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EXECUTIVE SUMMARY	
	
Technical Report 2 analyzes the energy consumed by the building and plant annually for 
Pharm Corp, located in Delaware. The information from this report was gathered from the 
mechanical and architectural drawings provided by both AKF Group, and Granum A/I.  

 
With the use of Trane Trace 700, the building was modeled and analyzed for energy 
consumption, peak design load and operating cost throughout a year. All of the 
assumptions and schedules were either provided by AKF Group, such as occupancy and 
ventilation rates, or based on general office operating schedules selected in Trane Trace 
700. ASHRAE 62.1 was used for ventilation rates. ASHRAE 90.1 was used for lighting power 
density values through office space, atrium space and dining areas.  
 
The cooling plant modeled is a closed-circuit cooling tower providing condensate to a 
water-cooled DX AHU. Heating is provided by the air-side economizer at the unit, with 
additional electric reheat coils in the VAV terminal unit boxes. Perimeter heating is at all the 
curtain walls and windows.  
 
The cooling load calculated by Trane Trace 700 is 627.4 SF/ton compared to the design 
documents value of 505.2 SF/ton. The cooling load has a relationship with electric demand, 
along with the temperature fluctuation. Both cooling and electric demand increase as a 
function of temperature, as found from Trane Trace.  
 
Heating loads are low, being 9.0 BTUh/SF from Trace and 7.9 BTUh/SF from the design 
documents. Minimal values are concluded to be due to economizer usage, along with 
possible overestimation of lighting and equipment loads. Outdoor air ventilation in Trane 
Trace is 14%, which was the designed outdoor air intake for the mechanical equipment in 
the design documents.  
 
Mechanical energy consumption within the building, from Trace, was 19% for Heating 
Plant, 32% for Cooling, 28% for Lighting and 11% for both Fans and Receptacles. The 
entire cost for the mechanical system, including maintenance, electricity and water, the 
total operating cost is $1.70/SF. The overall electric load demand of 1.7 kWh creates the 
byproduct CO2 of over 2.7 million lb/year.  
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BUILDING OVERVIEW	
	
The entire building is being evaluated within this report. Two wings are mirrored across a 
symmetric line of 22.5˚ reference line from the horizontal shown in blue, in Figure 1. The 
dashed black lines indicate the separation between the West wing, the central core, and 
the East wing. This general footprint is repeated in the upper floors, with slight 
modifications and offsets to create sustainable external green roof terraces, along with an 
architectural change in the façade.  

 
The angled in elevation faces the South elevation of the site, reducing the length of 
exposed building envelope from the southern heat gain through the glass. The lengthier 
elevation is on the North façade, encouraging natural light to enter the space. Shown in the 
schematic in Figure 2 is the south façade, which features a 4-story atrium faced with glass.  
 
 
 
 
 
 
 
 
 
 

Figure 1. Site plan of building, illustrating West, Core and East, with mirror line of 22.5o.   

Figure 2. Angled South façade, showing exposure of glass for atrium.  
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Optimizing entry of light in the morning to initially heat up the space, while rejecting heat 
gain from the sun in the afternoon is a strategy that was taken in this building. East facing 
curtain wall glass was angled inward, gathering the maximum amount of heat gain from 
the space. The West curtain wall façade, leaning outward, fights internal heat gain from the 
sun in the afternoons.  
 
As far as the interior of the building, it is composed of mostly office space, with an atrium 
on the South façade extending the 4-story vertical length, and a 2-story dining area on the 
third floor. The third floor is also where a fully functioning 10,000 kitchen exists. Figure 3 
emphasizing the view one would have form the second floor looking at the 4-story atrium 
that contains a glass-railing curved staircase and a floor-to-ceiling curtain wall. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 3. Atrium view from second floor office space.  
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MECHANICAL OVERVIEW	
	
Each floor in this building contains two mechanical rooms: one serving the West wing and 
Core areas and one serving the East wing. The mechanical rooms house one air-handling 
unit (AHU), which contains an air-side economizer with enthalpy control. The perimeter 
mechanical room brings in outdoor air through a louver. Figure 4 is an example of the 
typical AHU set up that resides in each mechanical room.  
 

