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Executive Summary
Dallas/Fort Worth (DFW) International Airport generously allowed the use of their facilities and access to their personnel and contractors to help the Energy Systems Laboratory (ESL) at Texas Engineering Experiment Station, Texas A&M University to help determine a variety of best practices for energy-related operations and maintenance, HVAC recommissioning, and energy retrofit opportunities for potential use by airport facilities nationwide.  Terminal B was constructed in 1972 and Terminal D, a new “state of the art” facility was completed in 2005. These terminals represent the spectrum of energy-saving opportunities for airports throughout the United States. This report identifies specific energy-related operations and maintenance (O&M), recommissioning, and energy retrofit measures for each terminal and reviews the procedures followed to evaluate and select energy conservation project components.    Information gathered in the field interviews and physical observations of these facilities were used extensively by the ESL in the development of the Airport Cooperative Research Program (ACRP) e-mail survey questionnaire.
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Introduction
Terminal B at DFW airport was constructed in 1972, and Terminal D, a new “state of the art” facility, was completed in 2005. These terminals represent the spectrum of energy-saving opportunities for airports throughout the United States.

Physical Description of DFW International Airport
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Figure 1. Aerial View of DFW International Airport 

In 2005, DFW International Airport served 59,176,265 passengers.  The Airport had 711,878 operations, handled 741,432 metric tons of cargo, and accommodated 5,650,733 international passengers, making it one of the busiest airports in the country.  A DFW Airport traveler can reach all major cities and 95% of the U.S. population within four hours or less.  An aerial view of the airport is shown in Figure 1 above.

DFW Airport recently completed a $2.7 billion 5-year Capital Development Program (CDP) that is expected to produce a $34 billion economic impact on North Texas and create 77,000 new jobs.   In 2005, DFW International Airport completed a new international Terminal D and a new Skylink automated people moving system This system connects Terminals A, B, C, D, E, and a future Terminal F.  The dual Skylink system is the largest of its kind in the world.  It is bi-directional, elevated, and constructed of concrete and structural steel.

DFW Airport also recently completed a $150 million upgrade to its Energy Plaza, the airport’s central utilities plant.  As part of the upgrade project, all chillers and boilers were replaced to increase capacity, improve energy efficiency, and reduce air emissions. A six million gallon thermal energy storage tank was also added to the chilled water system and a new centralized preconditioned air system was installed to support jet bridges and docked aircraft.  As a result of these upgrades, NOx emissions from the facility have been reduced by 91%.

Terminal B
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Figure 2. Terminal B

Terminal B in Figure 2 above is one of five major passenger terminals at DFW International Airport.  It was built in 1972 with 25 aircraft gates.  The terminal initially comprised three levels that included the ramp, concourse, and mezzanine.  In 1998, a pier building consisting of five gates was added at the south end of the terminal.  In 1999, the north end of the terminal was extended to add Gate 39.   In 2004, a new upper level was added to accommodate two Automatic People Mover Stations (Skylink) to provide passenger transportation between terminals.

Terminal B currently has 31 aircraft gates and a gross square footage of 784,131.  The terminal is supplied with chilled water and heating hot water from the Energy Plaza.

Thirty-seven escalators and moving walkways have a total nameplate rating of 682 horsepower.

Terminal B has 39 air handling units (AHUs).   These AHUs are single-duct variable air volume (VAV) systems.  There are 350 variable air volume terminal units. These units operate 24 hours per day, 7 days per week.  The current Energy Management Control System (EMCS) has been upgraded many times over the past 35 years.  It utilizes the EMCS systems --  a Johnson Controls DSC-8500 System, a Johnson Controls Metasys System, and an Invensys UltiVist System.

The physical condition of the Terminal B is excellent.  The terminal has concrete wall construction and a flat built-up roof.   Its estimated remaining life is 50 years.  

Facility maintenance and operations are outsourced.   FMC Technologies, Inc. is responsible for the daily operation of Terminal B.

