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I. Introduction 

The Lois and Richard Rosenthal Center for Contemporary Arts (CAC), located in Cincinnati, Ohio is 
committed to large-scale energy reduction. The CAC’s goal is to achieve a 50% energy reduction as 
compared to their 2003 baseline by 2030. Prior to 2023, CAC made some progress toward this goal by 
implementing their own initiatives. CAC partnered with HEAPY to identify additional energy reduction 
opportunities through an ASHRAE Level III audit. The energy audit was supported by the Frankenthaler 
Climate Initiative and the Ohio Department of Development’s Energy Audit Grant Program. 

Built in 2001, the seven-story museum has been noted for its distinct asymmetrical design and integration 
with the urban cityscape. Its 2003 baseline Energy Use Intensity (EUI) is 250 kBTU/ft2-year. The current 
energy performance is 203.4 kBTU/ft2-year for the 12-month period ending April 2022, an improvement 
from the 2003 baseline due to self-directed initiatives such as limited equipment scheduling.  

The ASHRAE Level III audit included a detailed review of existing construction documents, a physical 
survey of the building with its existing systems and an analysis of the building’s historical utility usage and 
costs. The physical survey and utility analysis were the basis for a calibrated energy model of the building, 
which enabled reliable energy reduction calculations for ECMs and performance predictions for the HVAC 
systems. The physical site review, and subsequent discussions with Schneider Controls, provided further 
insight into the building’s current performance. Schneider also provided cost estimates for economic 
feasibility analyses.  

The rigor of ASHRAE Level III principles incorporated in this analysis produced investment-grade quality 
results. The audit identified three key recommendations for further consideration. The economic and energy 
impacts are summarized below in Table 1 and Table 2. Together, the three measures will result in a cost 
savings of $50,900 annually and will reduce the building’s EUI by 64.6 kBTU/ft2-year. The energy reduction 
will improve CAC’s EUI to 138.8 kBTU/ft2-year, a 44% improvement over the 2003 baseline. 

Table 1: Economic Summary of Recommended Energy Conservation Measures at CAC 

 
Energy Conservation Measures (ECM) 

Identified 

Estimated 
Cost Savings 

($/year) 

Estimated 
Investment 

Cost ($) 

Simple 
Payback 
(years) 

ECM-1 Automate Monthly Energy Reporting $3,200 $9,500 3.0 

ECM-2 Balance Existing AHU Systems $5,000 $60,000 12.0 

ECM-3 
Replace Existing Building Automation 
System (BAS) 

$42,700 $299,000 7.0 

 Total of all Measures    $50,900 $368,500 7.2 

  

Table 2: Energy Summary of Recommended Energy Conservation Measures at CAC 

 
Energy Conservation 

Measures (ECM) Identified 

Estimated 
Electric 

Reduction 
(kWh/year) 

Estimated 
Natural Gas 
Reduction 
(ccf/year) 

Estimated 
Chilled Water 

Reduction 
(ton-hour/year) 

Estimated 
EUI 

Reduction 
(kBTU/ft2-yr) 

ECM-1 
Automate Monthly Energy 
Reporting 

14,200 1,700 12,800 4.6 

ECM-2 Balance Existing AHU Systems 15,800 3,100 31,200 8.6 

ECM-3 
Replace Existing Building 
Automation System (BAS) 

93,000 10,000 238,000 51.4 

 Total of all Measures    123,000 14,800 282,000 64.6 
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II. Facility Overview 

Building 

The Lois and Richard Rosenthal Center for Contemporary Arts (CAC) is a signature building located in 
downtown Cincinnati, OH. The seven-story museum is approximately 82,265 square feet and includes 
galleries, office spaces, meeting rooms, a gift shop, a black box theater, administrative space, and a full-
service kitchen.  The CAC serves as an art museum, event space, learning center and restaurant.  
 
The CAC building was designed by Zaha Hadid and is noted for its angular architecture, with a concrete 
and glass façade. The design features vertical cubes and voids on the building’s exterior and an innovative 
‘urban carpet’ element to connect the outdoor sidewalk with the inside of the building, acting to invite the 
city into the museum. A floating grand staircase connects the multi-floor gallery spaces. 

 

   
Figure 1: Lois and Richard Rosenthal Center for Contemporary Arts (Southeast Exterior) 

HVAC CAC’s HVAC systems are operated to prioritize consistent temperature and humidity levels in the 
gallery spaces rather than comfort conditions as in other commercial buildings. CAC must confirm the 
facility’s temperature and humidity history when procuring exhibits for the museum. Typical unoccupied 
schedules and temperature setbacks are not viable for the gallery spaces. 

 

 

 

 
 

CAC’s HVAC systems are operated to prioritize consistent 
temperature and humidity in the gallery spaces. 



  

 
Contemporary Arts Center  Page 3 of 38 
ASHRAE Level III Audit Report 

Air Side  

CAC has six main variable volume (VAV) air handling units (AHU-1 through AHU-6) that condition the 
gallery spaces, office areas and back-of-house areas. These six units range from 7½ to 40 HP and typically 
have chilled water cooling coils only. AHU-3 also has a hot water heating coil as it is a single-zone unit 
conditioning the lobby’s south-facing glazing. Three 5-HP fans (RF-1 through RF-3) provide relief for the 
lower level through third floor, AHU-5 and AHU-6 respectively.  
 
AHU-7 is a variable volume dedicated outdoor air unit (DOAS) that supplies ventilation air to units AHU-1 
through AHU-6. It has dual chilled water coils to enable maximum cooling and dehumidification in the 
summer months and reduced cooling in the shoulder seasons. The unit also has a humidifier to condition 
dry outdoor air in the winter. AHU-7 operates continuously during the winter months due to start-up 
difficulties after nightly shutdowns. Several VAV terminals connected to AHU-4 and AHU-5 are commanded 
to remain open to mitigate static pressure issues at AHU-7 during lighter-load conditions at night. 
  