 
 
The air is drawn through by the return air fan, shown in gray. Air then is controlled by the 
economizer, detecting the temperature and enthalpy of the room air and comparing it to 
the air entering from the outdoors. If the outdoor air can handle the load, the outdoor air 
damper opens and reduces the amount of recirculated air. 
 
The return air is then sent through the relief air plenum and out of the building. If the 
outdoor air conditions are insufficient for the space, then the minimum outdoor air is 
brought in, and the remaining return air is recirculated, mixed with the outdoor air and sent 
through the air handling unit to be conditioned. States were the economizer can be utilized 
partially, the outdoor air damper allows the correct amount of air the enter, determined by 
the economizer, and the remaining airflow is taken from the recirculated return air, mixed 
and conditioned in the AHU. The two paths of the return air are shown in pink in Figure 4 
above.  
 

Figure 4. Typical isometric mechanical room layout.  
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Depending on the season, the air is either cooled or heated. The mixed air combination 
entered a filter of MERV-8 to remove particulate from the air that may be dangerous to 
inhale. If the system is cooling, the load is determined in the space and the cooling coil 
valve reacts. Once the desired temperature, VAV terminal boxes control how much air is 
sent to satisfy the load. Ceiling diffusers disperse the air within the space. For part load 
conditions where the cooling coil cannot be reduced anymore, electric reheat coils are 
placed in the VAV boxes to increase the supply air temperature.  
 
For a heating condition, similar steps are taken in the beginning. The air is filtered, but the 
heating valve opens to heat the air. However, for heating in this building, there are two 
conditions that take place. For perimeter zones, the minimum amount of outdoor air is 
heated and sent to the space. The remainder of the load is served by electric baseboard 
heating, usually placed underneath windows or curtain wall glass. Figure 5 shows where 
baseboard heating is located on the first floor. For interior spaces, the space is strictly 
heated from the AHU and supplied from the VAV boxes. The economizer, when utilized, 
recirculated return air, offsetting the heating energy that has to be used.  

 
  

Figure 5. Electric baseboard locations in atrium. 
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LOAD ESTIMATIONS	
 
Design Conditions  
Location 
The site of Pharm Corp. is located in 
Delaware, classifying it as a 4A zone, 
indicating it is a warm, moist area. A 
temperature range model was 
constructed for the average high and low 
temperatures throughout the year. Figure 
6 displays the variation in temperatures, 
with the average high peaking at 86℉ for 
the cooling season and the average low 
dropping to 25℉ during the heating 
season. Rainfall at this site is consistent 
annually, ranging approximately 3”-4” per  
month, totaling an annual approximation of  
43”-48”.  
 
From the ASHRAE Handbook of 
Fundamentals 2009, the outdoor air design 
temperatures were selected at the 99.6% 
and 0.4% conditions for winter and summer, 
respectively. The table to the right shows 
what ASHRAE states as the design conditions are for Delaware.  
 
Building Construction 
Upon entering this building, one walks into a 4-story atrium faced with a floor-to-ceiling 
curtain wall, housing a curvature staircase. This continuous system is Wall Type 1, which is 
strictly a curtain wall glass system design. Continuing through the building, to either the 
West or East of the atrium resides office space with an envelope wall assembly of Wall 
Type 2, which is a combination of a metal wall panel assembly and a curtain wall glass 
system. Curtain wall percentages fluctuate between 25-30%, depending on the elevation 
of the building, so the U-value used was the 30% glass. The final wall assembly, Wall Type 
3, is strictly a metal wall panel construction. Location of this wall type is on the North side 
of the building where the mechanical rooms, restrooms and any facilities are located. 

Figure 6. Annual average temperature fluctuation. 

Table 1. Pharm Corp. outdoor air design conditions. 
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Table 1 and Figure 7 below show the wall construction U-values along with their location in 
the building.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Building construction wall assemblies with thermal U-values.  

