Phase I Ex Ante Review Findings
Measure Description
The project consists of a single measure at a large commercial office building: Retrofitting three
AHUs to allow operation with less than 100% outside air. This is not an economizer measure per
se. Under the proposed operating strategy, the building will still use 100% outdoor air whenever
the AHUs are predominantly providing cooling; when the AHUs are primarily providing heating,
the dampers will actuate to provide the code minimum outside air. Currently, the building’s three
air handlers - which are all variable volume and sized at 164,800, 171,200, and 58,000 CFM deliver 100% outside air under all conditions. Supply airflow is varied in order to maintain a
constant static pressure set point; variable speed exhaust fans expel air from the building in order
to maintain a constant building pressure level.
The customer proposes to alter their existing AHU configuration to allow recirculation air during
heating operation. In order to implement this strategy, outside air dampers will be installed on
the OA inlets. Additionally, the return fans associated with each air handler — which were
installed at the time of building construction in the 1960s but never commissioned due to a midconstruction design change — will be commissioned to allow recirculation air. The return fans
will additionally be outfit with variable speed drives. DDC controls will be updated to allow
operation with the proposed control strategy. The project is anticipated to save 60,955.2 therms
per year and cost $137,204.00 to implement. The utility is offering a $60,955.20 incentive for
this project paid at a rate of $1.00 per therm saved. The chosen incentive rate is consistent with
Customized Retrofit Program policies.
Summary of Review
The Investor-Owned-Utility (IOU) submitted the following documents on 11/03/2013 in
response to a Data Request (DR) for this Phase I review:


Project Application (PA) Review Form



A project description document including a statement of influence



Preliminary savings calculations



Cost quotes for equipment and labor



Conversation records between program staff and the customer



Select equipment cut sheets

Eligibility & Baseline
The IOU characterizes the proposed measure as a Retrofit Add-On since the building does not
currently have AHU OA dampers. During the initial review of this project it appeared that
installing OA dampers would trigger Title 24 requirements for ventilation systems under clauses
pertaining to alterations. However, a thorough review of code revealed that economizer/OA
system prescriptive requirements are not triggered even if installing OA dampers is an alteration.
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As such, the project is eligible and rightly characterized as a Retrofit Add-On. Because the
measure is a Retrofit Add-on, the IOU is correct in utilizing the pre-existing condition as the
project baseline.
Preliminary Savings Estimate Review
Savings were estimated utilizing a dry-bulb temperature bin spreadsheet analysis. The analysis
only accounted for the gas savings resulting from reducing the amount of outdoor air brought
into the building during heating operation. Cooling energy savings were not estimated because
the facility will still use 100% outside air during cooling operation. The analysis did not account
for the impact that activating the previously un-commissioned return fans would have on fan
energy consumption. The IOU PA reviewer argued that because the combined airflow through
the return and exhaust fans is not expected to change following measure implementation, the
change in fan energy use should be negligible. This contention will be addressed below.
Gas savings were accounted for using a simplified psychometric analysis. For each 2-degree
temperature bin below 58 °F — the change-point temperature at which the building is assumed
to switch from heating to cooling, and therefore from minimum OA to 100% OA in the proposed
case — the difference between the baseline and post-retrofit gas consumption was effectively
calculated as follows:
(

)(

)

Where,

A few clarifications are warranted for the above equations.


The design CFM specified is the gross design CFM for all three air handlers combined.



All three air handlers are assumed to operate at 40 Hz in heating mode based on 1) an
observation made at the time of the site visit, and 2) subsequent discussions with the
building engineer.



The return air temperature utilized in the mixed air calculation is assumed to be 75 °F.



The post-installation minimum outdoor air fraction is assumed to be 45.6% based on the
Title 24 ventilation requirement of 0.15 CFM/square foot for the
square feet of
affected office space. This corresponds to a requirement of 119,700 CFM of ventilation
air during building operations.



The boilers are assumed to operate at their high fire rated combustion efficiency of 82%.

