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EW-201144: Demonstration & Testing of ClimaStat™
for Improved DX Air Conditioning Efficiency

Technology: Reduces HVAC energy consumption 15 to 30%, and doubles
dehumidification capability with reliable, maintainable components.

Demonstration: Monitored before & after operation of instrumented HVAC
units at two demonstration sites, retrofitting both new & existing equipment.

Technical & Economic Performance Results
Sought:

1) Increased energy efficiency & reduced energy consumption of demo equipment.
2) Show life-cycle cost benefits to DoD for both installed and new HVAC units.
3) Show IAQ improvements in demo buildings (RH, CO,).
Achieved:
1) IEER of demo units increased 17 to 29%; energy use reduced 19 to 46%.
2) CCAFS demo unit: 2.6 year payback; MCASB demo unit: 4.0 year payback
3) Found pre-demo IAQ to be satisfactory; post-demo IAQ was equal or better.

HVAC - Heating, Ventilation and Air Conditioning

DoD — U.S. Department of Defense N~ T M
IAQ — Indoor Air Quality CL' AN s ' A l
RH — Relative Humidity

CO,— Carbon Dioxide (in occupied space)

IEER — Integrated Energy Efficiency Ratio (MBTU cooling per kWh energy)

CCAFS — Cape Canaveral Air Force Station 2
MCASB — Marine Corps Air Station Beaufort




EW-201144: Demonstration & Testing of ClimaStat™
for Improved DX Air Conditioning Efficiency

Project Hurdles: Bringing existing HVAC equipment to baseline condition.

Technology Transfer Outlook: Excellent — NREL IGF, ASHRAE

Performer: Advantek Consulting Engineering, Inc. AdvanTek

Demonstration Sites:

1) Cape Canaveral Air Force Station, FL (CCAFS)

2) Marine Corps Air Station Beaufort, SC (MCASB)

NREL — U.S. DOE National Renewable Energy Laboratory
IGF — Industry Growth Forum
ASHRAE — American Society of Heating, Refrigerating, and Air-conditioning Engineers 3



Project Team

Advantek Consulting Engineering (ACE)
Pl: Mike West, PhD, PE
Co-PIl: Rich Combes, PE, PhD

Marine Corps Air Station Beaufort (MCASB)
Utilities Director/Energy Manager: Neil Tisdale, CEM
Public Works Utilities: Bill Rogers, CEM

Cape Canaveral Air Force Station (CCAFS)
IOMS Energy Manager: Kevin Riley, PE, CEM
45" Space Wing REM: Chris Cook, CEM
NOTU Facilities Manager: Mike Manning

PE — Licensed Professional Engineer

CEM - Certified Energy Manager

IOMS — Internal Operations & Maintenance Services
REM - Resource Efficiency Manager

NOTU — Naval Ordnance Test Unit
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Kevin Riley at CCAFS



Background

Unitary HVAC equipment is ubiquitous in U.S.
¢ 50% of US commercial space is cooled with RTUs (DOE)
¢ Total annual sales 280,000 units
¢ Estimated 1.6 million legacy units operating at low efficiency levels
= 100,000 units at DoD facilities / 20,000 buildings

= 100,000 units at USPS facilities / 30,000 buildings
= 500,000 units at 65,000 “big box” retail stores

‘‘‘‘‘

‘ A S i o o L AR S :
ROOFTOP PORTABLE MILITAR PAD MOUNT
RTU — Rooftop packaged air-conditioner Unit
DOE - U.S. Department of Energy 5

USPS — United States Postal Service



Background

Integrated Energy Efficiency Rating

¢ Recently installed RTUs typically operate at IEER 10 if in good

condition
» |[EER 9 if from five to ten years old

» |[EER 8 if over ten years old (estimated typical DoD baseline)
¢ Minimum government requirement for new units is IEER 9
= Minimum efficiency standards range from IEER 9.6 to 11.8
¢ “Flagship” models are offered from IEER 13 to 19 — but ...

= Unitary equipment targets the “low first-cost” market
» There are few cost effective high-efficiency applications
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Technical Objectives

ClimaStat has been confirmed effective in reducing energy costs and
iImproving dehumidification for over 10 years:

DOE, University of Georgia, Kilwin’s Ice Cream, ...

Objectives of ESTCP project

+ Retrofit legacy (R22) & install new
(R410a) HVAC equipment with ClimaStat to
demonstrate LCC benefits to DoD.