Figure 7. Different wall type locations. 
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Angled glass on the East side leans inward, curtain wall system A, allowing the light to 
enter the space. Some of the East side glass, curtain wall system B, is vertical, allowing 
sunlight to enter during all seasons. These are heating strategies in the winter to get early 
natural heat from the sun to heat the space. Curtain wall system C on the West face 
prevents sun from entering in the summer, to easily maintain the design set point, while 
some sunlight can enter during the low azimuth sun level in the winter. The different 
sloping glass walls can be seen in the Figure 8 below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Load Assumptions  
Occupancy and Ventilation 
Occupancy densities were selected by Pharm Corp. There are three types of occupancies 
in this building that needed to be determined. For an office zone, the design criteria is143 
SF per person, which results in 7 people per 1000 SF. ASHRAE has an occupancy density 
value of 5 people per 1000 SF, so the default value is less than the desired number of 
employees per 1000 SF.   
 
For the dining area, it was designed to fit up to 300 people on a regular occupancy 
schedule, but can accommodate 700 people during a town hall meeting, taking place four 
times a year in the space. The adjacent kitchen will also have a designed number of 
workers in it, which was chosen to be 30 people. All of these densities were entered into 
Trane Trace 700 to calculate the appropriate ventilation rates needed.  

Figure 8. Curtain wall systems.  
*Note: AGA=angled glass assembly, MWPA=metal wall panel assembly 
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Thermostat Set Points 
The MEP engineers, AKF Group, selected the indoor air design conditions for Pharm Corp. 
The cooling season condition changes between the space types, while the heating 
condition remains the same. Appendix A contains a psychrometric chart of the procedure 
that the air goes through in the cooling case for the typical office. 
 
 
 
 
 
 
 
 
Lighting and Equipment 
The allowance for the lighting load was also selected AKF Group. Table 3 shows the 
interior lighting heat rejection allowances that may add to the load of the space. These 
values are in accordance to Table 9.6.1 of ASHRAE Standard 90.1-2010. The lights selected 
provided 80% of its heat rejection into the space, with 20% of the heat going into the 
plenum.  
 
The equipment heat rejection allowance for the atrium and general office space was 
determined by Trane Trace 700. With the office space not being assigned a specific usage, 
the upper end of 2 W/SF was used for the office equipment load. The kitchen contains 
many pieces of equipment constantly being used, so the threshold for equipment heat 
rejection is 25 W/SF. This correlates to a higher designed cooling condition as shown in 
Thermostat Set Points. This is also the reason that the heating condition did not change for 
this space, since the equipment is going to be generating heat into the space.   
 
Schedules 
Determining the schedule for a headquarters of a company was assumed to be fully 
operational between the normal working hours of 8 am – 5 pm, Monday through Friday. 
Although the headquarters can operate past these general operating office hours, the 
slightly overestimated W/SF for the office space allows for it. All of the schedules were 
designed the same way – lighting and equipment usage.  

Table 3. Design constraints for each space type. 
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The schedule that was difficult to design for is the four-times a year town hall meeting that 
will take place in the dining area and would be operating outside of the normal business 
hours. For simplicity and reasonable economic numbers, this was not accounted for. 
 
Zoning 
For the block load that was computed, the perimeter zone and interior zones had to be 
separated consistently to provide accurate data. Perimeter zones were designed with 15 
feet depth into the space from the exterior exposed wall. If the perimeter zone had a wall 
that was located near the perimeter zone that separated the interior and perimeter zone, 
then that length was taken for those areas. This can be especially seen in Figure 9 for the 
left image. 1W Atrium zone is slanted due to the interior wall.  
 
The figures below illustrate some of the zones that were designed to show the approach 
taken. The nomenclature remained the same throughout all of the floors to provide 
consistency when reading the zone loads. Appendix B contains all of the system 
checksums with their heating and cooling loads, along with the required airflow needed. 
The take on the same nomenclature system as in Figure 9.  
 

