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The hyper-competitive, dynamic 1990’s forced many corporations to “Right-Size,” relocating resources and equipment -- even consolidating.  These changes led to utility reduction if HVAC optimization was thoroughly addressed, and energy conservation opportunities were identified and properly designed.  This is true particularly when the facility’s heating and cooling systems are matched to correspond with the load changes attributed to the reduction of staff and computers.  Computers have been downsized and processing power per unit of energy input increased; thus, the need for large mainframe computer centers, and their associated high intensity energy usage, have been decreased or eliminated.  Cooling, therefore, also has been reduced.  

The Westinghouse Corporate Information Services (WCIS), formerly known as Westinghouse TeleComputer Center (TCC), is a prime example of this scenario.  Before 1993 the 117,000 square foot facility was one of the Westinghouse Electric Corporation’s major data centers.  In fact, it housed one of the showcase facilities where customers, employment candidates, and outside personnel toured in order to view Westinghouse capabilities.  As the need for centralized computerization and processing diminished with the increase of personal computer power and capacity, the requirement for Westinghouse to have multiple computer centers decreased. This diminished the associated overhead to provide support, cooling, heating, as well as the maintenance of such equipment.  Westinghouse recognized the evolutionary change in computer technology, and began to research alternative uses for this facility.  As the requirement for profitability, and the costs associated with the center were pushed down to provide bottom line responsibility, WCIS began to look at alternative service provisions for not only Westinghouse, but also other organizations.  

This all electric facility consists of two buildings. Building One is one story with a partial basement structure, whereas Building Two is a five story building.  Building One was used primarily to house the Computer Center.  Cooling was provided by chilled water, which was produced by four 135 ton McQuay electric centrifugal chillers in Building One.  Two of the four electric chillers had been converted to R-134A, providing a nominal capacity of 110 tons.  Cooling was provided by one 150 ton centrifugal and one 90 ton reciprocating chiller in Building Two.  Heating for the entire facility was provided by electric resistance perimeter heating and electric duct heaters.  Four of the ten constant volume Air Handling Units in Building One were and remain 100% return air units because they served the Computer Area.  Building Two had a five constant volume air handling system with three zones.  Each zone contained an electric duct heater and a cooling coil controlled by pneumatic thermostats and a mixed air temperature controller.  The outside air dampers for Building Two were permanently closed by mechanical linkage.  This was done due to apparent high relative humidity in the space, and as an effort to decrease the cooling requirements in the summer time, since the existing economizer controls were nonfunctional.

The facility’s electric bill for June 1993 to May 1994 was used as the baseline and totaled $516,074.  After performing a two day preliminary utility and building analysis, Control Solutions determined that a 20% to 30% electric reduction could be achieved through implementation of a planned group of Energy Conservation Opportunities.

TIME TO MAKE A CHANGE

WCIS had diversified loads throughout the building, especially since the large VAX systems for the Computer Center resided in Building One. There were no automated controls, and the only way to accommodate different area loads was to simultaneously cool for the worst case, and then provide reheat energy.  The constant volume reheat air handling systems delivered continuous 55o or lower supply air to the zones.  Electric reheat energy was then used to temper the air to match the space requirements.  The chillers were run at a very low chilled water temperature setpoint which resulted in decreased chiller efficiency.  The chillers were run continuously year round, in order to provide cooling for the 100% return air units in Building One.  This was also true for the 5 AHUs in Building Two, since no outside air economizer was utilized.  

After the preliminary audit, Westinghouse contracted Control Solutions to perform a detailed Energy Study.  The detailed Energy Engineering Study included a complete inventory of energy consuming devices at the facility.  This required gathering of manufacturer’s data for all existing air handling, chilled water generation and delivery equipment, as well as a comprehensive lighting survey to determine lighting and occupancy loads.

DETAILED BUILDING ENERGY ANALYSIS

The Detailed Building Energy Analysis was undertaken with the intent of:  (a) modeling the existing energy consumption, (b) providing an interactive model to provide analysis of various combinations of Energy Conservation Opportunities, and (c) determine the best economic and physical fit for the Westinghouse facility.  The model was undertaken using a 5o Bin method weather model, using standard ASHRAE calculations in Microsoft Excel.  The analysis included skin, ventilation, and lighting analysis, as well as chilled water generation.  Because this project included a performance guarantee, nameplate data in addition to actual measured power consumption of each device was used.  Measurements included volts, amps, and power factor at each connected device which would be impacted by the Energy Conservation Opportunities.  The measuring device also provided harmonic analysis at each device, indicating potential for harmonic remediation if necessary.  Run hours were monitored by physical connection of run hour meters to lighting systems, pumps, and fan systems.  Transport energy was then analyzed in detail.  Since the air handling units being used were of the constant volume type, and the loads were dynamic, the possible use of variable air volume conversion was analyzed in detail.  This was particularly true in Building Two where a single zone unit fed three zones.  Since each zone had its own electric reheat, zone dampers were installed to provide variable air volume, as well as variable reheat.  Because the reheats were electric type and the air flow associated with each coil would vary, verification of the air flow switches protecting the electric reheat coils, was performed prior to modification.  The Sequence of Operation for the units was modeled to provide a full flow to heat, minimum flow, full flow to cool, resulting in a dead band of reduced energy consumption during the intermediate seasons.  

