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Executive Summary 
 

This report is to analyze the George W. Hays PK-8 public school with respect 
to energy consumption and green design.  Two major national standards that 
deal with these issues are the standards developed by The Leadership in 
Energy and Environmental Design (LEED), and American Society of Heating 
Air Conditioning and Refrigeration Engineers (ASHRAE) Standard 90.1.  Along 
with comparison of the building with National Standards, a complete yearly 
energy analysis of the structure was created. 
 
The building was checked for LEED certification potential in applications to 
the mechanical sections.  LEED checks for the environmentally and socially 
friendliness of the building.  The George W. Hays did not accumulate a 
sufficient number of points to obtain any LEED Certification. 
 
The building did not comply with ASHRAE Standard 90.1 due to an excess 
lighting density.  However, for mechanical sections where sufficient 
information was known about the system, the school passed Standard 90.1 
requirements. 
 
To complete the energy analysis of the building, a complete building 
simulation was created using Carrier’s Hourly Analysis Program.  This 
program returned estimations for a yearly energy consumption of the 
building. 
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LEED-NC 2.2 Assessment 
 

The Leadership in Energy and Environmental Design, LEED, is a national 
coalition with the goal of promoting environmentally conscious, energy 
effective, and healthy occupant conditions in building design.  To help 
recognize green building design, members of the LEED consol define green 
building design numerically by relating aspects of green office design with 
points.  These points are used to rate the building as one of five categories.   
The lowest category doe not receive any certification.  Buildings that have 
accumulated fewer than 26 points fall into this category, and are not 
considered a green building.  A LEED certified building has between 26 and 
32 points.  Next, is the Silver Certification of 33 through 38 points.  Gold 
follows with 39 to 51 points.  Finally, 52 to 69 points earns the building a 
platinum status.  Since the George W. Hays PK-8 is a school and not an office 
building, the majority of the space does not apply to LEEDS.  However, 
because of some of the similarities between office spaces and education 
facilities, assuming that the building were to pass all non-mechanical 
requirements, Figure A-1 from Appendix A shows LEED points that the Hays 
School may qualify for. 
 
The LEED point criteria are broken into six different categories, Sustainable 
Site, Water Efficiency, Energy & Atmosphere, Materials & Resources, Indoor 
Environmental Quality, and Innovation & Design Process.  Sections not 
applicable to the Mechanical aspect of design and without sufficient 
knowledge to grant LEED credits were omitted.  Of the three categories 
shown in Figure A-1 in Appendix A, only 10 points were acquired and two 
required prerequisites failed.  In order for this building to obtain a LEED 
Certification, 16 points would need to be obtained in the three remaining 
categories and all failing prerequisites would have to be modified. 
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Mechanical System Lost Rentable Space 
 

The entire facility building is for the owner, Cincinnati Public Schools.  
Therefore none of the building is rented.  Because of this, the lost rentable 
space is not a major factor for the owner.  If the owner desired more space, it 
would not be difficult to expand the building without increasing the height.  
However, the mechanical system does occupy a significant portion of the 
building.  The three Air Handling Units, AHUs, are each in a separate space.  
Of those three, one is in a mechanical mezzanine, not a mechanical room.   
AHU-1 serves three stories and AHUs 2 & 3 only serve two stories.  This results 
in minimal lost space due to vertical mechanical shafts.    The remaining 
mechanical room is isolated from the rest of the spaces in such a way that it is 
an addition to the space that was not likely to be useable space otherwise.  
The four mechanical rooms take up a total area of 4303 ft2, or 6.8% of the total 
building square footage. 
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ASHRAE 90.1 Compliance 
 

ASHRAE 90.1 is a national standard of guidelines for designing energy-
efficient buildings.  This report will analyze the George W. Hays School to 
determine if it meets the requirements to be considered an energy-efficient 
building by ASHRAE 90.1.  Because of limited resources, not all aspects of 
90.1 were analyzed.  Instead this section focuses on the mechanical 
compliance.  The main components that will be analyzed are, Building 
Envelope, Lighting & Power, and sections of HVAC. 

 

ASHRAE 90.1 Compliance - Building Envelope 
 

The building envelope was analyzed using two different wall types.  Wall type 
one is composed of monarch bricks, insulation, and concrete masonry units 
(CMU).  Wall type two contains corrugated metal panel (CMP), insulation, and 
CMU.  Different wall type areas and orientations were found on drawing 
documents and engineering reports.  The R-Values of these materials were 
determined from the architectural drawings.  To determine the corresponding 
U-value, Equation 2-1 was used. 
 

