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Abstract
The Atlanta Federal Center (AFC) is one of the major federal facilities in the Southeast region, hosting many government agencies. One of the major challenges and operation goals of GSA (General Services Administration) is for that building to achieve the Energy Star designation. Due to the complexity of the facility, the requirements of building occupants and other difficulties, finding a path for optimizing the operation of HVAC system in order to achieve the Energy Star is not always easy. To put the problem in a relatively “pure” technical perspective, this project uses computer simulation tools to create a “virtual environment”, in which operation of HVAC systems is studied. Subsequently, recommendations are made and tested in the field. This paper discusses major aspects of the project, the challenges of applying computer simulation techniques in a facility with very much complicated structural, occupancy and operation features.
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1. Introduction
The AFC (Atlanta Federal Center) is located in downtown Atlanta (See Figure 1 and 2). The facility consists of a high-rise tower (of 25 stories), a bridge crossing the Forsyth Street that connects the high-rise to a 12-story mid-rise tower, the mid-rise tower, and the 1924 building (the historic Rich’s Department store), directly connected to the mid-rise. The total area for these structures is more than 1.4 million square feet (See Table 1). In addition, there is a ten-story parking garage attached to tower building; four stories of which are located underground and the rest are on-grade and blend in with adjacent office space.

An initial study on the energy consumption of the building showed that the building had a score of 62 for Energy Star rating, which was lower than the required score, 75, for Energy Star designation (See Table 2).  The analysis also implies that the energy consumption rate of this building may be above the national average rate that is 50 according to the ENERGY STAR® tool (EPA, 2004) . In addition, the energy consumption for a typical office in the USA is $1.5 per square foot per year (Johnson Controls, 2001). For this building, the energy cost per square foot is $0.98 (from July 1999 to June 2000) and 1.15 (from July 2000 to June 2001), which further supports the observation that the current status of energy consumption is better than the national average. Other comparisons using US office costs index (Johnson Controls, 2001) also reveal similar results. The initial study seems to indicate that the existing energy performance of the building may not be very far from achieving the designation of the Energy Star designation.
An ALERT (Assessment of Load and Energy Reduction Techniques) was assembled to perform an assessment on the facility, which results in several recommendations. Among them, three areas are targeted for improvements, i.e. heating energy reduction, HVAC fan runtime reduction and savings from lighting. The objective of the project was thus to explore those recommendations, including low-cost improvements and more expensive ones, in order to achieve Energy Star designation. To this end, computer-aided simulation (DOE2 tools) was applied to analyze the existing energy consumption and to determine solutions for improvements (Simulation Research Group, 1998 and Waltz, 2000). This paper discusses some of the modeling and experiences from this project.
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Figure 1 An Aerial View of the AFC Building
Table 1 Building Physical Attributes and Operation Data

	Space Name
	Space Type
	Start Date
	Floor Space
	Operating Hours/Week

	Data Center
	Computer Data Center
	07-26-1999
	11,203 sf
	168

	Food Service
	Mercantile and Services
	07-26-1999
	31,402sf
	40

	Office
	Office
	07-26-1999
	1,444,960 sf
	84

	Total
	
	
	1,487,565 sf
	


Table 2 Results of the Initial Energy Efficiency Assessment

	
	This Building
	Energy Star Target
	Average

	
	Year Ending
	Baseline Year Ending 7/2000
	Your Target
	
	

	
	July 25, 2001
	
	
	
	

	Score
	62
	68
	75
	75
	50

	Energy Use (kBtu/sf)
	79.0
	74
	67.4
	67.4
	92.6

	Energy Cost ($/yr)
	1,704,037
	1,466,220
	1,457,501
	1,404,250
	1,927,760


2. Methodology

2.1 Data Collection

Data acquisition is primarily concerned with collecting data relevant to the energy performance of the facility to ultimately simulate actual energy behavior.  The data substantially cover fundamental building characteristics such as geometrical configuration, internal loads, building shell, energy systems including water-side and air-side HVAC systems, and operations.  