The detailed analysis showed that the cooling load associated with lighting, after retrofit of the 40 Watt F-40s and the standard  electromagnetic ballasts, was significantly reduced.  This, in addition to the reduction of simultaneous heating and cooling, reduced the building loads so that  two 135 ton and two 110 ton chillers were able to provide adequate cooling for both buildings.

The pumping systems for both buildings were analyzed in detail. In addition to providing excessive chilled water flow in Building Two, the pumps were using more than 40% of the KW actually required to deliver design flow. To take advantage of this situation, the primary/secondary pumping was designed to use only the chillers in Building One by cross connecting the two chilled water piping systems.  Thus eliminating the use of the chillers in Building Two.  New secondary pumps were installed to provide flow to the buildings.  The existing pumps were reused and rebalanced as primary pumps.

INSTALLATION
After the detailed engineering study was complete, a Scope of Installation Work was determined in conjunction with WCIS personnel.  The final Scope of Work included the following conversions: changing the constant volume air handling units to variable air volume, primary/secondary pumping, cross-connection of the chilled water systems, a complete direct digital control system to provide control of the HVAC system as well as re-heat control using SCRs, and pulse-width-modulated outputs from the DDC system.  

Lighting Retrofit
A lighting retrofit was also proposed, with a lighting control system including provisions for  scheduling of the lights during off hours.  The lighting retrofit included replacing standard electromagnetic ballasts and F40 lamps with electronic ballasts and T8 technology, in the four lamp fixtures where reflectors were not yet installed, and in all two lamp and three lamp fixtures.  In the early 1990’s, the in-house maintenance department delamped the four lamp fixtures to two F40 lamps with a reflector in the bullpen areas of Building Two.  Since the largest portion of energy savings were already realized through delamping, justification was not present to replace the standard ballasts with electronic ballasts.  The F40 lamps were, therefore, replaced with 34 Wattmiser lamps to minimize the payback period for this retrofit.  The remaining office areas and areas in Building One, which had more than two fixtures,  were retrofitted with two-lamp electronic ballasts, T8 lamps, and reflectors.  Lighting control was included under the DDC System to schedule lights off during unoccupied times.  Motion detectors were installed in the Conference Rooms.  Override switches for each zone were located on each floor, with adjustable override to provide lighting in the areas where people would be working during off hours.  This retrofit resulted in electric demand, consumption  and cooling reduction.  

The project was a design build project with most of the installation taking place concurrently.  That is, while the engineering for the primary/secondary pumping and chiller cross-connect was being laid out with the mechanical contractor, the building was prepared for installation by demolition and reinforcement of some existing structural components.  Other tasks, such as the direct digital control system installation, were already underway. All work took place while the building was occupied.  Only the tie ins to existing chilled water line, and reheats took place after hours. 

Constant Volume to Variable Air Volume
The constant volume to variable air volume retrofit was undertaken during the installation of the chilled water piping.  (See figure 4.)  Variable speed drives were installed on each fan.  The speed drives are controlled via the DDC System to maintain constant static pressure in the discharge duct.  Variable volume dampers were installed in the Air handling units in Building Two to provide zone temperature control. The installation of the plate and frame heat exchanger was undertaken after the original cross connection was engineered and installed.  The purpose of the plate & frame heat exchanger was to provide free cooling for the units using 100% return air, which served the computer room area leased to the Xerox Corporation.  The plate and frame heat exchanger was sized to provide 100 tons of capacity at outside air temperatures of 45oF or below.  Variable frequency drives were added to the cooling tower fans to provide capacity control at low ambient temperatures while preventing tower freeze-up.  The cooling tower variable frequency drives are controlled through the DDC system to maintain a condenser water return temperature of 40oF.  This allows the plate and frame heat exchanger to maintain a leaving chilled water temperature of 42oF, at 40oF from the cooling tower.  
DDC System

A DDC system with graphic operator work station was 

installed to provide control of the air handling units, chillers, plate and frame heat exchanger, and lights.  The Facility Management System consists of 21 field controllers, which monitor and control a total of 296 hardwired points.  This system allows the coordinated and predictive control of facility energy usage, utilization of setback setpoints, reset applications, and various automated control strategies.

