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ABSTRACT

The Monitoring-Based Commissioning (MBCx) prograsnai statewide California program for
implementing energy efficiency measures in largstiational buildings. MBCx adds a layer of
evaluation and management to California’s traddlaetro-commissioning (RCx) program, which aims
to identify existing operational deficiencies anelthachieve building energy savings through various
system operation improvements and operational @sand/IBCx puts systems in place for continuous
data monitoring, which helps develop proceduresnisure the persistence of the measures implemented
through the program. Clearly, such an approachudtessful, holds great promise for facilitatihg t
management and evaluation of commissioning prograrhss paper presents the evaluators’ experience
with the continuous monitoring system as it wasialty implemented. We include a focus on the level
of consistency with which the prescribed protoceése implemented, the level of detail present @ th
RCx actions taken, and the consequences of eféectionitoring and evaluation of projects. In
particular, we characterize the challenges of dgief procedures to ensure data quality, validate
statistical methods, define appropriate baselimds;ument specific RCx actions, and establish
appropriate schedules for functional tests. A numprehensive and robust data collection approach
will provide greater confidence in program saviregg measure persistence. Ultimately our findings
will provide guidance for improving MBCx programsign.

Introduction and Background

MBCx combines building energy systems monitoringhwiraditional building system RCx
practices and protocols to identify existing systeperational deficiencies and help achieve building
energy savings through various system operatiomaugments and operational changes. In California,
MBCx program is an Investor-Owned Utility (IOU)-smmored program that provides a sustainable and
comprehensive energy management program for coleagepuses. While most California 10U-
sponsored incentive programs do not describe ergffigyency improvements based on energy stream
monitoring, the MBCx Program is an exception whigre incentives are based on the energy savings
determined through pre- and post-monitoring. Initald this program provides the opportunity to
perform building benchmarking (kwWhifand kBtu/ff) at the start of the process, which helps identify
whether the building is a suitable candidate fog fnogram.

Presently, the MBCx program uses the IPMVP Optiona@proach, where it utilizes three
months of pre- and post-installation building-leeelergy usage coupled with an established regressio
methodology to determine annual energy savingsafdacility. In addition, the program procedure
requires the implementer to perform pre-MBCx andtfdBCx functional tests on building systems
and equipment. The pre-functional tests are pedron the systems and equipment to document the
current operation and their operational deficiesicighereas the post-functional tests are perfortned

"http://www.nrel.gov/docs/fy020sti/31505.pdf
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assess and document the intended measure operatidowever, during the evaluation of several
MBCx projects under California Public Utilities Comssion’s (CPUC) 2010-2012 Custom Impact
Evaluatiorf, a number of issues were observed with the curpeogram methodology related to
building benchmarking, adequacy of energy usaga dallection, use of valid statistical regression
methodology, identification and documentation adependent variables, and adjustment of building
energy usage baselines in a dynamic building enment. Furthermore, the evaluator faced some
additional challenges during the evaluation of ¢hBHBCx projects. Some of these challenges include
lack of reliable metered data, unavailability ofegdate baseline data, flawed meters and insufficien
documentation to assess a building’s pre-existipgrating conditions. These inadequacies and
challenges can be overcome by adopting a consigtegtam methodology, using calibrated meters for
each building energy stream, collecting adequata @ consistent time intervals, identifying all
relevant independent variables, establishing thecqmure to document all independent variables
affecting the system performance, establishing @ppate baselines, and even using a non-Whole
Building approach if required to quantify the MB&avings.

This paper discusses the current MBCx methodolgggsents evaluator's experience in
evaluating the program, identifies the issues witie current MBCx methodology and discusses
challenges in evaluating the MBCx program in Cafifa. Finally, this paper presents evaluator's
perspective on the program and provides recommiemdaino improve the MBCx program design.

Present MBCx Methodology

Currently, the MBCx protocol utilizes a Whole Build analysis approach, and typically
involves four phases: planning, investigation, lenpentation, and reporting. The planning phase
determines the suitability of the building selecfed the MBCx program based on its size, energy
utilization index (EUI) and benchmarking againshisar college campus buildings. The investigation
phase identifies the operational deficiencies thhogystem- or equipment-level metering and data
trending. The implementation phase repairs faultsraakes improvements in operating strategies. The
final phase involves savings analysis and repording training of facility staff on the revised cat
operation.

