Benefits of Continuous Commissioning®™

The term Continuous Commissioning™ (CCS™) was first used by engineers at the
Texas Engineering Experiment Station’s Energy Systems Lab (ESL) at Texas A&M
University to describe an ongoing process that improves building operation using
measured hourly energy use and environmental data. The first buildings to undergo
a Continuous Commissioning®™ process were in the Texas LoanSTAR program
[Liu, et al, 1994, Claridge, et al, 1994].! These buildings were retrofitted with vari-
ous energy efficiency improvements; measured hourly data were available to verify
that the retrofits were performing as desired and analyze the overall building per-
formance. The ESL engineers applied the CC™ process to LoanSTAR buildings
where it resolved major comfort complaints and decreased whole building energy
consumption by another 15% to 30% [Gregerson, 1997]. The ESL engineers quickly
applied the CCS™ process to other types of buildings, and the results were compa-
rable in savings and comfort improvements.

In this chapter, the economics and other benefits of the CC3™ process are discussed
based on the experience gained from implementing the process in more than 130
buildings. Actual cost and savings data are provided and a detailed example is
presented.

2.1 Economics of CCM

The energy savings and costs are well documented in more than 130 buildings com-
missioned by the ESL. CCSM costs consist of commissioning labor costs, metering
costs, and energy savings determination and reporting costs. Note that the costs of
replacing broken or damaged parts are generally covered by the maintenance bud-
get and have not been charged to the CCS™ effort. The energy savings are normally
determined using measured hourly energy consumption data. No credit is given
to productivity increases by occupants as a result of improved comfort and lower
absenteeism because of lack of documentation of this benefit. Credible anecdotal
evidence, however, suggests that occupant productivity can increase substantially
when facility IAQ and comfort improve.

The costs are tracked using actual labor costs. Table 2-1 summarizes the commis-
sioning labor for Phase 2 and energy savings for 28 of the commissioned buildings.
This table shows the annual savings, the cost of the CCM labor (if the combined
time cost of CC™ engineers and technicians is charged at $100/hour) and the simple
payback.

' LoanSTAR is an acronym for Loans to Save Taxes and Resources, a major public building retrofit program administered by the
Texas State Energy Conservation Office.
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It should be noted that these costs represent the initial commissioning effort. They
do not include metering and reporting costs or cost of the time devoted to the effort
by building facility staff. Nor do they include follow-up labor costs to find and fix
problems related to subsequent component failures or other problems. The simple
payback varies from 0.3 years to 2.0 years. The cost of metering is discussed in de-
tail later in the chapter.

Table 2-1. Savings, Labor Costs and Simple Payback by Building Type for the Commissioning
of 28 Buildings

Building Type Number of Savings ($/1000 Labor Cost ($/ Simple Payback
Buildings ft?/yr) 1000 ft*/yr) (Years)
Hospitals 6 $430 $474 1.1
Laboratory/Offices 7 $1260 $368 0.3
Classroom/Offices 5 $430 $226 0.5
Offices 8 $220 $329 1.5
Schools 2 $170 $336 2.0
Averages/Total 28 $540 $359 0.7

Table 2-2 provides more-detailed information on the initial commissioning labor
costs and energy savings for each of the 28 commissioned buildings. It provides
information on building type, location, floor area, measured annual savings, sav-
ings per square foot of floor area, commissioning labor and the year initial com-
missioning was completed. The measured annual savings varied from $10,000/yr
to $395,000/yr with an average of $90,000, or $0.64/ft*/yr for the 28 buildings. The
measured savings per square foot were strongly dependent on the building type.
Average savings were $1.26/ft?/yr for seven medical research laboratory buildings,
$0.43/ft?/yr for six hospitals, $0.43/ft>/yr for five university teaching and office
buildings, $0.22/ft?/yr for seven office buildings and $0.17/ft*/yr for two school
buildings. It should be noted, however, that the variation between buildings within a
single category is often as great as the variation between building types.