Additionally, AHU-8 is a small 1-HP single-zone heating-only constant volume unit that conditions the 
lobby’s east-facing glazing. 
 

 
 

Drawings of the areas served by each AHU are in the Appendix. 
  

Water Side 

CoolCo LLC, in downtown Cincinnati, supplies district chilled water to CAC under a 20-year contract that 
started when the museum opened in 2003. The contract specifies a peak usage of 195 tons, which has 
been reduced from the initial contract capacity of 290 tons. Chilled water is supplied at 40°F and 
consumption is based on a temperature differential of 17°F. CAC circulates chilled water in the building 
until it reaches 57°F and can be returned to CoolCo. 
 
Two 20-HP variable-speed pumps circulate chilled water from the CoolCo connection point on the lower 
level to the AHUs on the first floor mezzanine and upper level penthouse. Schneider replaced several three-
way cooling coil valves with two-way valves to enable variable-speed pumping. 

  
Two Unilux natural gas-fired 3,600-MBH boilers supply heating hot water to AHU-3, AHU-7, AHU-8, VAV 
terminal reheat coils and various unit heaters and fin tube. The boilers operate year-round for both winter 
heating and summer reheat requirements. Two 10-HP constant speed pumps circulate hot water through 
the building. 
 
CAC’s original design employed small steam injection humidifiers at sixteen individual VAV terminals to 
humidify the gallery spaces. In 2004, the injection humidifiers were replaced with two steam boilers and 
sixteen new VAV terminals. These terminal boxes are in the penthouse to eliminate water in the gallery 
areas. 
 

 
 

 

Current Control Strategies  

The building automation system (BAS) is a legacy TAC-branded direct digital controls (DDC) system by 
Schneider. This system was installed when the building was designed and is now approximately 20 years 
old. The BAS is accessed by a single workstation in the facility manager’s office; it does not have remote-
access capability.  
 

 

 

 
 

 

 

 
 

AHU-7 conditions and supplies all outdoor air for AHUs 1 – 6.  
It runs continuously during the cold weather season. 

CoolCo LLC supplies district chilled water to CAC. 
Chilled water makes up a significant portion of CAC’s energy bill.  
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Control strategies include energy conservation best practices supported by the BAS’s capability. Schedules 
and temperature setbacks are in place for the non-gallery AHUs, although trend data suggests some 
schedules are not operating as intended. Temperature resets are limited by the need to control space 
temperature and humidity levels within a small tolerance. Several valves, dampers, drives, and controllers 
appear to be compromised and not responding to BAS commands.  
 

 
 
Lighting  

CAC originally had fluorescent lighting throughout the building. Approximately 90% of the interior lights 
have been replaced with LED fixtures without ballasts. The outside lighting fixtures are high on the building 
and would require a street closure to access and replace them, so are typically not used. The interior lights 
in restrooms, staff lounges, and the sixth floor are on occupancy sensors. The lighting in the galleries is 
turned off at the end of the day by the security staff. A Lutron 4000 lighting control system, which is original 
to the building, remains in place. 
 

 
 

Domestic Hot Water 

 A natural gas-fired AO Smith Cyclone water heater supplies domestic hot water to the building. 

 
Natural Gas Service 

 A 3-HP booster pump is installed in the natural gas main entering the building in the lower level. The pump 

increases gas pressure for the boilers in the penthouse, especially when hot water and steam boilers fire 
simultaneously. 
 

 

 

 

 

 
 

 

 

 
 

Control strategies are limited by the legacy BAS’s capabilities and the 
small tolerance on space temperature and humidity levels.  

Approximately 90% of the original fluorescent lighting  
has been replaced with LED fixtures.  

chucklohrepro
Highlight
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III. Utility Analysis 

Annual Utility Consumption and Costs 

Table 3: Average Annual Energy Usage and Costs at CAC  
(Data period: January 2019 – December 2021) 

Utility 
Average Annual 

Consumption 
(Unit/yr) 

Energy Use 
Intensity 

(kBTU/ft2/yr) 

Average 
Annual 

Utility Cost 
($/yr) 

Average Cost 
of Utility 
($/unit) 

Electric (kWh) 709,800 kWh/yr 28.0  $62,300 $0.088/kWh 

Natural Gas (ccf) 85,900 ccf/yr 102.3 $47,800 $0.556/ccf 

Chilled Water (ton-hrs) 637,500 ton-hrs/yr 88.4 $155,400 $1.000/ton-hr 

Total 18,900 MMBTU/yr 218.7 $265,500 $3.23/ft2 

 

 
Figure 2: Annual Energy Consumption by Utility at CAC 

CAC’s average annual electric, natural gas, and chilled water consumption and costs for the three-year 
period of January 2019 – December 2021 are summarized in Table 3 and Figure 2. Energy usage is 
weighted towards natural gas (48% of total usage) and chilled water (40% of total usage), while electricity 
accounts for only 12% of the total energy usage. The building’s energy consumption declined in 2020 due 
to reduced building occupancy and activity during the pandemic. Occupancy and activity levels recovered 
somewhat in 2021 but are not yet at pre-pandemic levels. Energy costs were lower in 2021 than the other 
two years analyzed, as electric supply costs from Dynegy reduced from $0.051/kWh to $0.042/kWh in late 
2020. 
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Natural gas (48% of total usage) and chilled water (40% of total usage) 
account for the bulk of CAC’s total energy consumption. 
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The building’s average Energy Use Intensity (EUI) over the three-year period is 218.7 kBTU/ft2-year. The 
EUI associated with the period of January – December 2021 is 211.7 kBTU/ft2-year. From the CAC’s 
ENERGY STAR portfolio, the most recent data for the 12 months ending in April 2022 results in an EUI of 
203.4 kBTU/ ft2-year.  