The bulk of collected data is gathered based on AFC as-built blueprints (architectural, electrical, HAVC, lighting, etc.) and specifications, while interviewing with facility management personnel augments, validates and ensures that facility data are up-to-date and conforming with the current building conditions.  The building automation system, Metasys from Johnson Controls, is another substantial data-source for building operation data.  A wealth of data such as operating hours, and temperature and pressure set-points are referenced from the Metasys.  

The following are the major types of building and HVAC system data that are collected for assessing building energy performance (for details please refer the model itself): 

· Geometrical Configuration and building footprint, 

· Building shell and construction materials, 

· Internal loads including occupancy/un-occupancy loads of employees during day and after-hours, office equipment, lighting systems, and heating and cooling loads, 

· Operating schedules including occupancy and after-hour schedules, 

· HVAC system equipment and operation, including the water-side and the air-side systems.
2.2 Modeling

The model is created from the building characteristics acquired from our building survey and the as built documentations, specifications and drawings. eQuset, which is based on DOE2.x simulation engine, is used as a tool for performing simulation and analysis. 
2.2.1 Geometric Modeling

In order to create a building model for the eQuest simulation, a geometric model of the building is created and then the characteristics of each modeled space (Figure 2 and 3) are specified accordingly. The layout of the geometric model or the connectivity of the thermal zones is based on the HVAC system drawing. Afterwards, the HVAC system of the building is created, and then the controlling unit, in this project, the AHUs (Air Handling Units).
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Figure 2 Geometric Representation of the AFC Building (South-East View)
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Figure 3 Geometric Representation of the AFC Building (South-West View)
The geometry model of the buildings was created based on the world coordinate of the building, and then the building is rotated 38 degrees clockwise according to the azimuth angle of the building. The interior walls are classified into two types: solid wall and air wall. The interior partitioning is determined by two criteria: the thermal zone according to the HVAC diagram, and the partition of the floors above and below for the consistency in specifying the adjacent space or the space “next to” or on the other side of the wall. These criteria post challenges in the geometric modeling of the building. For example (Figure 4), the floors of space B and C can be specified as interior walls that are next to space A instead of specifying the floor above A as an interior wall next to space B or C. However, with space D acting as a plenum space above space A, the job can be done more easily because no matter how busy the partitions of the space above and below are, the plenum space can be shared as the “next to” type of space for the interior wall specification and act as a transition to the next floor.

[image: image4]
Figure  4 Thermal Zone Design

The plenum spaces above the ceiling are created to be the return air space for the AHU. Like other thermal zones, the plenum layout has to be consistent with the adjacent spaces on the other side of the ceiling and floor in terms of the geometry. To separate each plenum from one another, the air walls are used as partitions. In the high-rise building, basically, we tried to partition the plenum into mainly three parts: the plenum in the tower area, connector area and bridge area. The C building and Rich building also have their own plenum spaces to separate the return air since they do not share the same HVAC system.

To simplify the model, the model uses multipliers for typical floors. However, the complication of the building, especially the types of the wall that differ from one floor to another, limits the use of the multiplier to only the typical floor of the tower despite the similar geometry.
Thermal zones consist of the perimeter, core and plenum spaces. The perimeter spaces, strips of space around the building, are 15 feet wide; except for the ones of the connector and the bridge, which are 9 feet wide according to the HVAC drawings.

The new additions: the high-rise and mid-rise, have curtain wall systems with mainly two types of glass. The remainder of the exterior wall system is masonry concrete blocks masked and concealed with decorative precast concrete boards on the outside. Rich building, with more traditional window openings, is enclosed with pale-yellow brick veneer exterior walls. 

The roofing systems are 8 inch concrete roofing slabs insulated with felt-bitumen and rigid insulating stucco. Waterproofing and drainage matting are used to enhance the resistance against the severe weather conditions. The roofing systems are finished with polished and honed terrazzo marble. The interior floors are finished with tufted carpet.
2.2.2 Internal Loads

Types of internal loads considered in the model include human occupants, overhead lighting, task lighting, plug loads, and data centers. The data are mostly collected via surveys. In many cases, data collected are not directly associated with each thermal zone, rather than the data are the total for a floor, or the entire building. In such cases, this model uses an averaging approach based on the percentage of a particular thermal zone area to the total floor area.
Figure 5 shows a list of thermal zones defined in the model (in the left panel) and a particular zone that is highlighted. Figure 6 shows some of the internal load definition for that specific thermal zone. It can be seen that besides geometric information about the thermal zones the model also allows user to define energy consumption for equipment and lighting in the zone. Infiltration methods and day lighting can also be specified in the model.
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Figure 5 Thermal Zones in the Model
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Figure 6 Internal Loads in the Thermal Zone
2.2.3 Water and Air-Side Systems
Minimum data input strategy was resorted to due to the lack of data related to chilled-water loops. The model only specifies data from equipment specifications and leaves the DOE2.x engine to calculate other relevant data.

