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Strategic Energy Management
Keysto Behavioral and Operational Change

Ryan M. Kroll, Michaels Energy Inc., La Crosse, WI
Phil Willems, PWP, Inc., North Potomac, MD
Dan Rubado, Energy Trust of Oregon, Portland, OR
Kathleen Belkhayat, Energy Trust of Oregon, Portland, OR

ABSTRACT

This paper presents the results of an evaluafi@nergy Trust of Oregon’s Strategic Energy
Management (SEM) initiative. Commercial SEM is igaed to deliver comprehensive energy
services to large, typically multi-site, custom#reough behavioral and operational changes, while
also identifying potential capital projects. Thiper addresses both process findings and an analys
of savings estimation techniques.

The evaluation sought to ensure that the initiatives achieving claimed savings at a
reasonable cost and to provide feedback on progiesign and implementation. This meant both
investigating the methods used to calculate saviagd understanding how participants had
incorporated energy saving policies and practiotstheir standard operating procedures.

Key operational findings included:

e SEM takes time if organizational changes are toridemented.

e A cohort approach, using multiple workshops witpresentatives from 5-10 organizations,
appears to be effective in engaging participants emrcouraging behavioral and operational
change.

Findings relating to the savings methodology ineldd

e Standardized regression analysis techniques asee@ptable means to determine savings.
When regression analyses are used, savings sheutthlbulated using a baseline of the
operation immediately preceding program particgrativhenever possible.

e Regression analyses should be clearly organizedlinkdoperational changes to reduced
energy use.

e Linear extrapolation from limited data to projectnaal savings often induces significant
error. Therefore, savings claims should be limitedbserved savings to improve accuracy.

e |If savings claims must be extrapolated based ortdindata, these analyses can be
supplemented with heating or cooling models to mapraccuracy.

I ntroduction

Strategic energy management (SEM) is defined dgritjaa holistic approach to managing
energy use in order to continuously improve en@gyormance by achieving persistent energy sand
cost savings over the long terh.” SEM programs, therefore, differ from traditionahergy
efficiency programs in that they do not focus orecfic equipment upgrades or performance
enhancements, but instead focus on equipping thmmer or the end user to identify opportunities
for improvement.

This paper presents the lessons learned from tluations of two strategic energy
management (SEM) pilot programs for the Energy fTafsOregon, the Commercial Strategic

1 “CEE Strategic Energy Management Minimum Elemen@ohsortium for Energy Efficiency.
http://library.ceel.org/sites/default/files/librarg283/SEM_Minimum_Elements.pdf Accessed October 1, 2015.




Energy Management (SEM) program and the Strategerdy Management Introduction (SEMi)
pilot.

Commercial SEM is a limited program offering degidrto deliver comprehensive energy
services to selected large customers focused aavlorhl and operational changes as well as capital
projects. The program has delivered two approath&tEM via different contractors: a cohort track
and an individual track.

For both approaches, customers receive extenstimital assistance from a Commercial
Technical Service Provider (CTSP) and evaluatiorthefir energy savings as well as incentives
based on the estimated annual savings. Savingdetegmined from a top down analysis of
behavioral and operations and maintenance changesh are estimated by analyzing facility
energy data at the end of the first and secondsyafanvolvement. Monthly energy usage is entered
into a monitoring, tracking, and reporting (MT&Rpreadsheet tool so that consumption can be
compared to usage during the same time in the gears, after normalizing for differences in
weather conditions or other factors.

The SEMi program is a light-touch, event-based oy offering designed to introduce
strategic energy management (SEM) to customersdehoot meet energy usage or organizational
commitment screening criteria for the full commatc6EM engagement. Over the course of 12
weeks, participants participate in a variety ofrégeincluding an Opportunity Assessment, Energy
Day, and an Organizational Assessment, designedddatify opportunities to save energy.
Participants qualify for incentives based on thenhar of energy saving measures implemented and
the priority and level of effort required to comigleeach measure.

SEM TakesTime

Based on the evaluation for commercial SEM andSEMi pilots, the first key for success in
a SEM program is to allow for enough time for tlevelopment of the customers. The goal of SEM
is to produce fundamental and organizational charigethe approaches and viewpoints for an
organization. The two SEM approaches evaluateddratatically different activities and timelines.
Therefore, they are not directly comparable, basdes can be learned for the timeframe of each
program.

Due to initial challenges, including changes to lengenter staff, the SEMi pilot used a blitz
approach, where all of program activities and ptsjavere completed in a 12-week period. The
SEM program used both an individual and a cohgot@gch, both of which had activities occurring
for nearly a year, with many people continuinghia program beyond the first year.