CAC is using its 2003 EUI of 250 kBTU/ft2-year as a baseline for the 50% energy reduction goal by 2030. 
Compared to that baseline, the current EUI of 203.4 kBTU/ft2-year represents an 18.6% reduction already. 

 

Electricity Use 

Electricity accounts for only 12% of CAC’s total annual energy consumption. The CAC building uses 
electricity for lighting, HVAC fans and pumps, refrigeration, cooking equipment and various plug loads. 
Since cooling is provided by the district chilled water, the building’s electric usage is generally not weather-
dependent. Electric usage increases slightly in winter months, which is influenced by operating AHU-7 and 
several VAV terminals continuously to mitigate morning start-up challenges. Figure 3 shows the building’s 
three-year monthly trend of electric consumption outdoor air temperature. 
 

 

 
Figure 3: Monthly Electricity Consumption Trend at CAC 

 

Electric Rate Analysis 

Electric transmission and distribution are bundled and billed on Duke Energy’s Service at Secondary 
Distribution Voltage (DS) rate. This is the appropriate rate category for this building’s voltage and monthly 
demand. The rate is demand-based with both demand- and energy-based riders. The demand charge is 
$6.9678/kW. In addition to the demand charge, a monthly customer charge of $46.00 for distribution is 
assessed. Duke Energy defines the minimum billing demand as 85% of the highest monthly kilowatt 
demand established in the summer period and effective for the next succeeding eleven months.  Duke 
Energy’s DS rate, as of November 2022, is summarized in Table 4.  
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CAC’s current  UI of 203.4 kBTU/ft2-year is 19% less than  
its 2003 baseline of 250 kBTU/ft2-year. 

Electric usage is all base load and not weather-dependent.  
Increased winter usage is due to AHU-7 operating continuously.  
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Electric generation, or electric commodity, is supplied by Dynegy Energy Services.  Duke Energy includes 
the commodity charges separately on its monthly bill.  From the November 2022 bill, Dynegy supplies the 
commodity at a flat rate of $0.0424/kWh.  

Table 4: Current Electric Charges at CAC 

Service Provider and Rate Components Rate 

Duke Energy DS Rate (Transmission & Distribution) 

Customer Charge $46.00/month 

Demand, per kW $6.9678/kW 

Applicable riders, per kW and per kWh 
varies; total charges are 

 similar to Demand charge  

Dynegy Energy Services (Generation) 

Energy, per kWh $0.0424/kWh 

 

Natural Gas Use 

Natural gas is the largest component of CAC’s energy usage at   % of the total consumption. The CAC 
building uses natural gas almost exclusively in the central plant to generate heating hot water and steam. 
Heating hot water is supplied for space heating in the winter months and for dehumidification and terminal 
reheat in the cooling season. Steam is supplied for humidification in the heating season. Incidental natural 
gas is used for domestic water heating. Peak monthly winter usage is approximately 12,000 – 13,000 ccf. 
Natural gas usage declined significantly in August and September 2020 with reduced occupancy during the 
COVID-19 pandemic. Figure 4 shows the three-year trend of monthly natural gas usage and heating 
degree-days. 

 

 
Figure 4: Monthly Natural Gas Consumption and Heating Degree Days at CAC 
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Natural gas is the largest component of CAC’s energy usage.  
It supplies heat, terminal reheat, humidification and dehumidification. 
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Natural Gas Rate Analysis 

Duke Energy provides natural gas transportation, or delivery, to CAC on its Firm Transportation Service - 
Large (FT-L) rate.  The base delivery charge is $0.099216/ccf, with additional administrative charges and 
riders. Constellation supplies the natural gas commodity to CAC at a fixed rate of $0.329/therm. Both Duke 
Energy and Constellation’s rates, as of November 2022, are listed in Table 5 below. 

 
Table 5: Current Natural Gas Charges at CAC 

Service Provider and Rate Components Rate 

Duke Energy FT-L Rate (Gas Transportation) 

Base charge, per ccf $0.099216/ccf 

Constellation (Natural Gas Commodity) 

Fixed price, per therm $0.329/therm 

 

Chilled Water Use 

Since chilled water accounts for 40% of CAC’s total energy use and almost   % of CAC’s total energy cost, 
it presents a large opportunity for energy reduction. The building uses chilled water for cooling and 
dehumidification. Chilled water is consumed year-round. Monthly consumption peaks at 80,000 ton-hours 
during the summer months. Approximately 40,000 ton-hours are consumed in mild and cold weather 
months.  The relatively high winter usage could be driven by the lack of economizing in the air handlers and 
overheating ventilation air. High usage could also be driven by the practice of recirculating chilled water to 
attain a 17°F differential before returning the water to the district plant. Figure 6 shows the three-year trend 

of monthly chilled water usage and cooling degree-days. 

 

 
Figure 5: Monthly Chilled Water Consumption and Cooling Degree Days at CAC 
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Chilled water consumption is high during mild and winter months, 
possibly driven by water recirculation and the lack of economizing. 
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Chilled Water Rate Analysis 

Chilled water is provided by CoolCo LLC – District Chilled Water Services. CoolCo’s monthly charges 
include a fixed charge for the contracted capacity and a consumption charge. CAC’s current contracted 
peak capacity is 195 tons. The capacity charge is billed at $34.59968/ton for a fixed charge of $6,746.94 
each month. Consumption charges include a basic charge of $0.9635/ton-hour and an adjustable charge 
which is currently $0.04818/ton-hour. CoolCo’s rate, as of October 2022, is listed in Table 6. 