Terminal D
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Figure 3. Terminal D

The $1.7 billion International Terminal D (Figure 3) is the flagship of the five major terminals.  It opened in late 2005.   This 1,600,408 square-foot facility is a world-class international terminal equipped with a three-level roadway system and 29 swing-gates capable of handling narrow or wide-body aircraft.

International Terminal D will provide service for 37,000 passengers per day and 12,800,000 annually. Terminal D contains 99 ticketing positions, and a federal inspection system capable of screening 2,800 passengers per hour.  

This concrete, steel and glass facility includes 91 elevators, 59 escalators, and 34 moving walkways.  It has a stainless steel roof, a skybridge to Terminal C, and an 8,100 space parking garage.  Terminal D also includes a 303,675 square-foot Grand Hyatt Hotel that is independently operated.

Terminal D has 60 variable air volume air handling units with variable frequency drives on the supply and return air fans, 73 constant-volume air handling units, 166 outside air, return air, exhaust, and ventilation fans and 1,364 fan-powered terminal box units.  The facility introduces 539,780 CFM of outside air for ventilation, conditioning and building pressurization. It has a Johnson Controls BAS.

Facility maintenance and operations functions are outsourced.   Meridian Management Corporation is responsible for the daily operation of Terminal D.

Energy-Related Operations and Maintenance
DFW International Airport has developed an Airport Total Asset Management System (ATAMS) that incorporates all aspects of facility maintenance, operations, and preventive maintenance.  The DFW International Airport developed specifications that provide the outsourcing contractor with their intent and direction in the performance of facilities maintenance activities.  The contract is designed to maximize the efficiency of operation and the useful life of equipment, systems, component, material, product, and structures.  

DFW Airport looks to the creativity of the O&M contractor to efficiently operate all facility systems.  All of these actions are coordinated with the energy engineer who is continually implementing energy efficiency strategies for implementation in Terminal B.  Although there is no specific directive for the contractor to pursue energy efficiency objectives, they are charged with obtaining all utility company energy conservation rebates to which the owner is entitled.  They are further required to obtain, complete, and submit the required forms and follow up to assure that the owner has received the appropriate rebate forms.  

Observations of Energy Saving Opportunities
The following recommissioning opportunities were identified in the Terminals B and D.  Field inspections plus contractor and staff interviews were utilized to identify new or reconfirm previous findings.

Terminal B

1. Inspect and repair non-functioning roll filters and replace dirty filters as required.

2. Calibrate damper linkage controls where necessary.

3. Inspect and calibrate thermostats.

4. Repair or remove inlet guide vanes as required where VFDs are installed.

5. Inspect and repair any leaking heating water control valves on fan-powered terminal boxes.

6. Clean flow limiting valves where indicated to optimize pumping performance.

7. Fine tune chilled water control valves as required to eliminate hunting inefficiencies.

8. Replace heating water isolation valves for supply to the VAV terminal boxes where required for reheat to optimize heating and cooling.

9. Insure that all VFDs are functioning in an automated fashion.

10. Repair any identified air duct leakage.

11. Inspect all air handling units and insure that outside air damper linkages are connected.

12. Inspect all air handling units and replace dirty filters to prevent a significant increase in fan power requirements.

13. Inspect test ports for TAB purposes to insure that they penetrate internal duct insulation. 

14. Inspect and fine-tune control for air handling units.

15. Convert remaining magnetic (T-12) light fixtures to electronic (T-8).

16. Control mechanical room lighting.

17. Optimize control for escalators and moving sidewalks.

18. Inspect and calibrate outside air sensors for the terminal if required.

19. Optimize control of infrared heaters in baggage conveyor areas.

20. Inspect and replace temperature sensors where required on VAV terminal boxes.

21. Eliminate outside air infiltration where possible.

Terminal D

1. Evaluate air handling unit operation. 

2. Optimize air handling unit performance. 

3. Optimize VFD operation.

4. Fine tune supply and return air fans to insure proper tracking.  

5. Optimize the EMCS operation for the terminal.

6. Replace filters and clean heating coils on fan-powered terminal units where required. 

7. Evaluate space conditioning and lighting control for low-occupancy areas.

8. Optimize moving walkway and escalator operation. 

9. Optimize treatment of outside air.

10. Optimize EMCS lighting control.  

11. Review terminal pressurization and adjust as required.    

Major Energy Retrofit Practices

Terminal B – This terminal has experienced system retrofits over the years, including but not limited to variable air volume conversions, lighting, and building automation system upgrades.  A recent energy assessment identified the following retrofit opportunities.
Energy Conservation Retrofit Measures

· Provide lighting retrofit where required throughout terminal.