Although both approaches were successful in ingrgasustomer awareness of energy
efficiency and engaging customers to complete sprogects, the overall feedback from both the
customers and the program staff was that signifigare is required for any lasting change to occur.
The 12-week timeframe for the SEMi pilot was coes@dl to be too short to be effective by all the
program staff interviewed. As one staff member doté# it werel2 weeks from the Energy Day
through the last day of implementation and themwa fveeks for admin pre and post, that might
work, but it can take 2 weeks just to scheduleBhergy Day, plus we need a report at the end of 12
weeks, so you're down to 6 weeks when they caragetal work done — which is hard because it's
not that high a priority for them.”

Even in cases where SEMi participation likely dédult in lasting organizational change, this
did not always result in energy savings claimedhgyprogram. During the 12-week timeline, only a
small percentage of the recommended non-capitaloropputies identified were actually
implemented. Customers did report that they inteinth implement additional measures in future
years, and in some cases even incorporated thenneendations into their corporate sustainability
plans. However, these potential future savingddcaot be claimed or attributed to the SEMi pilot
at that time.

For the commercial SEM program, the additional tiwas critical to project success. One of



the key drivers for this program was the free ergeaof ideas and plans between facility managers
from different organizations or within larger orgeations. These discussions occurred naturally and
were the result of the ability to meet with peoptean ongoing basis over long periods of time.

The time was also critical in overcoming internedanizational barriers. For example, one
of the primary initial barriers to success with SEdthe perception that it will require additional
work for already over-committed staff. These pptions are only overcome once the SEM
activities become “routine” and not considered &ddal work. The additional time for the SEM
program also facilitated the participation and ediwn of upper and lower level staff, both of which
are required for success.

The development of a formal Strategic Energy Plapeared to lag behind other aspects of
SEM implementation, both because of the formal eygirprocess required within each organization
and because — in the cohort approach — plan dewelopcomes relatively later in the process when
participants are already tasked with implementingnerous other changes.

Customer use of the MT&R spreadsheet tool tenddipoover time, in part because of the
time required for customers to enter usage andheeatata. Additionally, customers did not all
understand the statistical foundations of the MT&dReadsheets, and therefore did not immediately
see the value. The longer timeframe of the commle8EM program allowed program staff the
ability to redirect facility staff and reinforceghmportance of these tracking tools.

Cohort Approaches ar e Effective

Energy Trust’'s commercial SEM program used botbralination of a cohort approach and
an individual approach. For the cohort approachpds of 8-10 customers are educated through a
process of training workshops, opportunity assesssn®ne-on-one coaching and MT&R to help
them incorporate energy management practicesheio ¢ore business.

The individual approach provides a menu of serejgons to individual customers, either as
a comprehensive package or a custom selectiobésatmeets the organization’s energy objectives.
Services include one-on-one opportunity assessnEenmergy Information System installation,
organizational assessment, strategic planningrapteimentation support of a strategic action plan.

Based on the evaluations completed, both approashes effective in achieving the goals
for the SEM program of generating energy savings @omoting organizational change. However,
based on the overall program costs, the cohortoagprwas significantly more cost effective at a
total program (delivery and incentive) cost tham itidividual approach.

To compare the cost-effectiveness of the two delie@proaches, we compiled the costs and
savings associated with each track, including mametive and incentive costs. Because both of the
2012 individual approach participants had significaon-incentive costs in 2012 but only reported
incentive costs (as well as additional non-incentiests) in 2013, results for both approaches were
combined for 2012 and 2013. To facilitate a congmariof costs across electric and gas savings, we
normalized all savings to MMBTU, and calculatedhbnbn-incentive cost and total cost, as shown
in the table below.

Table1: SEM Program Cost and Savings

Non-
Non- Elec. Therms incentive | Total
incentive Savings Savings Total cost per | cost per
Approach cost Incentives | (MMBTU) | (MMBTU) | (MMBTU) | MMBTU | MMBTU
Cohort $294,340 | $131,375 19,333 12,694 32,028 $9.38 $13.49
Individual | $72,152 | $4,300 346 1,136 1,482 $54.11 | $57.15

The results clearly show the lower cost of savimpen the cohort approach is used. They




also show that delivery service provider costs segeeral times higher than the amount of the
incentives, indicating that the delivery programatggy does have a significant impact on overall
cost-effectiveness.

Additionally, based on the participant feedbacle #haring of experience and knowledge
appears to be one of the most valuable aspectheofcohort approach, particularly when past
participants describe how they implemented SEMividdals within one organization can exchange
ideas with their peers who hold similar positionsather organizations, thereby increasing the
amount of learning beyond what would be possible ane-on-one expert-participant setting.