 
Table 6: Current Chilled Water Charges at CAC 

Service Provider and Rate Components Rate 

CoolCo, LLC – District Chilled Water Services 

Cooling Capacity Charge, per ton 
Contract Capacity = 195 tons 

$34.59968/ton / 
$6,746.94 fixed charge  

Basic Consumption Charge $0.09635/ton-hour 

Adjustable Consumption Charge $0.04818/ton-hour 
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IV. Calibrated  nergy  odel 

An ASHRAE Level III audit uses a whole-building computer simulated energy model to accurately model a 
building’s existing energy consumption and predict its reactions to changes in the energy systems. The 
CAC building was modeled using Carrier’s Hourly Analysis Program (HAP). HAP uses the ASHRAE transfer 
function method for load calculations and detailed 8,760 hour-by-hour simulation techniques for energy 
analysis. A detailed building model, generated from construction drawings, engineered product data and 
site observations, was calibrated to its actual electric, natural gas and chilled water utility bills to create a 
calibrated energy consumption baseline. The calibrated model was adjusted to incorporate the 
recommended energy reduction strategies to accurately predict savings. 

 

The sources for specific model inputs are outlined below: 

Building Location: The simulation used TMY (Typical Mean Year) weather data for 
Cincinnati, OH.  

Building Geometry:  The building was divided into 76 separate conditioned spaces 
corresponding to areas served by existing AHUs and VAV terminals. Space orientations 
and dimensions were obtained from the original (2001) construction drawings by Zaha 
Hadid LTD and HEAPY. 

Building Materials: The construction materials and dimensions of exterior walls, glazing, 
exterior doors, and roof were obtained from original design documents. 

Interior Loads – Lighting:  Lighting fixture counts were obtained from the original drawings. 
Wattages were adjusted to typical LED wattages to model the current upgraded lighting. 
Lighting was scheduled on.  

Interior Loads – Plug Loads: Office spaces were assigned a plug load multiplier of 0.2 W/ft2 
and kitchen spaces were assigned 0.5 W/ft2. Plug loads were not added to gallery or 
storage spaces. Plug loads were scheduled on for 8 hours daily Saturday – Tuesday and 
12 hours daily Wednesday – Friday.   

Interior Loads – Occupants: The number of occupants in each space was determined from 
the indicated space use on the original design documents and supported by onsite 
observations. The “Office  ork” activity level was assigned to the occupants (Sensible-
245 BTU/hr/person and Latent-204 BTU/hr/person). The occupants were staggered on a 
bell-curve schedule 8 hours daily Saturday – Tuesday and 12 hours daily Wednesday – 
Friday.   

Mechanical systems: Eight AHUs and 48 VAV terminals were assigned to 76 spaces as 
shown on the original design documents. AHUs were modeled with chilled water cooling; 
hot water heating was added to AHU-3, -7 and -8. Supply fan horsepower and static 
pressure was taken from the original drawings. AHUs were modeled without economizers, 
as the units were observed onsite to draw all return air. AHU-7 was modeled with 
humidification and dehumidification capabilities. Space thermostat setpoints were 71°F 

cooling and 70°F heating with no setbacks for all AHUs except AHU-6, as observed by 

control trends. Setbacks were added to AHU-6.    

The cooling source was modeled as remote chilled water. The chilled water temperature 

was set at 40°F with no reset. Two 20-HP variable speed pumps were modeled for chilled 

water circulation. 

 

 

 
 

HAP energy model inputs are based on original design documents, 
engineered product data, site observations and current utility bills. 
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The two existing Unilux natural gas-fired boilers were modeled as the heating source. The 
boiler’s input was set at 3600-MBH as observed onsite and efficiency was set at 80%, 
consistent with Power Flame burner product data. Two 10-HP constant speed pumps were 
modeled for water circulation. 

The existing AO Smith natural gas-fired water heater was modeled for domestic water 
heating usage. The heater was set at 199-mbh input with 100 gallons of storage. The water 
heater was modeled with condensing efficiency of 95%.  

Existing Utility Usage: The most recent 12 months of data (January 2021 – December 
2021) provided by CAC was used for calibration purposes. The provided data included 
monthly electric usages (both energy and demand), monthly natural gas usages, and 
monthly chilled water usages as billed by the utilities. 

The HAP model was simulated with the listed inputs in place. HAP provides output in the form of monthly 
electric energy, electric demand, natural gas usage and chilled water usage. The simulated monthly usages 
were compared to existing utility bills to confirm the building and systems are modeled properly and 
calibrated to existing usage. Electric calibration results are shown in Figure 6. The HAP simulation resulted 
in modeled annual electric usage at 93% of the utility bill usage. Natural gas calibration results are shown 
in Figure 7, where simulated annual natural gas usage is 92% of the actual utility bill usage. Chilled water 
calibration results are shown in Figure 8, where simulated annual chilled water usage is 105% of the actual 
utility bill usage. 

Note: Carrier HAP’s energy simulation differs from the building’s 2 21 performance in two ways: 

▪ HAP’s simulation is based on Typical Mean Year (TMY) weather data for Cincinnati OH, which will 
necessarily produce differences between actual weather conditions in 2021. 

▪ HAP’s energy data is compiled according to calendar months. While CoolCo reads their meter 
around the 1st of each month, Duke Energy reads around the 22nd of the month. This nominal 10-
day offset can impact the shape of the monthly modeled and actual usage curves.  

Since modeled annual usage is within 8% of actual 2021 utility bill usage and the model’s monthly usage 
curves parallel the actual usage curves, the model is deemed calibrated to the bills. 