The CC®™ costs are strongly dependent on the building type and building condition,
HVAC system type and size, HVAC system condition and the type and condition of
the building automation system. Generally speaking, higher CC™ costs are directly
associated with more existing mechanical and comfort problems, more complex sys-
tem types, smaller HVAC system sizes, poorly maintained systems and old building
automation systems. The CCS™ cost per unit floor area for particular office build-
ings may be higher than the cost of some hospitals or laboratory buildings due to old
building automation systems (See Table 2-2 for details). The labor cost is a complex
matrix of the factors mentioned above. The cost of implementing CC™ must be de-
termined case by case, based on individual building information.

The commissioning effort in these buildings focused strongly on resolving known
comfort problems and optimizing energy use in the buildings. In some cases, build-
ing owners asked that the commissioning engineers go through the buildings and ex-



amine the operation and control of all parts of the system to specifically identify and
replace any malfunctioning components in addition to dealing with known comfort
problems. In these cases, the labor costs are significantly higher. These problems
must be addressed before complete operational savings potential can be realized.

Table 2-2. Summary of Measured Savings and Cost for 28 Buildings Commissioned Accord- Table 2-2
ing to ESL Continuous Commissioning™ Guidelines
Building Type Location Floor Area | Savings ($/yr) | Savings |Commissioning| Commissioning | Year
(sa-ft) ($/f€ryry | Labor (0rs) | japor (hrikf?)
Monahans 37,000 $19,730 $0.53 558 15.08 1995
Galveston 54,500 $146,000 $2.68 1,080 19.82 1993
Hospital Houston 234,000 $60,626 $0.26 1,080 4.62 1994
Houston 276,000 $50,770 $0.18 900 3.26 1994
Galveston 373,000 $166,000 $0.45 1,152 3.09 1994
Houston 412,900 $153,600 $0.37 1,800 4.36 1995
Sub-total 1,387,400 $596,726 6,570
Average (Per building) 231,000 $99,500 $0.43 1,100 4.74
College Station 114,666 $144,000 $1.26 360 3.14 1996
Houston 120,000 $196,000 $1.63 1,285 10.71 1994
Lab. & Office Galveston 138,000 $170,000 $1.23 540 3.91 1993
College Station 140,865 $226,000 $1.60 270 1.92 1996
College Station 158,979 $44,000 $0.28 180 1.13 1996
College Station 165,031 $395,000 $2.39 540 3.27 1996
Galveston 124,000 $35,040 $0.28 360 2.90 1993
Sub-total 961,541 $1,210,040 3,535
Average (Per building) 137,000 $172,900 $1.26 505 3.68
College Station 113,700 $30,000 $0.26 360 3.17 1996
College Station 130,844 $180,000 $1.38 360 2.75 1996
Class & Office College Station 148,837 $62,000 $0.42 360 242 1997
College Station 192,000 $46,000 $0.24 252 1.31 1996
College Station 324,400 $74,000 $0.23 720 222 1997
Sub-total 909,781 $392,000 2,052
Average (Per building) 182,000 $78,400 $0.43 410 2.26
Library Galveston 67,000 $31,500 $0.47 180 2.69 1994
Austin 90,000 $13,000 $0.14 720 8.00 1996
Austin 99,000 $36,000 $0.36 756 7.64 1995
Austin 102,000 $10,000 $0.10 540 5.29 1996
Office Austin 121,000 $28,800 $0.24 72 0.60 1996
Austin 153,000 $43,600 $0.28 36 0.24 1996
Austin 282,500 $46,000 $0.16 720 2.55 1995
Austin 390,000 $100,500 $0.26 1,224 3.14 1995
Sub-total 1,237,500 $277,900 4,068
Average (Per building) 176,800 $39,700 $0.22 580 3.29
Fort Worth 62,400 $14,300 $0.23 270 4.33 1993
School Fort Worth 92,900 $11,800 $0.13 252 2.71 1993
Sub-total 155,300 $26,100 522
Average (Per building) 77,650 $13,050 $0.17 260 3.36
Total 4,718,522 $2,534,266 16,927
Average 168,500 $90,500 $0.54 605 3.59
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Metering is important to develop energy baselines, evaluate CC™ energy savings
and identify operation and control problems. The parameters metered vary with
the type of metering used. Use of utility bills requires both monthly electrical and
gas bills. Use of short-term monitored data requires hourly chilled water energy or
chiller electricity, heating water energy or gas consumption, possibly whole building
electricity consumption, and/or electricity consumption of selected end uses such as
fan motors.