 
 
 
 
 
 

Figure 9. Typical zoning for each floor. 
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System Equipment 
Air-side Equipment  
The air-side equipment that is used within this building are air-handling units to VAV 
terminal unit boxes that provide cooling to all of the spaces. Two 270-ton closed circuit 
cooling towers are used to provide condenser water to the air-handling units in the 
mechanical room. Each air-handling unit fluctuates on its demanded load, which will be 
visible in the next section. The heating system has electric reheat coils in the VAV boxes 
for interior zones. All the perimeter zones have their heating demand satisfied by the 
electric perimeter baseboard heaters. Both the heating and cooling air-side equipment 
utilize an economizer, when ambient temperatures allow for it, to offset the cooling and 
heating load. 
 
Overall Heating and Cooling Loads 
With all of the load assumptions and air-side equipment being input into Trane Trace 700, 
the cooling load, heating load, and airflow amounts were determined for the block load. 
Table 4 is a breakdown of all the calculated amounts, and are compared to the design 
documents that were provided.  
 

 
 
Comparing the values from Table 4, the cooling load is not as great. Trace provides the 
ventilation needed to satisfy the capacity based on the load assumptions stated above. For 
a block load, the assumed occupancy for the desired schedule that was selected may 
differ from the design document values that were calculated by the MEP engineer. The air 
change rate may have been adjusted in the design documents, decreasing the amount of 
square footage that a ton of cooling could satisfy.  
 
Relating the heating values, they are within 12% of each other when comparing the BTUh 
per SF. The values seem relatively low compared to what one would expect, but the 
reasoning is that a majority of the heating that is provided is not from the units; rather it is 
from the perimeter baseboard heating. Other interior heating loads are small due to the 
occupancy density, lighting loads and equipment loads. Those small loads can be partially 

Table 4. Comparison between computed loads and design document loads. 
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met from the air-side economizer, mixing the maximum recirculated air with the minimum 
outdoor air ventilation rate value.  
 
With the computed tonnage from Trane Trace being less than the design documents, it 
also decreased the amount of air that is being supplied per SF of the building, and the 
percentage of outdoor air per SF that is being supplied. The MEP engineer designed the 
system to have a value of approximately 1 CFM/SF, which is their general design guideline 
for an office building. They also designed their AHUs to have a minimum of 20% outdoor 
air, which is the lowest threshold that the air-side economizer was designed for.  
 
The units that were selected originally were designed for 15% outdoor air, and then later 
increased to 20% for the economizer. So as for the outdoor air rate that was calculated by 
Trace, the value is accurate to the initial design.  
 
Load Source Description 
The three main load sources are envelope load, internal load and ventilation load. For the 
cooling case, the main areas that add load to the space are through glass solar, lighting, 
people, miscellaneous equipment, and ventilation. The internal load is 43% of the total 
load, followed by envelope load of 27% and then ventilation with 25%. These three are the 
majority of the load, summing to 95% of the created load.  
 
As for cooling, the same three main load sources are envelope, internal and ventilation 
loads. The percentages responsible for the increase in demand heating are different, 
however. The ventilation load is responsible for creating 49% of the load, above the 
envelope load at 36% and surpassing the return air reconditioning of 16%.   
 

Conclusion 
The main driving force behind the computed values from Trane Trace 700 refers back to 
the load assumptions that were designed for. The occupancy density increases the amount 
of load radiated from individuals, and the schedule for the occupants will reflect on how 
much full-load cooling will be brought to the space. Increasing the occupancy schedule will 
correlate to an increased lighting schedule and equipment schedule.  
 
The other variable would be the zoning that was selected. The perimeter depth into the 
space will affect how much floor area Trace registers as being influenced from heat 
transfer through the envelope. The more area influenced by the heat transfer results in 
larger cooling loads, increased amounts of airflow and decreased square footage per ton.  
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ANNUAL ENERGY CONSUMPTION	
 
Fuel Consumption 
Pharm Corp. was designed with 
mechanical equipment that only 
operated by electricity. The pie graph 
on the right shows the ratios of energy 
per each category that uses electricity 
within the building. The largest 
consumption is for the lighting load, 
with the majority of the building being 
9-hour office space. The categories 
that were compared are: Heating 
Equipment, Cooling Equipment, 
Auxiliary Fans, Lights, and Receptacle 
Loads.  
 