Once a building is selected under this programMBEXx functional tests are carried out on the
building system and equipment to document theirezuroperations and their operational deficiencies.
The conventional MBCx approach is Ilimited to wholeuilding energy analysis, with
metering/monitoring at the building level, and reparate analyses to estimate the energy savings for
individual measures. The program necessitategreitistalling new meters on each energy stream or
utilizing the facility’s existing energy meters. tases where multiple buildings are pooled togeither
one MBCx project, the buildings can share a commeter for chilled water (CHW) and heating hot
water (HHW)/steam. However, each of these buildmgst have its own electric meter.

As prescribed, the program calls for energy usada dollection three months before and three
months after the MBCx project implementation, alamigh collection of data related to independent
variables necessary to provide routine and norinetibaseline adjustments, such as outside air
temperature, occupancy level, additional proceaddpand daily operating hours. IPMVP Option C is
utilized to develop regression models relating eigple of energy usage to the independent variables,
either alone or collectively. Then typical meteogtal year (TMY) weather data are utilized in both

http://www.calmac.org/publications/2010-12_WO033stom_Impact_Eval_Report_Final.pdf
®Routine and non-routine baseline adjustments aseribed in the International Performance Measurémed Verification
Protocol (IPMVP) available atww.evo-world.org
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pre- and post-MBCx regression models to generatgeqtions of baseline and post-case energy
consumption along with the projected annual savings

Finally, a post-MBCXx functional performance tesP{H is carried out on the building equipment
and systems to document proper operation of eaasune. In addition, a MBCx program activity log
provides guidance to college campus facility pengbron unresolved issues noticed during the MBCx
treatment, along with future changes recommendedsjstems/equipment/components, and their
potential impact on cost and energy savings.

Issues with Present Methodology

While operating conditions for individual retrofiheasures may be fairly constant during the
post-implementation period, a number of functioaadl operational changes may occur at the whole-
building level. Typically, an MBCx program partiept building is selected for evaluation one or two
years after project completion. During this tinsBanges occurring in the functional use or opegatin
hours of the building cause changes in energy c¢opsan that are difficult to separate from the MBCx
program impacts. For example, a large numberetthrent MBCx projects have been implemented in
science and engineering facilities at college caapuwhere additional equipment/processes/systems
have been added to some of the buildings subseqtenproject completion, while other
equipment/processes/systems have either been dakker have become defunct. While the likelihood
of functional/operational changes increase oveetime also saw cases where these changes were
happening during the course of program implemesttatand these changes required special treatment
by program implementers in calculating savings.

While the science and technology buildings foundhie 2010-2012 Custom Impact Evaluation
sample were good candidates for MBCx project sielediecause of their high EUI, one of the biggest
challenges to the evaluation process posed by thekkngs was the characterization of the heasing
cooling loads. Almost all of these buildings casignificant process cooling and heating loads, Wwhic
are dynamic, non-weather-sensitive, and subjectat@ation that cannot be controlled for in MBCx
regression models based on outdoor temperature.alon

A number of issues were observed during the evialuatf the MBCx projects that had notable
impacts on the project savings. Some of the uyithgrissues are enumerated below:

Validity of the Submitted Regression Model

MBCx protocol mandates the implementer use thetgbon pre- and post-MBCx metered
energy streams along with site weather data duhegorresponding time frames to develop regression
models to annualize the pre- and post-implememtatietered energy use. Based on the evaluators’
experience, it is evident that these regressionetsodnd their associated regression correlatioas ar
often misleading. The reasons are multifold. Fil&J program rules do not prescribe the statistical
parameters that need to be considered for validatfcany regression model, nor do they provide any
guantitative threshold values for the commonly usgatistical parameters, such as the minimum
acceptable R-Squared value for linear regressidasond, if there is no good statistical correlatdén
energy consumption with outside air conditionsngsihe regression equations for any calculation is
potentially counterproductive as the errors arerofpropagated along the savings calculation. Third,
because the building systems and their behavioc@mgplex in science and technology buildings, and
many system parameters interplay simultaneouskcigpng a particular independent variable in the
energy consumption model is neither reasonableappropriate. One such specific example is of lab
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buildings utilizing 100% outside air for their HVA§ystem, where the fan energy is usually driven by
fume hood operation, and does not exhibit a stioegr relationship with outside weather conditions
Relying on regression models that do not providedgstatistical precision may lead to inappropriate
savings estimation. Figure 1 below shows the scalt# between outside air and building baseline
energy consumption with the implementer-providegression equation and the R-Squared value for
one of the MBCx projects that was evaluated un@:02012 Custom Impact Evaluation. The low R-
Squared in the Figure 1 shows a poor relationsbipvden the outside air conditions and the baseline
energy consumption.
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Figure 1 : Baseline Energy Use vs Outside Air Tempature