 

 

 

 
 

HAP-simulated electric usage is 93% of the utility bill usage,  
simulated natural gas usage is 92% and simulated chilled water is 105%.  
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Figure 6: HAP Energy Model Calibration Results - Electric Usage and Demand 

 
 

 
Figure 7: HAP Energy Model Calibration Results - Natural Gas Usage 
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Figure 8: HAP Energy Model Calibration Results – Chilled Water Usage 
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V.  nergy Conservation  easures 

As previously discussed in Section III. Utility Analysis, the Contemporary Art Center’s current energy use 
intensity (203.4 kBTU/ft2-year) is higher than expected for a commercial building, even with the center’s 
strict temperature and humidity requirements. The building’s HVAC systems are in reasonably good 
condition and can perform efficiently but have fallen out of tune and are severely impacted by an aging 
BAS. The building’s envelope is in reasonably good condition with no significant breaks or leaks, although 
the interior elevation can present challenges to maintaining positive pressure in the structure. Three energy 
conservation measures were identified for further consideration and are outlined in Table 7 and Table 8. 

Table 7: Economic Summary of Recommended Energy Conservation Measures at CAC 

 
Energy Conservation Measures (ECM) 

Identified 

Estimated 
Cost Savings 

($/year) 

Estimated 
Investment 

Cost ($) 

Simple 
Payback 
(years) 

ECM-1 Automate Monthly Energy Reporting $3,200 $9,500 3.0 

ECM-2 Balance Existing AHU Systems $5,000 $60,000 12.0 

ECM-3 
Replace Existing Building Automation 
System (BAS) 

$42,700 $299,000 7.0 

 Total of all Measures    $50,900 $368,500 7.2 

 

Table 8: Energy Summary of Recommended Energy Conservation Measures at CAC 

 
Energy Conservation 

Measures (ECM) Identified 

Estimated 
Electric 

Reduction 
(kWh/year) 

Estimated 
Natural Gas 
Reduction 
(ccf/year) 

Estimated 
Chilled Water 

Reduction 
(ton-hour/year) 

Estimated 
EUI 

Reduction 
(kBTU/ft2-yr) 

ECM-1 
Automate Monthly Energy 
Reporting 

14,200 1,700 12,800 4.6 

ECM-2 Balance Existing AHU Systems 15,800 3,100 31,200 8.6 

ECM-3 
Replace Existing Building 
Automation System (BAS) 

93,000 10,000 238,000 51.4 

 Total of all Measures    123,000 14,800 282,000 64.6 

Energy cost savings are calculated using the current utility rates for the CAC building, as summarized in 
Table 9. 

Table 9: Energy Rates used in ECM Savings Calculations for the Contemporary Arts Center 

Energy Source Rate 

Electric 

Demand, per kW $13.00/kW 

Energy, per kWh $0.0424/kWh 

Natural Gas 

Blended Delivery and Energy Charge, per ccf $0.428/ccf 

Chilled Water 

Consumption Charge, per ton-hour $0.145/ton-hour 
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ECM 1: Automate Monthly Energy Reporting 

Existing Condition 

CAC currently tracks its energy information manually. Utility bills are processed for payment, then sent to 
the facilities staff for manual entry into historical spreadsheets and ENERGY STAR’s Portfolio Manager 
tool. The facilities staff can receive bills several months after the bills’ original date, leading to delays in 
tracking CAC’s energy performance. Additionally, manual entry allows for input errors that can adversely 
impact the ENERGY STAR score.  

During the period of this study, HEAPY discovered discrepancies such as duplicate bill entries and 
inconsistent energy units. Once corrected, CAC’s calculated EUI in ENERGY STAR improved 12.1 points 
(5%). 

Recommendations 

CAC should engage with an energy bill portal service which automates the collection of utility bills, 
calculation of energy metrics and transfer of data to ENERGY STAR’s Portfolio Manager tool. HEAPY 
recommends the JadeTrack platform, a cloud-based secure platform that automatically imports utility bills 
and line item details from each utility portal, calculates benchmarking metrics and graphics, and 
synchronizes with ENERGY STAR’s Portfolio Manager. JadeTrack’s data is always current because their 
program gathers bills from each utility’s website portal as soon as the bills are posted. JadeTrack 
screenshots for an example building are shown below in Figure 9, Figure 10 and Figure 11. Additional 
information about the portal can be found at jadetrack.com. 

HEAPY provides a monthly report that combines snapshots from JadeTrack’s platform with engineered 
analysis and energy management guidance to keep the building’s performance on target. A brief email 
highlights improvements and areas of concern each month, along with a one-page report that can be shared 
with other stakeholders. A sample report is shown in Figure 12. On average, buildings with the combined 
HEAPY/JadeTrack service have improved their ENERGY STAR scores by 15 points. 

 

 

 

 
 

Current, accurate energy data is crucial for CAC  
to achieve its goal of 50% energy reduction by 2030. 

https://www.jadetrack.com/
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Figure 9: JadeTrack Home Page Example 

 

 
Figure 10: JadeTrack Electric Example 

 

Example Building 
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Figure 11: JadeTrack Natural Gas Example 

 
 

 
Figure 12: HEAPY Monthly Energy Report Example 
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Benefits 

Current, accurate energy data is crucial as CAC strives to achieve its 50% energy reduction goal by 2030. 
Automated utility bill collection and analysis will improve the timeliness of information, eliminate data entry 
errors, and provide critical understanding of the building’s actual energy performance. Automatic 
synchronization with ENERGY STAR’s Portfolio Manager will enable up-to-date benchmarking for internal 
analysis and external reporting. Automation relieves CAC’s accounting and facilities staff from the time and 
efforts for manual utility bill delivery and data entry. 