Use of long-term hourly data requires chilled water energy or chiller electricity, hot
water/steam energy or gas consumption and building electricity consumption. Light-
ing and motor control center electricity may be sub-metered in some cases. How-
ever, the additional costs of metering the lighting and motor control center electricity
limit access to this data.

Metering costs depend on the type of metering used: utility bills, short-term moni-
toring with dedicated meters, long-term monitoring with existing meters or long-
term monitoring with dedicated meters. The reporting cost also often correlates with
the type of metering used. Table 2-3 lists the average metering and reporting costs
for a typical building. Although costs will vary greatly depending on the complex-
ity of the building and the location of the building, the average cost of metering and
reporting varies from $1,500 to $20,500. Some methods may not be suitable for a
particular project due to specific accuracy requirements. In addition, use of utility
billing data (see chapter 1) will not provide diagnostic benefits for follow-up ser-
vices. The type of metering should be selected based on the interests of the owner,
potential savings opportunities, and the overall CC™ plan.

Table 2-3. Typical Costs for Metering a Building and Reporting Savings for One Year

Approach Metering Cost Reporting Cost Total Cost
Utility Bills $1,500 $1,500
Short Term Dedicated Meters $5,000 $5,000 $10,000
LongTermwithExistingMeters $4,000 $3,500 $7,500
Long Term with Dedicated $17,000 $3,500 $20,500
Meters

If the savings are determined from the utility bills before and after Continuous
Commissioning®M, there is no metering cost. The staff may directly compare similar
months of utility bills before and after CC3™. This is the least-accurate approach and
should not be used unless it can be shown that the facility energy use is independent
of weather, has the same occupancy level before and after CCSM, uses the same op-
erational schedule before and after CCS™ and the expected savings are greater than
15% of the total energy consumption. If a more formal comparison is done that con-
siders billing period length, corrects for weather variations and provides a formal
report, a typical cost would be $1,500.



When portable meters or loggers are used to measure whole-building electricity,
chilled water, and hot water consumption for a short time period (one or two weeks),
the cost varies from $3,000 to $10,000 with a typical cost of $5,000. This cost in-
cludes labor and travel (2 trips) to the building, meter hook-up, recording data for
two weeks and the associated meter rental.

When short-term data are used to determine annual savings, a simplified hourly
simulation model must be calibrated to the short-term data and a longer period of
utility billing data. The modeling effort varies greatly according to available data,
building type and size, and HVAC system and operational schedules. This cost can
vary from $3,000 to $10,000 per building, but is typically $5,000.

When an EMCS is used to measure whole building electricity, chilled water, and hot
water consumption with existing meters, the cost may vary from essentially zero
(if all sensors are already present) to $20,000 or more if a complete set of new sen-
sors and channels must be added to the system to record heating, cooling and other
energy use. The cost of $4,000 shown in the table assumes that a minimal amount
of new equipment is needed and that existing equipment is calibrated. New meters
with dedicated data loggers can be installed to measure whole building heating,
cooling and electricity use. The cooling use may come from metering the chiller
and associated parasitic electricity use, or metering chilled water energy consump-
tion. Likewise, heating consumption may come from metering heating water energy
consumption or boiler gas consumption. The metering cost may be below $10,000
when only whole-building electricity and gas consumption are measured. Note that
gas is typically measured by adding a signal splitter to the existing gas meters due
to the higher cost associated with installing a dedicated gas meter. The metering
cost is approximately $15,000 for a building where chilled water and hot water are
to be measured. When there are multiple transformers, metering costs can easily
exceed $20,000 including data acquisition and analysis.

