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Executive Summary 

 The following report explains the energy analysis of the Clemson University 

Advanced Material Research Laboratory.  Many different approaches were used to 

evaluate the energy of the building.   Calculating the fenestration and the lighting 

densities were a few of the approaches used.   

 A checklist from the U.S. Green Building Council’s LEED for New Construction 

was used to evaluate the building in all aspects.  Clemson University ARML proposed 38 

out of 62 credits.  The certification goal for this project is Silver.  The project proposed 

credits in the following categories:  Sustainable Sites – 9, Water Efficiency – 4, Energy 

and Atmosphere – 4, Materials and Resources – 4, Indoor Environmental Quality – 12, 

and Innovation and Design – 5.  These will be expanded later in the LEED-NC 

Certification section. 

 ASHRAE Standard 90.1 is a tool which evaluates the building envelope and 

lighting systems used in the building, not the mechanical energy performance.  This 

standard requires no more than 50% of the building envelope to be glass.  Clemson 

ARML meets this requirement with only 15.9% fenestration.  ASHRAE also requires a 

lighting density less than 1.1 W/sq ft in order to save energy.  After running the 

calculations using the Space-by-Space method, most of the spaces comply with this 

requirement. 

 The total amount of lost rentable space was calculated to be 30.4%.  Since 

Clemson University ARML is mostly research laboratories, there is a gross amount of 

equipment for this type of building.  After this, the mechanical first cost was calculated to 

be $3,024,000, with a cost of $25.85/sq ft. 
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 Carrier’s Hourly Analysis Program (HAP) was used to calculate the loads on the 

building and also to perform an energy analysis on the building.  With this program, the 

annual energy consumption and operating costs were found, along with the yearly energy 

utilization data.  The annual energy consumption, calculated to the best of my knowledge, 

is 1,266,030 kWh for the electric and 4,522 Therm for natural gas. 
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LEED – NC Certification 

 The Leadership in Energy and Environmental Design (LEED) rating system was 

created by the U.S. Green Building Council to determine the sustainability of buildings.  

Due to the recent rise in the cost of energy and resources, “green building” design is 

becoming more popular.  LEED allows one to define a “green building” along with its 

sustainability in design.  

 The LEED Rating system consists of six major categories including sustainable 

sites, water efficiency, energy & atmosphere, materials & resources, indoor 

environmental air quality, and innovation & design.  Of these six categories, 69 possible 

points are able to be achieved according to the LEED checklist. Based on the number of 

points obtained, one could earn a LEED certification rating of the following:  Certified, 

Silver, Gold, and Platinum.  Table 1 below shows the points for certification.  Clemson 

University’s AMRL was given Silver Certification after review.  Refer to Appendix A for 

the preliminary credits prior to certification.  Appendix B shows the accepted credits of 

33 out of 69 points to earn silver certification. 

  Table 1:  Points for certification 
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ASHRAE Standard 90.1-2004 Procedure 

Section 5 – Building Envelope 

Step 1:  Fenestration Areas 

 In order to determine which method to use, such as the Prescriptive Building 

Envelope Option or the Building Envelope Trade – Off Option, we must analyze two 

critical points.   

 The total vertical fenestration area shall be 
less than 50% of the gross wall area.  The 
total skylight area shall be less than 5% of 
the gross roof area. 

 
 If the total area is as follows, then the steps for the Prescriptive Building Envelope 

Option will be followed.  If one or more of the previous areas are greater than the 

allowed, then the Building Envelope Trade – Off Option must be followed.   

Step 1a:  Calculated Fenestration Areas 

 Table 2.  Fenestration 

  Elevation Area (sf)     

Material North South East West Total 

Total Windows 3104 3133 279 740 7256 
Gross Exterior Wall 

Total 20942 22053 4659 5151 52805 

Net Exterior Wall 17838 18920 4386 4411 45555 

% Windows 17.4 16.5 6.3 16.8 15.9 

 

 Total Fenestration area = 15.9% < 50% 

 Skylight area = 0% < 5% 

 The Prescriptive Building Envelope Option will be used. 
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Step 2:  Space – Conditioning Categories 

 Residential conditioned, non – residential conditioned, and semi – heated spaces 

must be separated according to their exterior building envelope.  Since no spaces in the 

ARML were designated as unconditioned or semi – heated, only non – residential and 

residential conditioned requirements will be used.  See Appendix C for requirements.  