· Provide motion sensor lighting control.

· Provide Jetway RTU controls upgrade.

· Provide infrared heater control for baggage handling area.

· Replace/Upgrade EMCS/BAS.

· Implement continuous recommissioning practices.

Terminal B Prioritized Project Alternatives

The two tables of potential ECRM alternatives presented here, Table 1 and Table 2, were developed as part of a full energy assessment report on Terminal B performed by the Energy Systems Laboratory (ESL). It is important to note that projects of this scale are made up of interactive components and will not perform the same if broken into segments. The two alternate lighting projects included in the energy saving options packages developed here demonstrate some of the issues involved in prioritizing energy project components even within the same facility.
Table 1. Summary of Energy Conservation Retrofit Measures (Alternative #1)
	ECRM TITLE
	Annual Savings
	Implementation Cost ($)
	Simple Payback Period (Yrs)

	
	Electric (kWh/Yr)
	Demand (kW/Yr)
	Utility

Saving

($/Yr)
	
	

	Lighting Retrofit
	747,298
	1,024
	    48,335 
	            242,954 
	5.0

	Occupancy Sensor Lighting Control
	157,680
	0
	        9,173 
	              54,024 
	5.9

	Jetway RTU Controls Upgrade
	56,343
	0
	        3,208 
	              29,700 
	9.3

	Baggage Handling Area Infrared Heater Control
	80,275
	0
	        4,571 
	              17,600 
	3.9

	Replace/upgrade EMCS 
	568,935
	0
	      87,213 
	         1,296,510 
	14.9

	Recommissioning
	1,164,573
	0
	    150,182 
	            363,360 
	2.4

	Totals:
	2,775,103
	1,024
	    302,683 
	         2,004,148 
	6.6               


· Alternative #1 includes a limited lighting upgrade which retrofits old T-12 magnetic ballast fluorescent fixtures to new T-8 electronic ballast fixtures.

· This alternative also includes motion sensors on selected fixtures.
Table 2. Summary of Energy Conservation Retrofit Measures (Alternative #2)
	ECRM TITLE
	Annual Savings
	Implementation Cost ($)
	Simple Payback Period (Yrs)

	
	Electric (kWh/Yr)
	Demand (kW/Yr)
	Utility

Savings

($/Yr)
	
	

	Lighting Retrofit
	2,347,303
	3,215
	    153,038 
	            810,687 
	5.3

	Occupancy Sensor Lighting Control
	157,680
	0
	        6,015 
	              54,024 
	9.0

	Jetway RTU Controls Upgrade
	56,343
	0
	        3,208 
	              29,700 
	9.3

	Baggage Handling Area Infrared Heater Control
	80,275
	0
	        4,571 
	              17,600 
	3.9

	Replace/upgrade EMCS 
	568,935
	0
	      87,213 
	         1,296,510 
	14.9

	Recommissioning
	1,164,573
	0
	    150,182 
	            363,360 
	2.4

	Totals:
	4,319,921
	3,215
	    404,228 
	         2,571,882 
	6.4


· Alternative #2 retrofits the T-12 magnetic ballast fixtures to T-8 electronic with self dimming ballast in selected locations

· Alternative #2 also has motion sensors on the same fixtures as alternative #1

· It is important to note that the simple payback period of the motion sensor upgrade is 9 years in the second alternative compared to 5.9 years in the first alternate. This is because much of the energy reduction had already obtained from to the use of the self-dimming ballasts. 