Negative Claimed Energy Savings that May Not be Dui® MBCx Measures

During this evaluation, the evaluator found a ceugflinstances where the final claimed savings
reported negatives (i.e. load increases) eitherefectricity or natural gas usage. As the presdribe
savings calculation approach relies on short tema @nd post-MBCx monitoring, which are
extrapolated against the TMY weather data for detg@ng the annual baseline and post-MBCx energy
usage, it is possible that the building might seerereased post-MBCx annual energy usage in any
particular energy stream or in all forms. The @a&ge in use can, at times, be attributed to nograno
changes at the facility or faulty energy modeling @ot to measure performance.

Retrofit Measures Implemented During and After MBCx

The MBCx implementers normally come across instandeere the building requires some kind
of system or equipment retrofit that is either pefrthe MBCx exercise or is done as part of separat
retrofit programs. For the cases when the retisfipart of the MBCx exercise, no separate savings
guantification and impact analysis is required lba final MBCx savings. However, for the instances
where retrofits are implemented during the MBCxedirame under different programs, it necessitates
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calculations to quantify the impact of retrofit ,sages. In addition to this, there are possibditizat the
building may see some retrofit measures duringptreod after MBCx is complete and prior to CPUC'’s
custom impact evaluation. Savings from these auidit retrofits are often not readily distinguisteab
from the MBCx savings, which poses challengesaiaitng the post MBCx retrofit effects.

Benchmarking of Project Sites

The MBCx protocol mandates that the implementerthsehistorical energy usage data along
with the building’s total conditioned area to detere the EUI and compare it with similar buildings
the campus. This helps the implementer to deterrtfiresuitability of the selected building for the
MBCx program. However, the evaluation team fourstances where the reported pre-MBCx EUI was
in error, based on the available site energy in&dirom. Such cases often coincided with sites where
good correlation of energy usage with the outsidgativer conditions did not exist. Therefore, the
calculated EUI for these cases did not represemtattiual EUI of the building, which can lead to
incorrect selection of the building during the ) application phase. In one of the projects, the
implementer estimated baseline EUI at 15.8 kWhi&~compared to the building level EUI at 10.1
kWh/SF for similar college buildings. The evaluatiteam re-calculated the baseline EUI from the
utility metered data and determined the actual Ives&Ul to be 6.4 kWh/SF for the building, which
was significantly lower than the value of the EUlthe similar college buildings and as well as
implementer’s EUI claim for the building.

Recommended Changes Incompatible with the Buildingquipment Capability

The facility operators often find constraints witle HVAC equipment that limit their ability to
fully implement the revised control sequences. ddiion, equipment manufacturers’ suggestions on
preferred operating sequences on a piece of equipwiten lead the facility staff to bypass the
modifications suggested in the MBCx project. Feoaraple, during the site visits at some of the older
campus buildings, the evaluation team noticed tha majority of HVAC instrumentation had
limitations in acting over the full or partial ramgf control changes made during MBCx treatment.
Because of time and budget constraints, the feslibften inadequately accommodated the need for
control hardware and software changes during th€¥projects.

Regression Models with Outside Weather Conditions

While the installed energy meters at the buildiegel provided post-MBCx interval data from
project completion until the evaluation, the evébwnain some cases, did not find a good regression
correlation of the individual building energy usageh the outside weather conditions. Although the
three-month post-project period used in the MBCagpam may provide a reasonably good looking
model, this model can fall apart in an extended ganison. In some cases, this is evident even during
the post-MBCx assessment by the MBCx providersh@lgh this outcome is understandable for
science and technology buildings, which have aifsogmt portion of process loads, the evaluatos® al
found this anomaly for regular classroom buildiogsa college campus.