The central chiller plant is in the basement and consists of five Trane chillers, four 1310-ton units and one 500-ton unit, and is located in basement of the high-rise, with chilled water pumped throughout the facility (bridge, mid-rise and 1924 building).  Primary-secondary pumping with variable speed pumps on the secondary loop is used.  An Alfa-Laval plate heat exchanger allows water-side economizer operation, with 2000 tons of cooling capacity when the outdoor wet-bulb temperature is 38F and full cooling tower flow is maintained.  Towers are on the roof. The economizer is not utilized and is not modeled either. 

In the primary loop, the configuration of chillers and pumps are parallel in that one chiller is served by one pump for the condensation cycle and another pump for the evaporation cycle. The configuration of the primary pumps and secondary pumps are serial. The data required for simulating the working conditions of chillers, pumps, and cooling towers are obtained from equipment specifications, design documents and surveys. Figure 5 shows the water-side configuration.
The air-side units are floor-by-floor variable speed air handlers with chilled water coils. Interior zones are controlled by VAV boxes to maintain interior space conditions at reasonable comfort levels (with no heating available) and exterior zones control is supplemented with Powered Induction Units (PIU) with heating coils.  Minimal outdoor air is provided and no air-side economizers are used. The data for simulating the operation of air-sides units are obtained from equipment specifications, design documents and surveys. Figure 6 illustrates the air-side configuration.
[image: image7.png]AFCproject - eQUEST Quick Energy Simulation Tool CEX)

F161%

Uity

S—

= & chiler1
Punp 1
punp &

= & chierz
Punp 2
Punp 7

= & chier
Punp 3
pury

= & chiers
Pup 4

= & chier
Punp s
punp 1

"Wistart [ @vmnzh-.. |denemsm. | GijArcropos. | B Arcoocumen. | O WndowsTan | (3] AFcoroect... |/ #3 B @) IBVEILY tsam




Figure 5 Water-Side System Simulation
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Figure 6 Air-Side System Simulation

2.3 Model Assessment
The model was assessed based on one-year (2001) electricity data because that year the operation was relatively stable. Before and after that year, there were operation changes made to the HVAC system and eQuest does not support the co-existence of various operations for simulation, which limits our use of actual electricity data.
Paired-samples t-test was applied to compare the data from simulation and from the electricity bill to determine if there is a significant difference. A statistics software tool, SPSS version11, was used to facilitate the analysis.

Table 3 Electricity Data for Model Assessment

	Month
	Metered (kwh x 1,000,000)
	Simulated (kwh x 1,000,000)

	Jan
	4.24
	4.20

	Feb
	3.48
	3.46

	March
	3.3
	3.32

	April
	3.1
	2.72

	May
	2.73
	2.75

	June
	2.92
	2.80

	July
	2.997
	2.98

	Aug
	2.81
	3.12

	Sept
	2.82
	2.58

	Oct
	2.51
	2.60

	Nov
	2.9
	3.14

	Dec
	3.85
	3.68
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Figure 8 Metered vs Simulated Electricity Usage

Table 3 shows 12-month electricity data from meters and the simulation model. Figure 8 descriptively demonstrates the patterns of the two data series. The two patterns are very similar except for data for April, August and September, which show some irregularities. In order to verify there is no significant differences between the two data series, paired sample tests were preformed. The results of the tests are shown in Table 4, 5 and 6.
Table 4 Paired Samples Test
	 
	Paired Differences

    
	t
	df
	Sig. 
(2-tailed)

	
	Mean


	Std. Deviation


	Std. Error Mean


	99% Confidence Interval of the Difference


	
	
	

	
	
	
	
	Lower
	Upper
	
	
	

	 Metered - Simulated
	.0256
	.19125
	.05521
	-.1459
	.1971
	.463
	11
	.652


The value of significance, .652, in Table 4 indicates that there is no significant difference between the two data sets at 95% confidence level. Meanwhile, the correlation analysis shows that these two data sets are significantly correlated. The statistics, Table 6, also show that the means for the two data sets are very similar. The statistics analysis indicates that the model can generate viable data.
Table 5 Paired Samples Correlations
	 
	N
	Correlation
	Sig.