When hourly data are available, a statistical regression model can be used to deter-
mine the savings accurately. The cost varies from $3,000 to $4,000 per building.
This cost includes the baseline model development, database management, savings
analysis and reporting.

The metering cost is likely to decrease as more meters are installed as part of build-
ing automation systems. When existing meters are used, sensor calibration should
be conducted first to verify the sensor accuracy and operating range. For example,
a differential pressure transmitter with a 100 in H,O range may be used to transfer
a signal with a maximum value of 10 in H,O. In this case, the sensor should be re-
placed due to a mismatch of the signal range with the sensor range.

2.2 Benefits of CCSM

The CC™ process uniquely combines four features that make it an attractive engi-
neering process. These four features are (1) sustainable engineering solutions to
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operational problems, (2) superior energy and comfort performance, (3) increased
staff skills and (4) service as an enabling factor for a comprehensive facility over-
haul. Each feature is discussed below and examples are given.

2.2.1 Sustainable Engineering Solutions for Operational Problems

Sustainable engineering solutions are often not used to solve existing operational
and comfort problems in buildings. Part of the reason is a lack of understanding
of the problems and a lack of engineering knowledge by some facility operations
staff. During the CCS™ process, a thorough engineering inspection is conducted and
measurements are made. Sustainable engineering solutions based on fundamental
engineering principles are developed and implemented. This will generally solve the
existing problems and decrease the maintenance cost.

CASE STUDY EXAMPLE:

Four large hearing rooms in a new state building could not maintain room tempera-
ture at the required set point (72°F) when a large number of people used the facility.
In an attempt to resolve the problem, users of the facility were required to inform
the operating staff 24 hours before each scheduled use. The operating staff then pre-
cooled the room temperature to temperatures as low as 66°F before a meeting. The
room temperature could then be maintained below 74°F if the meeting lasted less
than three hours. However, cold complaints often occurred at the beginning of the
meetings and hot complaints occurred later, particularly in longer meetings.

After a thorough analysis, the CCS™ engineers developed the following solutions.
The supply air static pressure and temperature were reset based on the maximum
terminal box damper position. If the maximum terminal damper position is less than
80% open, the supply air temperature is reset to a higher value but should not exceed
the high limit determined by the room relative humidity requirement. The static
pressure set point is decreased but may not decrease below a low limit setpoint. If
the maximum terminal box damper position is more than 80% open, the supply air
temperature is reset to a lower value and the static pressure is reset to a higher value.
The room temperature set point remains at 72°F. Since the building has a modern
EMCS, this type of sophisticated control and schedule were easily implemented by
building operators. This control schedule provides more than the design cooling
capacity to the hearing room when it is required. The “additional capacities” come
from the system diversity. When a hearing room required maximum cooling, other
rooms served by the same unit had less than the design cooling load. This improved
schedule made the occupants more comfortable, decreased energy consumption and
reduced complaints for the operating staff .

2.2.2 Superior Energy and Comfort Performance

Design engineers face uncertainties in building design because they lack knowledge
of actual occupancy levels and construction quality. To insure a workable building,
HVAC systems are often designed with more capacity than required. Conservative



operation and control schedules are recommended. The HVAC engineers often pay
little attention to part-load control and operation. Consequently, working as de-
signed, a system may have poor energy performance. In addition, an excessively
large system often creates comfort problems since it may not control well under
very low load conditions.

During the CCS™ process, accurate occupancy and operational information are
available. The CC™ engineers can develop an improved or practical optimal op-
eration and control schedule based on the information gathered during the CC™
assessment. Moreover, the CCS™ engineers can fine-tune their schedules to ensure
the best performance. Implementing the CC™ process often results in additional
energy savings for both retrofit projects and new construction projects [Claridge et
al. 1996, Liu et al. 1998].