+ Collect extensive operational data before

& after ClimaStat retrofits to validate energy
reduction and dehumidification claims.

ESTCP — Environmental Security Technology Certification Program
R22 — Chlorodifluoromethane HCFC refrigerant

R410a - difluoromethane and pentafluoroethane zeotropic refrigerant mixture
LCC — Life cycle Cost



C-""STAT K-

Technology

ClimaStat is a cost-effective system based on reliable,
familiar, and easily maintainable components.

Control Package ECM Fan

Variable
Frequency
Blower
Drive

Liquid-Suction

Heat Exchanger Adjustable
Accumulator Bypass Damper Thermostatic
Expansion
Valve

ECM - Electronically Commutated Motor 8
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Technology

Revises the traditional refrigeration cycle at a fundamental level.

Improvement of evaporator refrigerant / two-phase heat transfer.
¢ Increased liguid fraction at the inlet and outlet of cooling coil
¢ Reduced mist regime, minimized dry vapor heat transfer
¢ All liquid refrigerant is vaporized upstream of compressor inlet

Variable sensible heat ratio optimizes evaporator airside performance.

REFRIGERANT CIRCUIT

COMPRESSOR

EVAPORATOR

LS-HXGR

85°F — 1 109

TXV — Thermostatic Expansion Valve 9



Performance O

ts

Performance
Objective

Quantitative Perform

Increase A/C unit
energy efficiency

Metric

ance Objectives

Energy use of A/C unit
vs. cooling provided

Data
Requirements

kW & kWh relative to
baseline MBH and Btuh

Success
Criteria

>15% increase in
energy efficiency

Results

MCAS: +29.2%
CCAFS: +17.4%

Improve facility

Increased time IAQ

C0O2 and RH of

>15% increase in

Little increase;

Ensure
maintainability with
existing staff at
demo sites

Field assessment of
HVAC staff at demo
sites

Identify critical areas
of maintenance &
performance, and
training needs

Demo site HVAC
supervisors concur
that needs are
covered.

Indoor Air Quality meets ASHRAE 62.1 conditioned space, hours 1AQ is baseline IAQ
(IAQ) relative to baseline satisfactory was very good
Installed cost of Installed costs, energy | BLCC model MCAS: 4 yr
Demonstrate cost . : : : ,
: ClimaStat relative to cost reduction relative shows cost payback period
effectiveness of new : . . )
energy cost savings to baseline effectiveness CCAFS: 2.6 yr
technology ,
payback period

Qualitative Performance Objectives

“‘No complaints
is a job well
done.”

Evaluate reliability
of retrofitted unit
relative to base unit

% time retrofitted unit
performs as designed

Runtime & downtime
for retrofitted unit vs
base unit

Retrofitted unit
equally or more
reliable

ClimaStat units
more reliable
over 2 years

User satisfaction

Likert-type Scale

Occupant survey data

10% increase in
satisfaction over
baseline

No change in
occupant
satisfaction

©ESTCP
njectives & Resu
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Performance O
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Technical Approach

o ClimaStat technology had not been demonstrated on DoD or
Federal facilities, which represent an outstanding opportunity for
reducing packaged unit energy requirements.

e Secured commitments from two DoD installations:
MCAS/Beaufort SC CCAFES/NOTU, FL

Base Exchange Instrument Laboratory
Typical retail store conditions Precise temperature & 45% humidity
Legacy R22 unit New R410a unit

12
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Technical Approach

1. Instrumented each AC unit and brought existing unit up to expected
baseline performance.

2. Collected baseline operating data — IEER, Energy Use, IAQ.
3. Installed ClimaStat & analyzed cooling season performance data.

4. Modeled LCC performance using actual cost data for ClimaStat
installation and energy use of ClimaStat vs baseline periods.

13



Technical Approach

Performance Measurement Sensors

Total number: 90

Sensor List

Compressor Amps (2)

Fans and Blower Amps

Total Unit Power (kW)
Refrigerant Pressures (4)
Refrigerant Temperatures (12)
Refrigerant Flow rate (2)

Air Temperature

at thermostat, return, outdoor, coil,
entering & leaving coil, unit discharge

Air Humidity

coil entering, unit discharge, at thermostat,
outdoor

Space vs Ambient CO, level
Control point status
Maintenance actions / interventions

14
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Results

Performance comparison of new R410a unit at CCAFS.