Individual approaches can still be effective, hoarevbut are most cost effective when
applied to organizations with multiple similar lwifigs where the training and recommendations can
be widely applied.

Regressionsare Appropriate

There is a solid basis for using regression toredg savings using billing data, and the
technique is called out in International Performenideasurement and Verification Protocol
(IPMVP) as Option C: Whole Building Analysis. Hovwezy IPMVP notes that for Option C “billing
analysis is appropriate when:

e Savings are above noise—that is, the estimatedygrsavings are greater than at least 10%
of the monthly utility bill being analyzed.

e There is a high degree of interaction between pialtneasures at a single site.

e The energy conservation measure (ECM) improves aplaces the building energy
management or control system.

e The ECM involves improvements to the building sloelbther measures that primarily affect
the building load (e.g., thermal insulation, lowmdows).

e The measurement of individual component saving®iselevant.

e Other approaches are too expensive.

While SEM meets several of the above criteria, etg@esavings from SEM fall far below the
10% threshold noted, which suggests that the regmresinalyses may have some uncertainty for the
overall savings estimates. However, the use ofessjpn analysis to establish a relationship
between energy use and various “independent” vasab well established, having been employed
by EPA on Commercial Building Energy Consumptiom@y (CBECS) data, by Georgia Tech
University to model industrial energy consumptiamd by Energy Trust and NEEA to estimate
savings for SEM programs targeted to industriatsise

Energy Trust's program used a “CUSUM” regressiomlgsis to determine the savings
levels. In a CUSUM analysis, a model of energygasia developed from a baseline period, based
on the energy consumption and the heating degnee daoling degree days, occupancy levels, days
in the billing cycle, or other factors. This modelthen applied to each month going forward. Any
reduction in energy consumption compared to the afend usage is “savings.” The CUSUM
analysis then presents the total savings sincestdré of SEM program activities, as shown in the
figure below. The monthly savings are shown, havewn many cases, the monthly savings are not
presented.
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Figure1l: CUSUM Savings Analysis

The CUSUM analysis has many positive attributesie ©f the most significant advantages
of it over other regression approaches is thattthal savings are immediately apparent to the
customer. For example, in the figure above, itmsnediately apparent that the total first year
savings for this site is nearly 5,000 therms. Tdhesr presentation of savings can be a drivingefor
for customers to push to achieve greater savingdde

Additionally, the CUSUM analysis can be tailoredttee individual customers’ levels of
technical ability and information available. Foaenple, the starting point for the CUSUM analysis
may be simply heating degree days, cooling degegs dnd days per billing cycle, but customers
CUSUM analyses were expanded based on site comglito include occupancy, “event” days,
production levels, or other site factors. Thesditaahal variables can add accuracy and encourage
customers to examine what factors affect theirgynasage.

Despite its value, the CUSUM is not the best apgno®r all cases. In some cases, the
savings are simply too small to be seen in a CUSAsdIlysis. It is important to recognize these
cases and use alternate approaches, such as wdcséavings values, so that customers have the
feedback for the savings.

Using CUSUM regression analysis applied to the S&iings calculations, there is no
explicit linkage between individual SEM actions aheir associated energy savings. Instead, the
savings from SEM typically come from an overall ipléhat includes numerous small, often
incremental changes in occupant behavior as weglbogsntially more significant changes in facility
operations. At least in theory, one would expedbeaable to observe some link between the timing
of specific actions noted for a participating fagiland a resulting drop in usage. The reverse is
certainly promoted as one of the benefits of SEMt ts, if a jump in usage is observed, the obvious
guestion to ask is what is causing that.

Standardized Regressons Must be Clear

As noted above, one of the primary benefits ofadhthe CUSUM regression analyses is the
ability to clearly present the savings estimatéstially, the SEM program used a variation of the
standard CUSUM analysis to predict the savingsstfa “baseline” model was developed based on
a year of operation prior to the start of SEM m#ptaition.  This period was selected based o zhe
month or longer period that resulted in the “bdst fmodel, which indicated stable building
operation. In Figure 2 below, this period is frdome of 2010 to October of 2011, and is indicated
by the red “savings” line and the yellow arrow.



Two CUSUM analyses were then completed to deteritiaesavings due to participation in
the SEM engagement. First, one CUSUM analysis vea®pned comparing the “Baseline” period
to the period from the end of the baseline periothé start of participation in the program (Octobe
2011 through October 2012 in the figure below, ¢atkd by the red arrow). This was labeled the
“Pre” period. Using this model, a “Savings per d&gf the pre period was developed, which was
equal to the average slope of the CUSUM line. Hmngs it is important to note that the “savings”
for this period are not program savings, but indte@icate a change in operation from the baseline
period.