Additionally, monthly reporting and energy coaching will keep the building on target to achieve its 2030 
energy reduction goal. The combination of timely data and engineered analysis provides valuable insights 
customized to the CAC building.  

Cost 

A one-year subscription of HEAPY’s service combined with the JadeTrack portal is $9,500. This includes 
automated utility bill collection and line item posting for one electric bill, two natural gas bills and one chilled 
water bill, and ENERGY STAR synchronization on the JadeTrack portal, along with a monthly email 
containing HEAPY’s analysis, energy coaching and a snapshot report. Initial JadeTrack portal set-up and 
user training is included. A minimum two-year subscription is recommended to track and ultimately fine-
tune the building’s energy performance. 

Savings 

In a three-year study of 25,000 commercial buildings, ENERGY STAR determined the organizations who 
consistently tracked and benchmarked energy achieved an average energy savings of 2.4%1. Savings for 
this measure are conservatively calculated as 2% of current annual usage.  

Benchmarking savings are supported by the reduction in EUI discovered in the initial stage of this study, 
where duplicate bills and inconsistent natural gas energy units were corrected. This tracking and analysis 
resulted in a 12.1 kBTU/ft2/year ( %) reduction in CAC’s energy benchmark.  

1ENERGY STAR Portfolio Manager Data Trends – Benchmarking and Energy Savings, November 2016  

M & V Plan 

IPMVP Option C – Whole Facility Measurement should be used to verify savings for this measure. Post-
implementation usage will be established by utility bills for one year following implementation of automated 
monthly energy tracking and reporting. 

Table 10: ECM-1 Economic Summary 

Automate Monthly Energy Reporting  

Total Estimated Cost Savings ($/year) $3,200 

Estimated Annual Electricity Reduction (kWh/year) 14,200 

Estimated Annual Natural Gas Reduction (ccf/year) 1,700 

Estimated Annual Chilled Water Reduction (ton-hours/year) 12,800 

Total Estimated EUI Reduction (kBTU/ft2-year) 4.6 

Total Estimated Cost $9,500 

Simple Payback (years) 3.0 

Savings Assumptions: Savings are based on results of three-year study of 25,000 commercial buildings summarized in ENERGY 
STAR’s Benchmarking and Energy Savings (November 2016). The study reported 2.4% average annual savings for buildings that 
tracked and benchmarked energy. Savings for this measure were conservatively calculated as 2% of annual usage. 
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ECM 2: Balance Existing AHU Systems 

Existing Condition 

Onsite observations and trend data revealed several performance issues that are consistent with 
unbalanced air and water flow.  As AHUs, terminal boxes, pumps, and control systems operate over time, 
there is a tendency for setpoints, valve positions, damper positions, and fans to drift from their intended 
operating points. This drift from design parameters creates challenges in providing proper airflow and 
temperatures, and results in energy performance issues such as frequent equipment cycling and a lack of 
economizing.  

Of particular concern, the return air and outdoor air dampers for AHU-1 through AHU-6 were all observed 
to be fixed in static positions. Return air dampers were 100% open while outdoor air dampers were 
nominally 35%-50% open, as shown in Figure 13. Since airflow favors the easier path through the return 
air dampers, ventilation air may be short-circuiting out of the unit. Mixed Air Temperature data confirmed 
the actual airflow is weighted heavier with return air than commanded by the BAS. 

 

Figure 13: AHU-1 Return Air and Outdoor Air Dampers at Contemporary Arts Center 
 

Recommendations 

Perform a Test, Adjust and Balance (TAB) procedure on the airside of the HVAC system, including all AHUs 
and VAV terminals. A TAB technician will test to determine the current equipment operating parameters 
such as airflows, temperatures, pressure losses and valve and damper operation.  The technician will adjust 
balancing dampers and valves to return the mechanical equipment to operate at the original design values. 

 hen the systems are balanced and returned to design operating parameters, a ‘spot check’ or 
representative balance should be scheduled every three to five years, depending on run-hours for each 
piece of equipment.  This periodic check will identify and address small deviations as they occur. 

Return Air damper is fixed 
at 100% open 

Outdoor Air damper is fixed 
at 35% open 

chucklohrepro
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Benefits 

A properly balanced system is critical to achieve efficient system operation.  Delivering the proper airflow 
at the proper temperature and humidity to each space will satisfy thermostats quickly and efficiently, 
allowing the equipment to reduce speed or cycle off as thermostats allow. This will enhance space 
temperature and humidity strategies, improve occupant comfort, and reduce energy waste due to 
performance drift over time.  Proper balancing will reduce wear on fans, valves, dampers, and pumps by 
eliminating excessive flow rates. 

 

Cost 

HEAPY’s Commissioning Service team estimated the cost to perform test, adjust and balancing for seven 
AHUs and 48 VAV terminals as $60,000. TAB will be based on performance parameters listed in the 
building’s original design documents. 

Savings 

The Building Commissioning Association (BCxA) and Lawrence Berkeley National Laboratory (LBNL) 
determined a median of 7% energy savings for airside TAB in their comprehensive 2018 Market Survey1 
study of more than 700 buildings. Savings for this measure are conservatively calculated as 5% of CAC’s 
current annual HVAC-related energy usage.  

1 BCxA ‘Value of Commissioning’ 2018 Market Survey, published June 2019  

M & V Plan 

IPMVP Option C – Whole Facility Measurement should be used to verify savings for this measure. Post-
implementation usage will be established by utility bills for one year following implementation of automated 
monthly energy tracking and reporting. 