Compressor
Run Time
[hours/day]

Efficiency
IEER
[Btuh/Watt]

Dehumid-
ification
[gallons/hr]
Electricty

Used
[$/day]

18

0 2 4 6 8 10 12 14 16
10% Fewer
9.8

4.2
3.0

15% Less

27%

8.2

Higher

12.5

15.9

Field test data from 8.5-ton dual compressor package unit.

Run hours to satisfy thermostat at 50 ton-hr sensible cooling load.

16



Results

e MCASB 20-ton R-22 Trane RTU, installed 2003:
¢ After refurbishment, baseline IEER =9.5
¢ With ClimaStat, IEER =12.3
¢ BLCC payback for ClimaStat mod is 4.0 years

e CCAFS 8-ton R-410a Carrier RTU, installed 2012:
¢ Baseline IEER of new equipment = 12.5
¢ With ClimaStat, IEER = 15.9
¢ BLCC payback for ClimaStat mod is 2.6 years

e Implications for DoD:

¢ Field retrofits suitable for RTUs with at least 5 years service life.
¢ Factory/shop retrofits are cost-justified for all new RTUs.
¢ Potential total $110 million annual energy savings.

BLCC — Building Life Cycle Cost analysis software 17



Issues/Lessons Learned

o Condition of existing package units should be considered.
¢ ClimaStat candidate units - good condition, at least 5 years service life
¢ LCC analysis and project justification
= Cost of any repairs / refurbishment and resulting IEER improvement
= Comparison of refurbished or new unit with ClimaStat vs existing
« Efficiency of new, high-efficiency units can be further increased.
o Added savings in systems using reheat for humidity control

o DoD package units can benefit from increased attention for
continued energy efficient operation.
¢ Trane RTU installed 2003 rated IPLV 11.2
¢ In 2010 it was found to be operating at IEER 7.8
¢ Maintenance during 2011 improved performance to IEER 9.5
¢ In 2012 ClimaStat raised performance to IEER 12.3

18
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Technology Transfer

o ClimaStat is ready for DoD to utilize in all unitary equipment
M Office buildings, laboratories, test facilities
M Base exchanges and support buildings
M Mobile field units (ECUs) to reduce operational energy needs

o Federal facilities, as well as commercial retail & low-rise office
buildings that cool with RTUs are prime ClimaStat applications.

e Advantek’s current activities:
¢ Offering direct sales and installation of ClimaStat™

¢ Modifying a standard RTU to IEER 18+ for entry in DOE’s High
Performance Rooftop Unit Challenge (ORNL)

¢ Raising capital for commercializing ClimaStat and partnering with OEMs
¢ Evaluating heat pump benefits for cold-climate winter heating

ECU — Environmental Control Unt
ORNL - U.S. DOE Oak Ridge National Laboratory
OEM - Original Equipment Manufacturer 19
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Publications

ASHRAE peer-reviewed papers

1. Improvement of Integrated Energy Efficiency and Latent Cooling Capability by Refrigeration
Cycle Variation with Evaporator Coil Optimization in R-410a Unitary Equipment

Michael K. West, PhD, PE and Richard Combes, PhD, PE. American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, 2013.

2. Improvement of IEER Rating and Dehumidification Capability in Unitary DX Equipment

Michael K. West, PhD, PE and Thomas Brooke, PE. American Society of Heating, Refrigerating, and
Air-Conditioning Engineers, 2013.

Journal Article
Low-Cost Dedicated Outdoor-Air Systems
Michael West, PhD, PE. Heating, Piping and Air-Conditioning Engineering, July 2010.

White Paper
Impacts of Deferred of Maintenance on DoD RTUs and Recommended Mitigation Strategies
Michael K. West, PhD, PE and Richard Combes, PhD, PE. 2012.

20
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Conclusion

e ClimaStat™ significantly improves performance of air-conditioner
units for any climate — reliably and cost effectively.

e Reduces energy consumption of an air-conditioner by 20 to 40
percent while doubling dehumidification capability.

o Engineered for simplicity and ease of maintenance.

Project Example

Current cost for installation on a new 20-ton unit is $4290.

Customer benefits are energy savings of $1520 per year and improved
dehumidification. (Savings will be more if system uses reheat.)

Payback period: 2.8 years
Maintenance needs are not increased.

21