A model was then also developed for a period @ffteistart of program activities. This period
was labeled the “Post” period. In the figure beldhis is the period starting November 2012,
indicated by the blue arrow. A “Savings per daglue was calculated for this period as well.
Again, the savings for this period are not the progsavings either. Instead, the expected savings
due to the program was calculated using the difiedan the savings per day values (slopes of the
lines) for the pre period and the post period.
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Figure 2. Modified CUSUM Analysis

Because many of the projects completed have lessdhe full year of operation in the pre
period and/or the post period, the savings aretigeextrapolated for the remainder of the yeaor F
example, as shown in the table below, the bas@lered for the figure above has a “savings” of
11.1 therms per day. The post period has a pr@jesaeings of 11.5 therms per day. Therefore, the
savings due to the program is the difference beatvieese two values (0.4 therms per day). Based on
365 days per year, the resulting savings are 160

Although, this approach is not necessarily any Essurate than a conventional CUSUM
analysis, this approach does not clearly presens#vings and led to confusion and difficulty for
customers to “see” the program savings.

Extrapolation Leadsto Error

Due to the timing of the program cycles, the savifay many of the projects are based on
less than one full year of post period data. RerSEM programs evaluated, to determine the annual
savings, the savings were linearly extrapolate@das the savings to date using the formula:



365
kW hgnnuar = kthayi * ( i )

This linear extrapolation technique was found tteptally impart significant inaccuracy to
the saving estimates, since it does not accounth®expected annual usage characteristics for the
equipment or the measures completed. For exampien whe winter months are used to develop the
savings for a heating efficiency improvement tisagxpected to save natural gas, those gas savings
will be projected to the summer months even thaugheating is expected.

This can clearly be seen in Figure 3 below. F@ é¢xample, the overall savings for the first
year of SEM activities are approximately 4,200 mherbased on the full year of data. However, if
the savings were extrapolated based on the datialzleaat the end of the year (3 months of
participation), the projected savings would be o¥2/000 therms per year, nearly three times the
achieved savings level. Even if the period forrgxolation was increased to six months, the
projected savings are still nearly 8,000 thermsypar, nearly double the achieved savings.
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Figure 3: CUSUM Savings Extrapolation

In addition to adding the potential for inaccurasgvings extrapolation was described by the
program staff as one of the most challenging amesive aspects of the program. The analysts do
their best to adjust the limited savings data ftecé non-cooling months by extrapolating using
typical meteorological year (TMY) data and professil judgment, but there is clearly no way to
accurately predict heating season usage based a@imgaisage data. In addition, to avoid the
dramatic changes illustrated above, projects wlendtrued up” based on additional data after the
close of the program year. The implementer stafcdbed this whole process as a very time-
consuming activity that contributed a significantpn of the cost of the program delivery.

Based on these findings, we recommended a dranskiit in the program design.
Specifically, we recommended that the extrapolabenabandoned. Instead, the first year savings
could be limited to the savings to date at the @ntie program year. The remaining savings for the
project could then be claimed in the second yegadicipation. Alternatively, the savings coulel b
claimed only after a full 12-month period had ekhs This approach simplified the reporting, but
required the costs and the savings to be “decouiede they would occur in different program
years. Both of these approaches eliminated angamofation of savings and the uncertainty
associated with current annual savings estimates.



In cases where savings must be extrapolated, dpegpam cost-effectiveness requirements
or other factors,, we recommended that the savirgsbe linearly extrapolated, but instead be
extrapolated based on the expected “savings profi®r example, if the savings are expected to
affect the heating energy, the savings could lmedlto heating degree days.

Conclusion

Commercial SEM programs are fundamentally diffetban conventional energy efficiency
programs. They are designed to assist customeeslbgating them on their energy usage with the
goal of producing ongoing organizational chang8EM programs must be designed with customer
timelines and feedback mechanisms in mind.

Cohort approaches were a successful and costigffegtay to assist participants in
generating energy savings and promoting organizaktiohange. One the most important aspect of
the cohort approach was the ability for particigarat discuss successes and challenges with other
participants. An ongoing relationship with parpignts was also important, as it allowed time to
overcome both schedule-related and organizaticaraidos to success.

Regression analyses are an acceptable approadéntifying energy savings associated with
SEM patrticipation. Regression analyses shoulddsgyded to clearly present savings, and relate the
savings to operational changes. Additionally, &xtiation of savings should be avoided to
minimize the potential for error or uncertaintytie savings estimates.