	Metered  & Simulated
	12
	.925
	.000


Table 6 Paired Samples Statistics
	 
	Mean
	N
	Std. Deviation
	Std. Error Mean

	Metered
	3.1381
	12
	.50087
	.14459

	Simulated
	3.1125
	12
	.48769
	.14078


3. Optimization

Before optimization was introduced to the model for evaluation, observations were made to existing facility operation and maintenance. It has been noticed that AHU fans are locked into manual mode, meaning they run all the time, regardless of what the Metasys tells them to do.  This has negative ramifications as to how much wasted fan energy is used up especially during unoccupied periods. Also, the Metasys programming does not map the control of the PIUs to an unoccupied setting for heating, which resulted in the PIUs supplying heating energy even when the central AUH fans are off.  This means these terminal units operate during after-hours to maintain space temperatures at 72 F or above all the time. Implementation of heating setback involves mapping the unoccupied period control of the PIUs to Metasys so that the space heating temperature setpoint is 72 F during occupied periods and 68 F during unoccupied periods (all other times).  These two approaches do not cost too much to implement if they are feasible.
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Figure 9 Electricity Consumption by Different Scenarios
Another more expensive approach, which may result in more energy saving, is to reduce the lighting energy consumption in the facility. Current lighting practices and schedules do not reflect optimized usage and, if monitored and adjusted, can provide significant energy savings. Main overhead office lights are supposed to have regular occupancy schedule, yet the reality indicates lighting schedules extend after-hours to allow cleaning crews perform their job but with a huge time window.  This is essentially due to lighting controllers which are centralized in each floor so that a whole floor has to be on if after-hour lighting operation is desired. Compounded with these practices, the high-rise cafeteria lighting setup illuminates approximately 7 W/S.F., and does not take advantage use of daylight harvesting of the perimeter lighting provided by Northern and Southern Cafeteria glazing.  A threshold of 1.8 W/S.F. has been documented based on as-built lighting drawings and could provide sufficient illumination for the cafeteria area.   

Multiple recommendations are considered to optimize lighting practices at the facility.  Having lights on more than 12hr/day is not effective energy management, so stringent occupancy schedules are to be enforced to control the facility lighting systems.  For after-hour office demands and/or janitorial purposes, decentralizing lighting controllers (localization) or installing occupancy-sensing light controls similar to EPA’s lighting retrofitting project to suit occupancy loads in the workplace and trim on energy consumption.  This can be accomplished through means of detecting human presence and signal to turn lights on by floor zone for a specified period.  Descent energy savings can be observed if normal occupancy schedules have been adapted to control lighting on the bridge.  Furthermore, daylight harvesting along with as-designed lighting operations have to be considered when improving cafeteria lighting. Although it is difficult for eQuest to simulate the schedule, it is possible to find out the results of reducing lighting the cafeteria area by reducing the number of watts per square footage. 
Meanwhile, upon reviewing EPA’s overhead lighting metered bill for October 30th, 2002, a power density figure of 0.88 W/S.F. has been measured after the completion of the EPA’s lighting retrofitting project.  Office overhead lighting load of 1.2 W/S.F. has been substituted for EPA’s calibrated figure in all office zones.  
In addition, normal occupancy schedule (6:00 AM TO 6: PM with automatic shutdown for the night) takes place at the bridge area to regulate lighting instead of the 24 hours/day, 7 days/week current operational mode. These features are then introduced to the eQuest model for evaluation. Figure 9 and Table 7 shows the results of the evaluation.
Table 7 Metered and Simulated Electricity Usage
	Month
	Metered
	Simulated
	Heating
	Heating + Fan
	Heating + Fan + Lighting