Chilled Water System Cross Connection

A chilled water system cross connection utilizing primary/secondary pumping scheme was installed.  (See figure 5.)  WCIS had budgeted $180,000 to replace the 150 ton R-11 centrifugal chiller because of CFC mandates.  The results of the computerized building simulation of cooling energy required, established that the four 135 ton chillers located in Building One had adequate capacity to serve both buildings, with a 25% excess.  Therefore, the two inefficient chillers in Building Two were abandoned and piping systems were cross-connected.

The four existing chilled water pumps were used as the primary pumps, and two new 40 HP pumps were installed as the lead and standby secondary pumps.  All, except the last three-way chilled water valves, were converted to two-way valves.  A variable frequency drive (VFD) was installed for the secondary pump and controlled by the chilled water differential pressure in both buildings.  This retrofit provided savings by utilizing the more efficient chiller, eliminating two chillers, and reduced pump HP via the VFD.

Condenser Water Economizer
Several months after the project installation was started, WCIS leased part of the building to the Xerox Corporation.  The space was contracted to provide Westinghouse with a location for corporate wide document processing  and printing service.  This venture introduced a large, approximately 185,802 BTU/hr, load into a 6,200 sq. ft. area, as a result of Xerox’s  equipment.  Since the AHUs serving this area, were 100% return air units, outside air could not be utilized for cooling without costly and extensive duct modifications.  This extra internal load would require year round cooling, approximately 20-40 tons.  A plate and frame heat exchanger was recommended to provide “free cooling” when outside air temperatures were below 45o.  The chilled water return would be routed to the cooling towers, bypassing the chiller, thus eliminating their need during outdoor temperatures below 45oF.  The heat exchanger was sized to provide 100 tons of capacity to provide “free cooling” for other areas during the mid-season.

PERFORMANCE GUARANTEE  

Because of the capital investment required with this project, a performance guarantee was negotiated with Westinghouse.  The Performance Guarantee was of the Measure specific type, where baselines specific to each retrofit were constructed prior to installation of the individual retrofits.  These baselines included hours of operation, along with physical measurements of flow temperature (etc.), during operating hours.  After the retrofit, measurements were made of the physical values, and the actual energy cost avoidance was calculated for each specific retrofit, as noted in Table 1.  

TABLE 1

	ECO DESCRIPTION
	ANNUAL COST AVOIDANCE

	BUILDING ONE
	

	Occ/Unocc Control-night setback
	$10,401.35

	Outdoor Air Economizer
	$14,182.00

	Fan Speed Drives
	$16,374.24

	Exhaust Reduction during Unocc.
	$  7,796.64

	Primary/Secondary Pumping
	$11,288.43

	Chiller Cross Connection
	$  5,817.00  

	Building Load Reduction
	$  1,049.82

	Lighting Retrofit and Controls
	$16,211.66

	Condenser Water Economizer
	$  7,666.00

	TOTAL BUILDING ONE
	$90,787.14

	
	

	BUILDING TWO
	

	Occ/Unocc Control-night setback
	$  6,904.00

	Outdoor Air Economizer
	$10,278.28

	Fan Speed Drives
	$14,447.95

	Exhaust Reduction during Unocc.
	$  3,486.60

	Building Load Reduction
	$  2,451.26

	Lighting Retrofit and Controls
	$30,181.95

	TOTAL BUILDING TWO
	$67,750.04

	
	

	TOTAL BOTH BUILDINGS
	$158,537.18  

	
	


After the final selections of ECOs were made by Westinghouse, the combination was reviewed for potential overlap or double counting of energy cost avoidance.

The performance guarantee was an annually renewable guarantee with an associated monitoring cost.  In addition to the Measure Specific Performance Guarantee of $120,000/year, Westinghouse did their own monthly bill comparison of  pre and post-energy conservation installation.  These comparisons were not adjusted for degree days, occupancy, or any other building dynamics.  Figures 1, 2, and 3 illustrate the cost KWH and KW of WCIS before, during and after installation of the ECOs.  The load adjustment depicted was measured with separate KW & KWH meter monitoring of the Xerox equipment.  Following the first full year of post installation performance of the retrofits, Westinghouse allowed the guarantee to expire.  This was due to the verified high performance of the project, and savings that were in excess of the guarantee.
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