Table 11: ECM-2 Economic Summary 

Balance Existing AHU Systems  

Total Estimated Cost Savings ($/year) $5,000 

Estimated Annual Electricity Reduction (kWh/year) 15,800 

Estimated Annual Natural Gas Reduction (ccf/year) 3,100 

Estimated Annual Chilled Water Reduction (ton-hour/year) 31,200 

Total Estimated EUI Reduction (kBTU/ft2-year) 8.6 

Total Estimated Cost $60,000 

Simple Payback (years) 12.0 

Savings assumptions: Savings are based on results of 2918 of more than 700 commercial buildings summarized in BCxA’s Value of 
Commissioning – 2018 Markey Survey (June 2019). The study reported 7% average annual savings for airside testing, adjusting, and 
balancing. Savings for this measure were conservatively calculated as 5% of CAC’s annual HVAC-related energy usage.  

 

 

 
 

Airflows, temperatures, and devices drift out of balance over time. 
Re-balancing to design parameters can restore efficient operation. 
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ECM 3: Replace Existing Building Automation System (BAS) 

Existing Condition 

CAC’s building automation system (BAS) is a legacy TAC-branded direct digital controls (DDC) system by 
Schneider. This system was installed in 2003 at the building’s construction and is now 20 years old. Regular 
software updates have occurred, but the system is limited by its operation on Windows XP, a 20-year-old 
software platform that is no longer supported. The BAS does not have remote-access-capability and can 
only be accessed from a single workstation located in the facility manager’s office.  
 
While the BAS is functional, it is at the end of its useful life. It is currently programmed with schedules and 
temperature setbacks for the non-gallery AHUs, but trend data suggests several AHUs continue to operate 
fully during the designated unoccupied times. Energy-friendly best practices such as temperature resets 
and static pressure resets are not supported, although they would be beneficial in the non-gallery spaces. 
Data cannot be stored and trended easily, which is imperative for equipment diagnostics and 
troubleshooting, energy analysis, and documentation of space temperatures and humidity levels when 
procuring art exhibits.  
 
In addition to software deficiencies, several valves, dampers, drives, and controllers appear to be 
compromised and do not respond appropriately to BAS commands. ECM-2’s recommended testing, 
adjusting, and balancing should identify mechanical equipment and devices for repair. Once repaired, the 
mechanical devices will be functional, but the existing BAS will continue to limit opportunities for efficient 
operation. 
 

 

Recommendations 

Upgrade the existing TAC system to the current-generation EcoStruxure Building platform with an ethernet 
IP backbone. Migrate the controllers to a newer Windows operating system. These upgrades will provide 
current energy-friendly capabilities, improve the system’s speed for communication and operation, and 
increase reliability. 

Once installed, the system should be programmed with current best practice energy strategies such as: 

▪ Add unoccupied schedules and temperature setbacks for AHU-1, AHU-2, and AHU-3. 

▪ Enable partial economizer cooling for AHU-1 through AHU-6 especially during winter months to 
eliminate winter chilled water usage. 

▪ Review AHU-7 operation to eliminate excess ventilation during unoccupied hours and resolve need 

for continuous operation below 25°F outdoor temperature. 

▪ Control chilled water and flow to eliminate unnecessary recirculation to achieve 17°F rise before 

returning to the district plant. 

▪ Monitor exhaust fan and relief fan operation to maintain appropriate building pressure. 

HEAPY, or another design engineer, should be retained to write a comprehensive control sequence for the 
upgraded system. 

Benefits 

A current-generation BAS is the key component to achieving CAC’s goal of 50% energy reduction by 2030. 
It will enable energy-friendly operating strategies and correct poorly-functioning, inefficient existing 
sequences. The new strategies will significantly reduce CAC’s energy consumption and provide long-term, 
sustainable efficient operation. 

 

 

 
 

The existing BAS is 20 years old and at the end of its useful life. 
Energy-friendly best practices and data trending are not supported. 
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In addition to improved energy performance, data trending and recording capability will enable onsite 
mechanical system diagnostics and troubleshooting, energy analysis, and temperature and humidity 
documentation for art exhibit procurement. The BAS could be enhanced with data analytics to alert the 
facilities staff of temperature/humidity faults and equipment failures, further improving the building’s comfort 
and resilience.  

Cost 

Schneider Electric provided a cost estimate to replace CAC’s existing legacy TAC system with an upgraded 
EcoStruxure system. The estimate includes upgraded licensing, design and install labor, and 16 hours of 
on-site training at a cost of $262,000. Schneider Electric’s cost estimate is in the Appendix. 

HEAPY estimated the cost for a design engineer to write a comprehensive control sequence for the new 
system as $7,000. After the control system’s implementation, HEAPY estimated the cost for functional 
testing of the control system, seven AHUs and 48 VAV terminals as $30,000. 

The total combined cost for the control system, written sequence of operations and post-installation 
functional testing is $299,000. 

Savings 

Savings are based on outputs from a calibrated Carrier HAP energy model of the CAC building. The 
baseline model described previously in Section IV-Calibrated Energy Model was adjusted to incorporate: 

▪ Unoccupied schedules and temperature setbacks for AHU-1, AHU-2, and AHU-3. 

▪ Partial economizer cooling for AHU-1 through AHU-6. 

▪ Elimination of excess ventilation air during winter unoccupied times due to AHU- ’s constant 
operation. 

▪ Reduced chilled water flow during winter months. 

All other inputs remained the same as the calibrated baseline model. The difference between the baseline 
model and the adjusted model defines the energy reductions associated with the noted adjustments. The 
model predicts a 24% reduction in overall energy usage with these adjustments in place. The results are 
shown in Figure 14, Figure 15 and Figure 16. 