Delaware has approximately the same heating and cooling seasons, with cooling edging 
out heating due to the internal heat gain from lights, equipment and people. The 
receptacle load is the lowest of the categories due to not all of them being used at once. 
This is from the 50% diversity factor when calculating receptacle loads. The equation 
below shows how a receptacle load is computed: 
 

"#$. &'() = 100% ∗ 1/0	10,000	34ℎ + 50% ∗ ((9:	());0;'9(<	=#$#>0(?<#	34ℎ)	 
 
Investigating the electricity consumption when looking at the cooling load profile, there is 
a strong relationship. As the cooling load increases, the electricity demand needed also 
increases, generally in the same shape. This correlation can be viewed in the right figure.  
 
 
 
 
 
 
 
 
 

Figure 10. Ratios of electric usage. 

Figure 11. Cooling load profile v. electric demand. 



TECHNICAL REPORT 2 PHARM CORP. Ryan J. Schulok 

	 PAGE	|			19	

 
A monthly breakdown of each electric consuming category is located in the cluster bar 
graph in Figure 12. There are two main takeaways from this figure that are helpful. The 
lighting electric demand and the fan electric demand are approximately consistent 
throughout all of the months. This is equivalent to a “baseload” demand. They do not 
change so they are easy to approximate. The other loads, cooling and heating, are 
“dynamic” loads. They are influenced throughout the year from the temperature 
difference. Besides January, most of the months are approximately the same. As the 
cooling loads decrease, the heating load for that month increases.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Water Consumption 
Water usage in the mechanical system is for the two 270-ton closed-circuit cooling towers. 
The tower uses three 810 GPM condensate pumps to provide condensate to the water-
cooled DX air handling unit. The water 
consumption is graphed below. Analyzing this 
graph, it takes on the same profile as the 
average high temperature profile for the site. 
This demonstrates the dependence of 
condensate water needed to meet the cooling 
demand load as temperature fluctuates.  
 
The peak amount of water used is in July, 
being 312,000 gallons, with the annual amount 
of water being approximately 2.1 million 
gallons.  

Figure 12. Monthly electric demand breakdown. 

Figure 13. Monthly water demand. 
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Existing Energy Model 
AKF Group performed an energy model analysis of Pharm Corp. The analysis was based 
on protocol of ASHRAE 90.1-2010 Section 11 Energy Cost Budget (ECB) method. The 
design proposed cost cannot exceed the energy cost budget for the building. eQUEST v3-
64 was the program used. Courtesy of AKF Group, figures of the design schedule are 
provided below, in Figure 14.  
 

 
 
 
Comparing these results to the schedule described in the Load Assumptions section, the 
approximations are the same for the weekdays, with the weekends being different from 
the general office operating hours. The lighting profile is assumed to be 90% operative 
throughout the main operating hours.  
 
Lighting power density values were taken from Table 
9.6.1 from ASHRAE 90.1-2010, which is the same 
table as the assumptions prompted above. Their 
annual energy consumption values are in Figure 15. 
 
The blue bars are the proposed design while the 
gray bars are the energy cost budget model, which 
cannot be exceeded. The space heating energy 
exceeds the proposed design, which concludes that 
it may be necessary to re-evaluate the heating 
method that was proposed within the building.  
 
 

Figure 14. Schedules created by AKF Group in eQUEST. 

Figure 15. Conducted energy model analysis. 
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Annual Consumption Results 
Using the same schedules as in the Load Assumptions section, which are occupancy being 
from 8 am – 5 pm, lighting and equipment operating the same hours as occupants are 
there, the values for annual water consumption and air rates were calculated. The air rates 
to the space are affected by the load that needs to be met. The increasing load has a 
strong relationship with the electric demand for the building. As the rate of cool air to the 
space decreases, there is an increase in the warmer air that is being distributed.  
 