Step 3:  Climate 

 Taken from figure B-1.  South Carolina is located in Zone 3a. 

Step 4:  Compliance 

  Total vertical fenestration area = 15.9% < 50% 

  Skylight area = 0% < 5% 

Step 5:  Prescriptive Building Envelope Option 

 Using table 5.5-3 – Requirements for Zone 3A 

 At time of report, the Architectural data including U-values for the windows, 

walls and roof assembly have not been obtained.  The comparison and compliance will be 

calculated upon document arrival. 
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Lighting Compliance 

 Maximum lighting power densities are suggested by Standard 90.1.  Not only 

does lighting consume energy, but it also creates heat in the space, which in return 

increases cooling loads.  Table 9.5.1 makes suggestions on the maximum lighting density 

according to each space.  Appendix D shows this table.   

 According to the lighting calculations given by IDC, the calculated W/ft2 are as 

follows: 

  Table 3.  W/sq. ft. calculations 
 
   
 
 

 

 

 

 

  

 By the space by space calculations and in accordance to Appendix D, all spaces 

comply except the mechanical rooms.     

 

 

 

 

 

 

Area W/sq. ft. 
    

Office 1.10 

 1.32 

 1.50 

 1.68 
    

Prep Lab 1.44 
    

Lab  1.68 

Lab  open 1.85 
    

Corridors 0.82 

 0.83 
    

Area W/sq. ft. 
    

High Bay 0.65 
    

Haz Mat 1.08 
    
Waste 
Storage 1.95 
    

Mech 0.39 

 0.40 

 0.43 

 0.49 

 0.55 
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Mechanical System Lost Rentable Space 

 Clemson University ARML, due to its many laboratories, requires a lot of 

mechanical equipment.  In design, they used mostly an entire floor to house the 

mechanical equipment.  With this, the total area of the mechanical space on the second 

floor is 31,841 sq. ft.  After calculating the areas other than the mechanical floor space, 

such as the draw tower and first floor mechanical room, there is a total of 35, 626 sq. ft. 

of lost rentable space.  Out of 117,000 sq. ft, 30.4 % of this area is given to the 

mechanical equipment. 

Mechanical System First Cost 

 The following information for system first cost was provided my IDC Architects 

through the master bid summary.  The following break down includes all costs associated 

with the HVAC installation in dollars.  Once the total first cost is calculated, the price per 

square foot can be determined. 

  

 Table 4.  Total HVAC cost 

 

The price/sf is calculated to be $25.85 based on 117,000 sq. ft. 
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Design Load and Energy Estimate: 

 The design load and energy estimate for the Clemson University ARML was done 

using Carrier’s Hourly Analysis Program (HAP).  A comparison was done after 

computing all loads. 

  

  Table 5.  Total Supply Air Comparison: 

System 
Design SA 
(cfm/sf) 

Supply Air 
(cfm/sf) 

AHU-1 1.56 1.56 

AHU-2 1.52 1.52 

AHU-3 1.77 1.77 

AHU-4 1.81 1.81 

AHU-5 3.45 3.45 

AHU-6 1.41 1.41 

AHU-7 1.03 1.03 

AHU-8 1.04 1.04 

AHU-9 2.13 2.13 

AHU-10 0.62 0.62 

AHU-11 0.55 0.55 

AHU-12 1.7 1.7 

AHU-13 4.55 4.55 

AHU-14 1.89 1.89 

AHU-15 5.52 5.52 

MAH-1 1 1 

MAH-2 1 1 

MAH-3 1 1 

MAH-4 1 1 

   

 

  For the calculations of the central cooling, the supply air was used versus the 

supply temperature.  Due to the calculation in HAP, I used the design SA as one of the 

conditions from the bid bid documents.  That is why I suspect the identical numbers in 

this table. 
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   Table 6.  Ventilation Supply Air Comparison: 

System 
Design Vent 
(cfm/sf) 

Ventilation 
(cfm/sf) 