	Jan
	4.24
	4.2
	3.97
	3.3
	3.2

	Feb
	3.48
	3.46
	3.22
	2.68
	2.59

	March
	3.3
	3.32
	3.12
	2.72
	2.58

	April
	3.1
	2.72
	2.7
	2.41
	2.27

	May
	2.73
	2.75
	2.75
	2.42
	2.26

	June
	2.92
	2.8
	2.8
	2.45
	2.3

	July
	2.997
	2.98
	2.98
	2.6
	2.43

	Aug
	2.81
	3.12
	3.12
	2.77
	2.58

	Sept
	2.82
	2.58
	2.58
	2.22
	2.07

	Oct
	2.51
	2.6
	2.6
	2.32
	2.16

	Nov
	2.9
	3.14
	2.94
	2.52
	2.39

	Dec
	3.85
	3.68
	3.4
	2.71
	2.62

	Total
	37.657
	37.35
	36.18
	31.12
	29.45

	% Saved
	 
	 
	4%
	17%
	22%


Resetting heating setpoints was first introduced to the system, which results in a 4% energy reduction (Table 7). Then optimizing fan operation was added to the model and resulted in 17% of energy reduction cumulatively. On top of these two strategies, lighting reduction was introduced to the model. There was a total of 22% energy saving observed from the simulation.
3.4 Energy Evaluation
Table 8 below shows the as-built input data for the Energy Star rating estimates, using the Benchmarking provided by EPA.  The model shows that according to the 2001 energy bill the AFC would rate around 62 on the Energy Star rating.  When implementing various energy-saving scenarios the facility can achieve Energy Star label status of 75 or above.  Upon inspection, using only the low-cost solutions, resetting heating setpoint and fan operation can reduce the overall energy consumption significantly but may not guarantee an Energy Star rating for the facility, considering variations in the simulated results.  When applying a combination of energy-optimizing methods, i.e. all three strategies, considerable savings can be attained, which offers high possibility to lead to the Energy Star designation (See Table 8)
Table 8 Energy Star Evaluation Results
	Solution
	Floor Space
	Actual Energy Intensity
	Score

	As-built (no improvement)
	1,487,565 sf
	93.9 kBtu/sf
	62

	Heating 
	1,487,565 sf
	83.2 kBtu/sf
	66

	Fans & Heating Setback
	1,487,565 sf
	77.8 kBtu/sf
	77

	Lighting & Fan & Heating
	1,487,565 sf
	67.7 kBtu/sf
	80


4. Conclusion

This project, combining the power of the Energy Star Portfolio Management tool by EPA and eQuest, analyzed the operation of an existing facility in order to formulate methods for achieving the Energy Start designation. Based on expert observations and qualitative analysis, three strategies are formulated. This project is to quantify their cumulative results to determine whether they are sufficient for our energy saving goal. According to the study, resetting heating setpoints alone will not lead to sufficient energy savings to achieve the designation. The combination of resetting the heating setpoints and controlling AHU fan operation will result in sufficient energy savings, which may or may not be enough for getting the designation. However, the combination of the three strategies will most likely be sufficient enough for achieving the Energy Star designation.
In addition, through this study, some observations regarding the use of the simulation tool have been made. Although computer-based simulation offers a valuable tool to energy studies like the one performed in this project, the process of creating the simulation model is very time consuming and resource demanding. Especially, for a complex facility such as AFC correctly defining thermal zones becomes a major challenge because thermal zones will significantly affect the simulation results, on the other hand over defining thermal zones will complicate the work. Another challenge is acquiring data, which is the base for building a viable model. The success of a simulation project is often at the mercy of the availability of data, such as as-built building data, system specifications, operation schedules and so on. This requirement may put some facility off the limit for simulation as there might be tremendous difficulty in getting proper data. Otherwise, the accuracy of the model will be compromised. In addition, there still limitations in the tools, which prohibit the model from reflecting the reality. For example, there is only one type of operation schedules can be used in one simulation calculation. However, in realty, during the simulation time period, there might be several operation schedules of the same type. In simulation, this cannot be modeled. All these limitations of the existing tools eventually contribute to the disparity between the results from the meters and the models. Nevertheless, the simulation offers a reusable and effective tool for energy efficiency studies.
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