It should be noted that some science and technddadglings exhibited a very good regression
correlation of energy usage with outside weathedimmns, for both occupied and unoccupied periods.
On an interesting note, the evaluator observedithat particular case with water-cooled chillefs t
chilled water usage provided a slightly better esgron model when plotted with dry-bulb temperature
than when plotted with wet-bulb temperatures. Arothollege building that gets evaporative pre-
cooling from a common campus condenser loop, andeinaining cooling from metered chilled water,
did not produce a good regression model for chi@ter consumption with outside weather conditions.
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This demonstrates that buildings do not necesspribyide good regression statistics using a simple
correlation to temperature under all conditionsl alernative methods are needed.

A general concern with the overall program approashimplemented, is that three months of
pre- or post-retrofit data are not sufficient foregression-based annualizatin process. In mosait
areas, three months of data do not provide enoegbosal variation to adequately inform the regoessi
models. Recent work by LBNL in the assessmenutfraated M&V modeling shown in Figure 2 has
corroborated this finding in showing that three mhgnof data are insufficient for baseline model
development, but that reducing the model trainieggal from twelve months to six months does not
provide a significant drop off in model accurdcy.
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Figure 2: Comparison of Accuracy Predictions amond.2-Months, 6-Months and 3-Months
Training Period Data

Adjusted Energy Usage Baseline

The MBCx protocol calls for installing meters, whiare used to establish the baseline energy
use. However, MBCx implementers often find someamahanges in the building after the baseline is
established that call for modifying the buildingisnual energy usage baseline. As the implementers a
tasked with a definite timeline to complete the-paad post-MBCx monitoring, perform the pre and
post-functional tests, systems/equipment commigsipnand final training and hand-off, it is not
feasible for the MBCx implementer to redefine thesdline energy usage with an additional three
months of energy monitoring after any major basehmodification. Furthermore, as the implementer
may notice additional changes that should have faetored into the baseline conditions while the
MBCx investigation phase progresses, it is not ijptesgo redraw the baseline every time with three
months additional monitoring after any major basekdjustment, as this might stretch establishieg t
baseline out indefinitely. In order to avoid thespetitive exercises, the implementer adopts autztkd

* Evaluation of M&V Accuracy and Savings Uncertaintgssica Granderson,Ph. D
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approach for estimating the impact of any basetioeification measures, and adds/subtracts the gnerg
impacts from the baseline energy, to obtain theusadfl energy usage baseline. Sometimes, this
calculated approach does not reflect the accumaeaét of these baseline modifications, which
introduces errors in re-establishing the adjusiskline energy consumption. Additionally, this noeth
may require extensive data collection, analysisdafa, model development and validation of the
engineering models which can be time consuming.

Reliability of Energy Meters and Flawed Metered Daa

Discussion with facility operators revealed that thajority of the existing meters used for the
MBCx program were old and had not been calibravedyéars, and, similarly, new meters installed as
part of MBCx exercise often did not meet the metecuracy criteria specified in the MBCx project
guidelines. These problems produced flawed and/or incondistata that provided inaccurate models
of pre and/or post project energy consumption. inffdementer should check that all the collectecdat
from the EMS is recorded at a consistent intergal.(every 15 minutes) and identify inconsisteneies
an early stage, so that they can be rectified eamyugh to avoid tedious effort to align data sets
having to discard unusable data. A non-aligned slett@an introduce errors in the saving analysishvh
in turn will lead to an inaccurate savings estimate

Evaluator's Recommendations

As described in the previous section, the 2010-2ii2om evaluation identified several key issues
and challenges in evaluating MBCx projects. Somethaflse challenges are due to inappropriate
implementation of the program protocols whereasesofrthe other of the issues were purely related to
inadequacies of MBCx methodology that needed rafer@. Based on these findings we provide the
following recommendations for MBCx programs:

* In order to adequately collect both baseline arst-pase conditions, the trending periods should
be increased to a minimum of six months beforeaitet the treatment. We note that California
Evaluation Protocols require 12 month pre- and-petsbtfit data for billing analysis, as shorter
periods do not always adequately capture a buflslingsponse to weather. In addition, the
project implementer should collect trends of ateeffed control points in the post-MBCx phase
in order to verify the implemented measures arekimgras implemented.