· The $404,228 energy savings per year for the second alternative is 25% higher than for the first and therefore will result in greater overall benefit to the airport.

Description of Current Operations and Maintenance Strategies

Terminal B – A contractor manages this site.  Terminal B was the first to be outsourced for operations and maintenance.  The contractor is developing and implementing PM processes and procedures for approval by DFW Airport.  ATAMS provides work orders including preventive maintenance (PM) tasks.  The contractor creates additional work orders that are directed to ATAMS.

Terminal D – A contractor also manages this terminal.  The contractor is also under contract to provide accurate as-built drawings for Terminal D to DFW Airport.   The contractor is developing and implementing PM processes and procedures for approval of DFW Airport.  ATAMS provides work orders including PM tasks.  The contractor creates additional work orders that are directed to ATAMS.

Recommendations

1. Develop a comprehensive O&M program that is clearly defined for all parties.

This program should be applied to both in-house and outsourced maintenance.  Terminals B and D with different contractors are developing O&M programs that focus on a common DFW Airport strategy in concert with its ATAMS program.

2. Develop guidelines for operation and maintenance of all equipment.

DFW Airport Has developed general specifications and provisions to guide the contractor in developing a management plan that will provide all labor, supervision, training, testing, technical services, and consulting services.

3. Develop maintenance procedures for each piece of equipment.

DFW Airport has developed forms that identify mechanical services, plumbing services, and ramp services tasks.  The type of work required is cross-referenced with the specific piece of equipment, frequency, etc.  Forms focus on specific functions such as HVAC systems, chilled water systems, exhaust systems, glycol systems, heating hot water systems, pre-conditioned air, etc.

4. Develop a qualified Building Automation System (BAS) / Energy Management System (EMS) staff.

DFW Airport requires each contractor at Terminals B and D to maintain highly qualified technical BAS/EMS staff to monitor and control HVAC operations.  The contractor is expected to professionally manage and efficiently operate the facility in accordance with the strategies determined by the DFW Airport energy engineer and its consultants.

5. Develop performance benchmarks for operating and maintenance procedures.

DFW Airport has developed a performance evaluation program that incorporates ongoing building assessment, customer service, response to service calls, discrepancy/deficiency correction, development and reporting of ATAMS, and project management.

6. Develop an evaluation team to ensure quality control of the O&M process performed by contractors/staff.

DFW Airport has established an evaluation committee to evaluate the performance of the operations and maintenance services (OMS) contractors.  This strategy may also be applied to in-house activities.  Evaluations are conducted quarterly.

7. Provide periodic energy assessments for each facility.

DFW Airport performed a comprehensive energy assessment on Terminal B.   The recommendations from this assessment have been evaluated and are now incorporated in future retrofit plans for the airport.  DFW Airport plans to provide energy assessments for all major DFW Airport properties.

8. Provide enhanced recommissioning services on a continuous basis for all HVAC equipment and controls.   DFW Airport has begun a five-year process to assess and continuously commission HVAC systems throughout airport properties.  

9. Manage utility consumption for the facility.

DFW Airport has a highly skilled in-house energy management program that oversees utility consumption, energy efficient operations, and procurement.

Summary

ESL conducted on-sight interviews that allowed a much deeper understanding of the issues when implementing O&M, recommissioning, and energy retrofits.  On-site visits at Terminals B and D of DFW International Airport were instrumental in developing the best practices which were included in the email survey sent to participating airports. 

The following observations may also be useful to airport managers dealing with similar issues.

1. When contracting out O&M functions, an ongoing programmatic approach was followed at DFW Airport. For example, while specific energy related procedures are not defined in the contracts, the obligation to pursue potential utility rebate opportunities and to work with DFW Airport energy consultants are specified.


2. Implementing the new CMMS system at DFW Airport is a major endeavor.  The energy and environmental parameters such as energy monitoring and process review are still being developed. 

3. DFW Airport is moving forward with an active recommissioning and HVAC optimization program as well as evaluating capital projects that can improve the energy performance of all of their facilities. 
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