 

 

 

 

 
 

The calibrated energy model predicts a 24% reduction in overall  
energy use with improved energy strategies from a new BAS. 
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Figure 14: HAP Energy Model Results with New Controls – Electric 
 

 

Figure 15: HAP Energy Model Results with New Controls - Natural Gas 
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Figure 16: HAP Energy Model Results with New Controls - Chilled Water 

M & V Plan 

IPMVP Option C – Whole Facility Measurement should be used to verify savings for this measure. Post-
implementation usage will be established by utility bills for one year following installation and programming 
of the new, upgraded building automation system. 

Table 12: ECM-3 Economic Summary 

Replace Existing Building Automation System (BAS)  

Total Estimated Cost Savings ($/year) $42,700 

Estimated Annual Electricity Reduction (kWh/year) 93,000 

Estimated Annual Natural Gas Reduction (ccf/year) 10,000 

Estimated Annual Chilled Water Reduction (ton-hour/year) 238,000 

Total Estimated EUI Reduction (kBTU/ft2-year) 51.4 

Total Estimated Cost $299,000 

Simple Payback (years) 7.0 

Savings Assumptions: An energy model of the existing building and internal loads was constructed in Carrier’s Hourly Analysis 
Program (HAP) and calibrated to the building’s existing monthly utility usage. Control strategies were adjusted in the model including 
unoccupied schedules and temperature setbacks for AHU-1 through AHU-3, enabled partial economizer cooling, eliminated excess 
ventilation air, and reduced chilled water flow in winter months. All other inputs remained the same from the calibrated model. The 
results of the adjusted model were subtracted from the calibrated baseline model to define the savings attributed to the outlined control 
strategies. 
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VI. Operational Consideration 

Operational Considerations (OCs) are measures that could improve a building’s energy performance but 
have limited feasibility. HEAPY and the CAC facilities team identified a water-side economizer as a possible 
energy conservation measure but determined it was not economically feasible. The water-side economizer 
is presented as an OC should CAC choose to develop and pursue this measure in the future.  

OC-1:   Water-side Economizer 

During the winter months, CAC’s monthly chilled water usage is approximately 2/  the usage during peak 
summer months, as shown in Figure 17. Chilled water requirements should be minimal during the winter, 
as economizer cooling should be supplied through ventilation air and dehumidification should not be 
required. However, large volumes of chilled water are being used in November through March. 

 

Figure 17: Monthly Chilled Water Usage at Contemporary Arts Center 
 
The new building automation system recommended in ECM-3 should alleviate the conditions driving the 
winter chilled water usage. A water-side economizer was considered, which would take advantage of free 
cooling from the cold winter outdoor air in place of purchased chilled water. Schematically, the economizer 
would consist of a plate-and-frame heat exchanger in the mechanical penthouse and a dry cooler located 
outdoors near the penthouse. Chilled water would flow to one side of the heat exchanger in place of the 
district plant connection during the winter. A glycol solution would flow between the heat exchanger and dry 
cooler, using the cold outdoor air to chill the chilled water. Separate pumps and piping specialties would be 
required for the new loop, as well as an automated switchover valve between the district plant source and 
the dry cooler source; a schematic is shown in Figure 18. Final design criteria would depend on the desired 
economizer tonnage, the switchover temperature between district chilled water and economizer chilled 
water, and the required chilled water temperature. 

Once the new control system is in place, winter chilled water usage should be minimal. The annual cost 
savings for eliminating further winter chilled water usage were estimated as less than $10,000, which would 
not support the expected cost to purchase and install a new water-side economizer system.  
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Figure 18: Water-side Economizer Schematic for CAC 
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VII. Results 

The recommended ECMs in this report will help CAC achieve its goal of 50% energy reduction by 2030. 
When implemented, the measures are estimated to reduce CAC’s EUI by 64.6 kBTU/ft2-year, resulting in 
an energy performance of 138.8 kBTU/ft2-year. This represents a 44% improvement from the 2003 baseline 
of 250 kBTU/ft2-year. The expected performance after implementation is shown in Figure 19. 

 

Figure 19: Expected EUI After Implementation at Contemporary Arts Center 

The recommended measures will generate $50,900 in annual energy savings which can be reinvested in 
further energy opportunities at CAC. The estimated energy reductions and cost savings are summarized in 
Table 13. 

Table 13: Summary of Estimated Results for RCMs at the Contemporary Arts Center 

RCM 
Electric 
Savings, 
kWh/year 

Natural Gas 
Savings, 
ccf/year 

Chilled Water 
Savings,  

ton-hour/year 
Cost Savings 

ECM-1: Automate Monthly 
Energy Reporting 

14,200 1,700 12,800 $3,200 

ECM-2: Balance Existing 
AHU System 

15,800 3,100 31,200 $5,000 

ECM-3: Replace Existing 
Building Automation 
System (BAS) 

93,000 10,000 238,000 $42,700 

TOTALS      123,000 14,800 282,000 $50,900 

% of Current Annual 17% 17% 44% 19% 
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VIII. Appendix 

Schneider Budget Proposal for ECM 3 
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AHU Zoning Drawings 

 
Figure 20: Lower Level Floor AHU-1 Zone 

 

 
Figure 21: Lobby Floor AHU-1, AHU-2, AHU-3, and AHU-8 Zone 
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Figure 22: Second Floor AHU-4 Zone 

 

 
Figure 23: Third Floor AHU-4 and AHU-6 Zone 

 



  

 
Contemporary Arts Center  Page 37 of 38 
ASHRAE Level III Audit Report 

 
Figure 24: Fourth Floor AHU-5 and AHU-6 Zone 

 

 
Figure 25: Fifth Floor AHU-5 Zone 
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Figure 26: Sixth Floor AHU-5 and AHU-6 Zone 

 