The CPUC’s review staff believes the preliminary gas savings analysis, as currently constituted,
is sufficient for the PA stage. CPUC staff however rejects the contention that the measure’s
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impact on fan energy use will be negligible. Activating the return fans and adjusting the control
strategy to maintain the desired OA flow may sufficiently affect the dynamics of the fan systems,
and therefore, the fan energy use associated with the project should be considered.
Understandably, the net impacts are as yet unclear; the total static pressure (TSP) that the supply
fans (SFs) are operating against will change, the exhaust fans (EFs) will operate at lower speeds,
and the return fans (RFs) will operate at an unknown speed with an indeterminate TSP. The
energy use associated with the current fan operations, however, should be documented so that
post-installation fan energy use may be reasonably compared with pre-retrofit conditions.
According to PA documentation, the SFs currently operate in a very small frequency range (SF:
40-45 Hz in heating, 50 Hz in cooling); the RFs should, therefore, be expected to operate in a
small frequency range as well. Facility or IOU staff should, at minimum, take a spot power and
speed reading of each fan (SF and EF) in the pre-retrofit condition during both cooling and
heating operation. These readings will provide a datum for comparison purposes during the postimplementation IR review.
CPUC is not requesting a verification of either the gas or electric consumption of the in situ
equipment operation at this time. CPUC staff believes that the gas savings calculations are
reasonably robust given the limited available data pre-retrofit. However, since the net impact of
the fan component of this project is highly uncertain, specific fan savings estimates are requested
for the post-installation inspection IR savings true-up.
The IOU is currently proposing no M&V beyond post-installation verification. While this project
will almost assuredly save a considerably amount of energy, CPUC staff requests that a low rigor
level post-installation M&V (as described in the Summary of CPUC Staff Requested Action by
the IOU section below) be conducted in order to true-up the PA savings estimate.
Review Conclusion
The ex ante savings are conditionally approved contingent upon post-M&V true up and inclusion
of a fan savings/penalty calculation.

Summary of CPUC Staff Requested Action by the IOU
CPUC Staff requests that the IOU undertake the following proposed low-rigor, short-term
metering and spot measurement activities during the post-install energy savings true-up period:
Proposed low-rigor M&V Protocols


CPUC

Presumably, following measure implementation, the supply, return, and exhaust fans will
still operate at stable speeds in a narrow range. To verify take spot power and speed
readings from all affected fans while they are operating in the narrow speed ranges
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corresponding to heating and cooling operation. These data will support inclusion of the
aforementioned fan savings (or penalty) estimates in the savings analysis.


Conduct two (2) weeks of fan speed (Hz or % speed for SFs, EFs, and RFs) EMS trends
are additionally requested to identify the building’s airflow and fan power requirements
in response to changing ambient conditions and time of day. If fan speed trending is not
capable with the current EMS, then amperage logging of the fans is requested. These data
will be useful in calibrating the “change-point” temperature used in the savings
calculations to actual operations since the building’s transition from cooling to heating
should be marked with a decrease in fan speed.



Trend AHU SAT and OA damper positions for two (2) weeks following measure
implementation. These data will assist in more accurately defining a building “changepoint” temperature estimate. Additionally, these data will add clarity to how the proposed
strategy (i.e. running 100% OA during “mostly cooling mode” and minimum OA during
“mostly heating mode”) is actually implemented.



Also trend the actual building return air temperatures for two (2) weeks to true-up the
return air temperature value utilized in the mixed air temperature portion of the
calculation.



Collect the testing, adjustment, and balancing (TAB) report following project
implementation to determine the OA volumetric flow rate through the new OA dampers
during heating operation post-retrofit. These data will allow a true up of the outdoor air
fraction utilized in the analysis, and may allow an overall adjustment of the design
airflow assumptions taken from the building’s original mechanical schedule (assuming
supply flow data are included in the TAB report).



Perform several boiler combustion tests to confirm the boiler efficiencies utilized in the
analysis. Additionally a 1% or 2% deduction in boiler efficiency should be included in
the analysis to account for the difference between combustion and thermal efficiency.
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