CASE STUDY EXAMPLE:

Figure 2-1 compares the annual energy costs before retrofit, after retrofit and after
CC%M in three major medical facilities. The measured savings from CCS™ are higher
than the retrofit savings in two of the facilities and slightly less than the retrofit
savings in the third facility. The CCS™ costs were a small fraction of the retrofit
(capital) costs. The equipment replaced or upgraded was important to these facili-
ties. However, in each of these three cases the retrofits were considered “completed”
even though significant savings ($2,471,000/yr) resulted from commissioning of the
retrofits and the facilities.
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Figure2-1.EnergyCostsBeforeRetrofit, AfterRetrofit,and A fterRetrofitand CCMatUniversityof Texas, Health Sci-
enceCenter(UTHSC),Universityof TexasMedical BranchatGalveston(UTMB), Universityof Texas,M.D. Anderson
Cancer Center (MDA)
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2.2.3 Increased Staff Skills

During the CC™ process, the CCS™ engineers work closely with the building staff
to identify operating problems and determine optimal operating strategies. The staff
is also heavily involved in the decisions to implement specific commissioning mea-
sures and may actually implement these measures. Hence, they gain a higher level of
skill and understanding of the engineering principles involved in optimal building
operation. In addition, the staff may attend a training workshop as part of the CCM
process as was done at the Fairview University Medical Center in the case study
described later.

2.2.4 An Enabling Factor for Comprehensive System Overhaul

A comprehensive system overhaul or major system upgrade is often delayed or can-
celed due to lack of funding. This problem can be resolved if savings from the CCSM
process are used to fund the upgrade project.

The CC™ process requires minimal initial investment and produces significant en-
ergy savings as soon as the process starts. Positive cash flow is often achieved in less
than two years. This creates the opportunity to use utility savings to support major
retrofit projects.

The CC™ process can have another significant impact on retrofit projects. It reduces
the audit and engineering analysis cost since major cost-effective measures are nor-
mally identified during the CC3M process. It also decreases the risk of engineering
mistakes during retrofits since the commissioning process results in an excellent
understanding of the characteristics and operation of the existing systems. Conse-
quently, retrofit costs can be controlled to a minimum.

CASE STUDY EXAMPLE:

Texas A&M University initiated campus-wide CCSM in 1995. A comprehensive en-
ergy information system was installed in 80 major buildings and five central plants
at a total cost of nearly $1,000,000. The CCM started in May 1996 after energy base-
lines were established for several buildings. The annual budget since 1996 for CCSM,
data acquisition, and reporting is approximately $600,000. Figure 2-2 presents the
accumulated savings, cost, and net cash flow from May 1995 to May 2001. Positive
cash flow was achieved in approximately two years. In smaller projects, positive
cash flow has often been achieved in less than one year.

The positive results of the CC3M project accelerated the process of upgrading the
campus EMCS systems. Since 1996, central EMCS systems have been installed in
45 buildings and nine pumping facilities.
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2.3 CC*™ Project Example

Riverside North is an extended-care mental health facility built in 1962 as one of
the Fairview University Medical Center hospitals in Minneapolis, Minnesota. The
gross floor area is approximately 37,300 sq. ft. on four floors, excluding the base-
ment. The building receives steam from a district steam plant and chilled water
from a central campus plant. Two major air-handling units (AHUs) serve the entire
building with induction terminal units. The AHUs each have 20 hp. supply fans and
10 hp. return fans operated at a constant speed 24 hours per day. Hot water sup-
plied by steam to hot water converters is circulated to reheat coils and supplemental
perimeter radiation by four 7.5 hp. pumps. The supplemental perimeter radiation
system was turned on manually at outdoor temperatures below approximately
10°F and was automatically reset over a range of 120°F to 180°F when the outside
air temperature varied from 10°F to -20°F. Chilled water is circulated through the
building by a 10 hp. pump with a variable frequency drive located in the basement.
The building has unitary controllers and a supervisory control building automation
system.