AHU-1 0.71 0.23 

AHU-2 0.61 0.18 

AHU-3 0.56 0.24 

AHU-4 0.63 0.2 

AHU-5 1.53 0.22 

AHU-6 1.34 0.003 

AHU-7 0.08 0.17 

AHU-8 0.2 1.04 

AHU-9 0.63 0.18 

AHU-10 0.16 0.14 

AHU-11 0.1 0.55 

AHU-12 1.39 0.13 

AHU-13 0.63 13.2 

AHU-14 0.57 0.23 

AHU-15 1.62 0.07 

MAH-1 1 0.05 

MAH-2 1 0.05 

MAH-3 1 0.05 

MAH-4 1 0.05 

 

 The building was assumed to have a schedule of people during normal business 

hours.  Equipment heat gains were assumed per space.  The ventilation for AHU-7, 8, 10, 

11, and 13 worried me since it was close or greater than the design ventilation.   
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Annual Energy Consumption and Operating Costs 

 Clemson University ARML’s energy utilization data was estimated from Carrier’s 

Hourly Analysis Program (HAP).  The building uses both electric power and fossil-fuels.  

The electric service is provided by Duke Power.  The rates can be seen in Appendix E.  

The fossil-fuel service is provided by Piedmont Natural Gas.  These rates can be seen in 

Appendix F. 

 The yearly utilization data can be seen below, which was calculated through HAP.   

Annual Energy Consumption 

Component Clemson ARML 

HVAC Components  

Electric (kWh) 1,266,030 

Natural Gas (Therm) 4,522 

 

 The annual energy consumption and operating costs were performed with HAP.  

The fuel costs for both electric and natural gas are given below. 

 

Figure 1.  Electric rate 
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 Figure 2.  Natural Gas 

  

 The following charts will give a break down of the mechanical equipment.  These 

charts were produced by HAP and only include the electric and natural gas. 

Table 8.  Annual Energy Costs 

Component 
Clemson ARML 

($) 

HVAC Components  

Electric 4,241,147 

Natural Gas 9,545 

Fuel Oil 0 

Propane 0 

Remote HW 0 

Remote Steam 0 

Remote CW 0 

HVAC Sub-Total 4,250,692 

Non-HVAC Components  

Electric 2,047,133 

Natural Gas 0 

Fuel Oil 0 

Propane 0 

Remote HW 0 

Remote Steam 0 

Non-HVAC Sub-Total 2,047,133 

Grand Total 6,297,825 
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Table 9.  Annual Energy Consumption 

Component Clemson ARML 

HVAC Components  

Electric (kWh) 1,266,030 

Natural Gas (Therm) 4,522 

Non-HVAC Components  

Electric (kWh) 599,443 

Totals  

Electric (kWh) 1,865,474 

Natural Gas (Therm) 4,522 

 

 
Table 10.  Annual Cost per Unit Floor Area 

Component 
Clemson ARML 

($/ft²) 

Air System Fans 18.189 

Cooling 15.382 

Heating 0.098 

Pumps 3.250 

Cooling Tower Fans 6.632 

HVAC Sub-Total 43.552 

Lights 15.104 

Electric Equipment 5.870 

Misc. Electric 0.000 

Misc. Fuel Use 0.000 

Non-HVAC Sub-Total 20.975 

Grand Total 64.526 

Gross Floor Area (ft²) 97600.0 

Conditioned Floor Area (ft²) 97600.0 

   Note: Values in this table are calculated using the Gross Floor Area. 
 

Table 11.  Component Cost as a Percentage of Total Cost 

 

 

 

 

 

 

 

 

Component 
Clemson ARML 

( % ) 

Air System Fans 28.2 

Cooling 23.8 

Heating 0.2 

Pumps 5.0 

Cooling Tower Fans 10.3 

HVAC Sub-Total 67.5 

Lights 23.4 

Electric Equipment 9.1 

Misc. Electric 0.0 

Misc. Fuel Use 0.0 

Non-HVAC Sub-Total 32.5 

Grand Total 100.0 
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Appendix A: 

Proposed LEED Checklist 
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Appendix B: 

LEED Certification: 
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Appendix C: 

Building Envelope Requirements for Climate Zone 3 
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Appendix D: 

Table 9.5.1 Lighting Power Densities Using the Building Area Method 
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