understood properties, and to make those variable 

profiles as dynamic as the buildings they correspond to. 

CONCLUSION 

RMI’s CE+ initiative presents an alternative 

methodology for evaluating energy efficiency projects 

focused on increasing the adoption rate of easily-

customized, broadly-applicable, high-return ECMs in 

the commercial market. Measures are selected and 

analyzed in depth before project initiation. By 

optimizing measures and comparing them against a large 

portfolio of buildings, rather than optimizing the 

buildings themselves, the CE+ approach provides 

decision makers with a compelling argument to retrofit 

their building without access to a complete data set. 

Propagating this methodology, and the “foot in the door” 

mentality it represents, within the energy efficiency 

industry has the potential to drastically increase project 

initiation rates and diminish the existing investor bias 

against energy efficiency projects. However, future 

iterations of the CE+ framework must be developed 

hand-in-hand with the building simulation community 

and EM&V 2.0 practitioners in order to ensure that 

analysis inputs are sufficiently nuanced and that they 

continue to accurately reflect an ever-evolving building 

stock. Only by combining these efforts can we ensure an 

offering capable of transforming the built environment. 
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