The CCSM engineers were responsible for training technicians, identifying CCM
measures, conducting the engineering analysis and supervising in-house techni-
cians during the field measurement and implementation phases. As part of the
training, a two-day workshop was provided to participating technicians and other
key facility staff. The CC™ engineers participated in the initial field measurement
process since the building is relatively small.

After the engineering analysis, six CCSM measures summarized in Table 2-4 were
identified.

Figure 2-2
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Table 2-4. CC Measures Identified/Implemented at Riverside North

Measure and Details

1. Reduce total supply airflow from 1.7 to 1.1 cfm/sq.ft.
e Change supply and return motor sheaves, reduce fan speeds
e  Follow up with necessary fixes to maintain comfort
2. Reduce outside air from 17,300 cfm to 6,660 cfm
e Reduce fan speeds and properly match supply and return speeds
e Repair OA dampers and actuators
e Readjust minimum OA damper position based on measured OA flow
3. Reset supply air temperature as a function of outside air temperature
e Replace constant temperature pneumatic controller with Trane stand-
alone controllers tied into the existing Trane supervisory control
e  Switch from constant 55°F supply air to a reset schedule between 53°F
and 65°F
e  Follow up with necessary fixes to maintain comfort
4, Automate and increase reset of reheat water temperature as function of
outside air temperature, reduce reheat water flow rate
e Switch from manual reset between 180°F water in winter and 150°F
to 160°F in summer to automatic reset between 180°F water at -20°F
OAT and 110°F at 90°F OAT, using spare points on existing unitary
controller
e Reduce reheat pump flow with manual valve
5. Automatically cut off perimeter radiation above 10°F outside air
temperature using spare points on existing unitary controller
6. Implement zone-level fixes to assure comfort
e  (Clean nozzle plates in induction units
e  Repair leaking reheat valves
e  C(Calibrate thermostats

e  Spot-balance air flows

At the owner’s request, a new unitary Trane controller replaced the existing pneu-
matic controller. All existing sensors of the AHU systems also were replaced with
new ones. The energy savings were determined using short-term measured data.
Figure 2-3 compares the measured heating energy consumption before and after
CCSM measures were implemented. A significant reduction in cooling energy use
was also achieved as noted in Table 2-5.
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Table 2-5 summarizes the measured energy cost savings, cost and payback. The
measured annual energy cost savings are $45,512 including $10,906 for fan power,
$5,700 for chiller power, $65 for radiation pump and $28,841 for heating. The total
project costs were $40,146 including $10,850 for controller and sensors, $19,296 for
CCM engineers and approximately $10,000 for in-house labor for technician par-
ticipation in training, field measurement and implementation. The simple payback

was 0.9 years.

Table 2-5. Savings and Costs at Riverside North

Savings
End Use Source Electricity| Demand | Steam
(kWh/y) | (kW/mo) | (10° Btu) | Dollars
Fan Measured true power pre — post| 218,124 24.9 -- $10,906
Chiller |Modeled based on change in 114,000 334 -- $5,700
supply air flow and temp
Radiation |Estimated 1,300 -- $65
pump
Reheat [Measured energy + bin analysis -- 3,770 | $28,841
Total 333,424 58.3 3,770 | $45,512
Costs

Equipment & materials (Trane Controller and a few sensors) $10,850

Engineering $19,296

In-house labor $10,000

Total $40,146

2.4 Summary

The Continuous Commissioning®™ process typically provides payback in less than
three years and often in less than two years. Project duration typically varies from

three to six months per building.

Figure 2-3

Table 2-5
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The CCSM process improves building comfort and decreases maintenance cost. It
also provides significant benefits to the owners by (1) identifying potential energy
retrofits, (2) upgrading the technical level of in-house staff and (3) providing energy
savings that may be used to finance a comprehensive facility overhaul or upgrade.
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