» Apart from collecting longer term pre- and posnttelata, the IO0Us should develop regression
guidelines prescribing the statistical parameteas heed to be considered for validation for the
regression model. These guidelines should includedei limits, procedures to assess
reasonability of the independent variables, methtodsheck if the regression coefficients are
within an expected range, and provide the rangexoéptable R-Squared and t-statistic values
for linear regression.

* In order to avoid inappropriate selection of buigs during the MBCx site selection process,
both the campus and the implementer should beutaretalculating the EUI and comparing the
project sites with similar buildings in the campus.

» To the extent possible, the building-level metenoutd be supplemented with additional
monitoring of building process parameters to isothe impact of individual measures. As most

*MBCx Project Guidelines and Minimum Requirementsiriiforing Based Commissioning (MBCx) Program 20008
Higher Education / Investor Owned Utility (IOU) Paership Programs, Updated August 2013
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of the MBCx projects are implemented at college mases that have a decent EMS with data
storage capability, the MBCx provider should worithwthe campus in collecting baseline
system operation trends for six months pre and.pbs¢ MBCx log should provide both
gualitative and quantitative estimation of indivadand relative impacts of each MBCx measure
or any other non-program impacts, as this will hi#lp evaluator prioritize measure impact
evaluation activities.

» Arrecord of each measure implemented, along wist-poplementation functional performance
tests, should be retained to identify the speaititvities done within each project and verify that
the work was done correctly. This will allow the M&eam to implement a retrofit isolation
approach as needed. The campus facility showdd kerecord of all building operation changes
at a central node. This will help the evaluatiorgetiting the actual project background and an
appropriate perspective. This will also help IOUs documenting other retrofit project
information along with the MBCx project documents & comprehensive impact evaluation.

* In order to ensure the implemented measures progluersgy savings opportunities, the project
implementer should assess the facility controlaysaind make sure that the existing control
system is compatible with the control changes psedoas part of the MBCx retrofit.
Additionally, the implementer should collect trenofsall affected control points in the post-
MBCx phase in order to verify the implemented meesare working as intended.

* The implementers must also realize that the MBCxwle/tbuilding approach is not appropriate
for all buildings, such as the buildings that umgefrequent changes in various non-program-
related energy improvements such as equipmentfitetaddition and elimination of building
loads, and changes in the building usage pattdimsse changes may have an impact on the
energy consumption that can’t be specifically ismdathrough the whole building approach.
Thus, the implementers need to keep track of thews changes that the buildings undergo
during the MBCx project and make sure to isolas¢heffects from the MBCx impacts using an
appropriate calculation methodology.

Summary and Conclusions

Our evaluation on MBCx projects confirmed our betleat all buildings are different, and no
two buildings with similar characteristics and usaxhibit the similar behavior. Furthermore, thare
many variables that impact building energy usagd &1 occupancy profiles, load characteristicse tim
of use, etc.,, and two similar buildings at a callegampus may likely exhibit different energy
consumption based on the predominance of any dfetlvariables. Therefore, energy consumption
characteristics of a building may not be replicaitedimilar other buildings on the college campus.
Lastly, even the buildings with little or no prosdesads are often not appropriate candidates fogus
particular regression-based MBCx protocol. We cotel that using a theoretically appropriate
methodology is not necessarily sufficient to denti@ts the savings for the MBCx project; other fasto
must also be considered, such as collecting adeqleait at appropriate time intervals, identifyidlg a
relevant independent variables, documenting théesysperformance, and establishing appropriate
baselines. These additional factors should bedomhtal requirements for this program. Each ptojec
is unique and should be evaluated based on its ©ygtem configuration, building characteristics,
behavior of loads and operations. The majoritthef MBCx sites, in general, and college campuses in
particular, provide ample opportunity to generatd store historical data that can be used duriogept
implementation and during the subsequent projepaohevaluation.
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