
Award Category
Monitoring-Based 
Commissioning

Dutton Optimizations
Calibrated faulty 
temperature sensors

Provided end-of-line 
duct static pressure 
reset control strategy for 
air handlers

Installed VFDs on 
heating hot water (HHW)
pumps and instituted 
end-of-line pressure 
reset control strategy

Proportional-integral-
derivative loop control

Chemistry 
Optimizations
Identified duct air 
leakage

Removed duct 
air-extractors from 
original ductwork

Replaced 3-way HHW 
terminal reheat coil 
valves with new 2-way 
valves

Installed direct digital 
controls to the zone-
level reheat coils 

Rebalanced and 
re-proportioned 
laboratory supply air

UC Davis Dutton Hall and  
Chemistry Building MBCx
As part of a successful campus-wide effort at UC Davis, monitoring-based 
commissioning (MBCx) at two buildings implemented new control strategies 
and air balancing to achieve significant results. The two MBCx projects yielded a 
combined 33 percent energy savings and a simple payback of 3.9 years.
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Two monitoring-based commissioning 
projects at the University of California, 
Davis, Dutton Hall and the Chemistry 

Building, used traditional MBCx measures 
including enhanced operational control 
sequences, repair of faulty sensors and actu-
ators, and complete testing and air balancing 
of zones served by variable-air volume (VAV) 
boxes. These measures were combined with 
staff training and extensive control upgrades 
to help ensure persistence of savings in these 
two enhanced MBCx/retrofit projects. 

Two common strategies unite the commis-
sioning efforts at the two buildings: imple-
menting new control strategies, and air 
balancing. In the Chemistry Building, controls 
were upgraded and reprogrammed to reduce 
reheating, and temperature resets were imple-
mented. The building requires 100 percent 
outside air for cooling which in Davis can reach 
100°F in the summer. Before commissioning, 
outside air was being cooled down to 50°F 
and then reheated to 68-72°F; new control 
sequences allowed the outside air to be cooled 

only to 60-65°F, saving both cooling 
and reheat energy. 

At UC Davis many talented 
people are brought together 
for energy conservation.  
Each one is from a different 
sector of the industry; talents 
include engineers, finance 
experts, and administrators. 
This interdisciplinary team 
approach is brought to bear 
on every project.

At Dutton Hall, numerous control 
system improvements were initi-

ated. Although sensors had originally been 
installed for system monitoring, the existing 
control system lacked the ability to read this 
sensor data. As part of the upgrade, Dutton’s 
control system was moved from a local control 
system (which lacked the ability to interface 
with the central plant) to the campus-wide 
energy management system (EMS), and was 
upgraded to zone-level direct digital control. In 
addition, the time-of-day programming for the 
main air handling equipment was corrected. 
Prior to the MBCx project, systems ran 24/7, 
but by implementing a time-of-day strategy, fan 
energy use could be reduced significantly at 
night. Upgrades to Dutton’s controls and new 
variable frequency drives (VFDs) for heating 
hot water reduced reheating energy use and 

Dutton Hall. Image: UC Davis.

Dutton Hall and the Chemistry Building 
presented contrasting MBCx challenges. 
Constructed in 1994, Dutton Hall primarily 
houses office functions and was proposed 
as a candidate for MBCx due to the lack of 
previous HVAC commissioning, various tenant 
improvements that had been made since 
the building’s construction, and the build-
ing’s overall high energy use. The Chemistry 
Building on the other hand, was built in 1966 
and supports energy intensive research activi-
ties and also houses offices, classrooms, 
and lecture halls. This older building was 
an appropriate MBCx candidate as it had 
constant air volume, an excessive number of 
fume hoods, and was frequently too hot in 
summer and too cold in winter. 



lowered the building’s main equipment 
energy consumption. The new VFDs now 
provide only the minimum amount of 
supply air needed. 

A second strategy common to both of 
the MBCx projects was the testing and 
rebalancing conducted to verify and 
provide the proper amount of supply 
and exhaust air flow rates. Addition-
ally, where possible, air flow rates were 
reduced from the original design values 
to be in accordance with current energy 
efficiency codes and standards which 
allow for lower air change rates. These 
efforts contributed to the project’s energy 
savings by moving and conditioning less 
supply air.

Air handler settings typically drift. 
A valve will lose its precision, there 
may be slow degradation with some 
systems, or a power failure will 
cause a system to lose its time-
of-day programming. Trend analysis 
is an effective way to identify such 
problems.
These projects exemplify a broad and stra-
tegic campaign that UC Davis has under-
taken to achieve a critical milestone for deep 
campus energy reductions. The school’s 
2010 MBCx portfolio of eight buildings, with 
accompanying control upgrades, achieved 
a 15 percent reduction of whole-building 
energy use, has a high expectation for 
persistence of savings, and an overall simple 
payback of 7.4 years, before incentives. In 
general, the campus has seen its energy 
use intensity drop dramatically since 2006, 
from 236 to 169 kBtu/ft2, a decrease of 28 
percent. Although the campus building area 
has increased 16 percent during this time, 
gross energy consumption has decreased 18 
percent. For these two particular buildings the 
MBCx process yielded a 33 percent whole-

Annual Energy and 
Cost Savings
Dutton Hall:

Electricity: 286 MWh  
(34 %)

Natural Gas: 300 
therms (2 %)

Chilled Water: 43,100 
MMBtu (19%)

$28,235

Chemistry Building: 

Natural Gas:  
230,680 therms (57%) 

$320,000

Size
Dutton: 41,200 ft2

Chemistry: 125,700 ft2 

Cost
Dutton: $277,527  
(In-house fees)

$84,139  
(Consultant fees)

Chemistry: $135,466 
(In-house fees)

$65,000  
(Consultant fees)

Completion Date 
2010 

Contacts
Project Manager:   
Mark Nicholas  
manicholas@ 
ucdavis.edu

Sustainability Manager: 
Allen Doyle 
apdoyle@ucdavis.edu

EnerNOC Project 
Manager:   
Mark Goldberg 
mgoldberg@ 
enernoc.com

Best Practices case studies are coordinated by the 
Green Building Research Center, at the University 
of California, Berkeley.

The Best Practices Competition showcases        
successful projects on UC and CSU campuses to 
assist campuses in achieving energy efficiency and 
sustainability goals. Funding for Best Practices 
is provided by the UC/CSU/IOU Energy Efficiency 
Partnership.
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building source energy reduction, with a simple 
payback, of 3.9 years before incentives. 

LESSONS LEARNED
UC Davis’ MBCx team leaders note that it is 
critical to manage building operations not only 
in terms of new loads that are added over 
time, but also to maintain existing systems 
which may drift into inefficient operation. In 
the case of the Chemistry Building, facilities 
staff did not have a comprehensive perspec-
tive of the building’s energy use, as building 
users had added equipment and fume hoods 
with little thought to the impacts these addi-
tions would have on energy use and overall 
ventilation operation. As a result of the MBCx 
process, these additions have been docu-
mented and will be managed as part of the 
building’s strategic energy plan.  

Due to issues with Dutton’s original design, 
annual adjustments to systems, and changes 
that resulted from occupant complaints, some 
systems had drifted well out of optimized 
operation. The MBCx project was able to reset 
these systems to deliver occupant comfort 
and energy efficiency, and to provide effective 
ongoing control as a result of control system 
upgrades. 

Chemistry Building. Image: UC Davis.