Electric is the only fuel-type that is used within the building, which is the most efficient 
energy source on-site, while it is the least efficient source off-site, since it is 33% efficient 
during it generation, transportation and distribution (GTD). The result that stands out the 
most is the electric use for all of the heating for the space, which includes both VAV 
heating and baseboard heating. The baseboard heating is nearly the entire demand for the 
space heating, since the VAV heating that is used, being 9 MBH/SF, is also accommodated 
by the air-side economizer, reducing the electric demand for the coils. This would be the 
area to investigate more to become more energy efficient and reduce the electric 
demand in the building.  
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ANNUAL OPERATION COSTS	
 
Building Energy Costs 
The three main factors that were taken into account for building cost due to mechanical 
equipment were the cost of the fuel, cost of the water for the equipment, and 
maintenance cost to keep the equipment running properly. The unit cost for maintenance 
was taken from Trane Trace 700, being $0.50/(SF*yr). Electric costs and water costs were 
taken from the utility cost for the site in Delaware, being $0.1008/kWH and $4.88/ 1000 gal, 
respectively.  
 
Referring to Table 5, the cost breakdown is provided for the overall energy categories. As 
expected, the electricity cost on site accumulates for nearly $170,000 per year, 
approximately 67% of the mechanical consumed energy.  
 
 
 
 
 
 
Subsystem Energy Costs 
Breaking down the analysis further, the electric usage was divided into each subsystem 
that was evaluated: Cooling Plant, Heating Plant, Lighting, Auxiliary Fans and Receptacle 
Loads. The water cost was added to the cooling plant condition, since the cooling towers 
use the water to provide condensate temperatures to the chiller. The cost breakdowns are 
in Table 6, with Figure 16 supplementing it.  
 
 
 
  
 
 
 
 
 
 

Table 5. Operating cost per system in building. 

Table 6. Subsystem cost breakdown.  

Figure 16. Cost per square foot per subsystem. 
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Correlating the numerical values to the graphed bars in Figure 16, the cooling plant is the 
highest cost per SF of energy. Electricity cost is 80% of that total, with water completing 
the other 20% of the cost. Lights are the annual largest consumer of the electricity in the 
building, with the receptacle loads and fans being the smallest at $0.13/SF per year. The 
conducted energy model by AKF Group uses much more energy than that calculated by 
Trace. The difference between eQUEST and Trane Trace 700 may allow different user 
control for load assumptions, schedules and level of detail. Recommendations for 
reducing energy can still be made. 
 

Emissions	
 
Pollutant Emissions 
Electric is the only energy source used on site, so evaluating the emission rates for the 
pollutants of concern, CO2, NOx and SOx were taken from the total emission factors for 
grid delivered electricity, displayed in Figure 17. Breaking down the process for electricity, 
it has to go through three phases until it gets into the building for use. It has to be 
generated at the power plant, it has to be transported to the site which may be far from 
the power plant, and then has to be distributed throughout the building to all of the needed 
electric demands. Once this process is complete, the efficiency for the electric is reduced 
to 33%. Once the electricity is in the building and running equipment, lights and assisting in 
demand loads, the efficiency is 100%. The overall efficiency then is 33% for electric.  
 

This low efficiency generates a lot of pollutants, 
in pounds per delivered kWh. Table 7 is the 
calculated emission rates for the building for 
CO2, NOx and SOx. Carbon dioxide is the largest 
pollutants, followed by SOx and finally NOx. With 
operating costs superseding environmental 
effects of the chosen energy source, the 
emission rates result in extreme values. 
 
Overall, the emissions can be reduced if a 
different fuel source was used for heating space 
loads, which is worth looking into. 

  

Table 7. Emission pollutant per year. 

Table 17. Total emission factors from delivered electric, in 
lb/yr. 
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APPENDIX A	
 
Cooling Case Psychrometric Chart 
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