   
∑

=
R

U 1
   (2-1) 

 
These values were then compared with the values in ASHRAE Standard 90.1 
Table 5.5-4.  Because the structure is on a flat site entirely above grade, both 
of these walls were analyzed as “Mass Walls, Above Grade.”  The conclusions 
of this analysis are found in Figure B-1 of Appendix B. 
 
The facility has a total glass area of 2,389 ft2, while the building has a surface 
area of 31,988 ft2.  The vertical glazing percentage, 2,389/31,988, comes to be 
6.9% of the vertical walls.  This low percentage places the building in the 0-
10% Vertical Glazing category of ASHRAE 90.1 Table 5.5-4.  These surfaces 
were checked for a maximum U value dependant on the component being 
either fixed or operable, and they were checked for a maximum SHGC value 
dependant on a North or Other orientation.  The conclusions of this analysis 
are found in Figure B-2 of Appendix B. 
 
The building passed all requirements to meet the Building Envelope portion 
of ASHRAE Standard 90.1. 
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ASHRAE 90.1 Compliance – Lighting & Power 
 

ASHRAE 90.1 Power requirements demand no greater then a 2% voltage drop 
for feeders, and no more then a 3% voltage drop for branch circuits.  This 
value is found by determining the resistance of the wire per length of wire.  
From this value the overall resistance in the entire branch or circuit of wire is 
the resistance per length times the length.  The voltage drop across this 
length is: 
 
   V=I/R   (2-2) 
 
Where the current is in Amps and the resistance is in Ohms.  Keeping these 
values within the 2% and 3% voltage drops reduces lost energy due to heat 
from excessive resistance. 
 
According to engineering reports, all feeder wires were designed for less 
than a 2% voltage drop, and all branch circuits were designed for no more 
then 3% voltage drop to comply with Standard 90.1. 
 
ASHRAE 90.1 Section 9.2.2.3, Interior Lighting Power, calls for Section 9.5 to 
determine the maximum wattage per square foot.  The only interior lighting 
fixtures in this building exempt from the analysis were exit signs; all other 
lights were accounted for. 
 
The allowed wattage for the building was found using Table 9.5.1 from 
Standard 90.1.  This table is shown in Figure B-4, of Appendix B.  This Watt/sq 
ft value was then multiplied by the total building square footage, 
 
  1.2 Watt/ft2 x 63259 ft2 = 75,911 Watt 
 
This value was then compared against the actual wattage of the building. 
 
Light fixture quantities were found from the Architectural drawings.  The 
lighting schedules were then used to determine the wattage per light fixture.   
This wattage was summed through the entire building, which showed a total 
interior lighting power of 85,921 Watts.  The total building square footage was 
calculated to be 63,259 ft2.  Though this building fails ASHRAE 90.1 Section 5, 
the space-by-space method in Section 6, is also acceptable for compliance. 
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The Section 6 space-by-space method analysis was based off of values from 
ASHRAE 90.1, Table 9.6.1.   The allowable Watts/ft2 for each space was then 
multiplied by the area of each space.  The sum of all spaces, shown in Figure, 
B-3 of Appendix B, resulted in a total allowable power of 74,787 Watts.  This 
value is lower then the allowable wattage in Section 5.  As a result the building 
does not pass the allowable Lighting Power portion of ASHRAE Standard 90.1. 
 
In addition to interior lighting density, the standard also calls for a minimum 
exterior lighting density.  This is based on Watt/sq ft of parking area, walkway 
area, and building façade area.  Standard 90.1 allows for the total allowed 
wattages by summing up the determined allowed wattage for each 
component.  This allows the building the opportunity to exceed wattages in 
one area, for example the parking lot, if the walkway wattage is under the 
requirement by at least the same amount. 
 
The allowance for parking lots is 0.15 Watt/ft2, for walkways it is 0.2 Watt/ft2, 
and for the build façade it is 0.2 Watt/ft2 all found in Table 9.4.5 of Standard 
90.1.  However, there is insufficient data as to whether this building passes 
this compliance or not. 

 
ASHRAE 90.1 Compliance – HVAC Systems 

 
For HVAC compliance the various components of the system were analyzed 
independently.  These components include: ductwork insulation, pipe 
insulation, boiler efficiency, condensing unit efficiency, and chiller efficiency.  
 
According to 90.1 Table 6.8.2A, no interior insulation on ductwork in Climate 
Zone 4 is required.  The George W. Hays School has no exterior duct and 
therefore passes this section of ASHRAE standard 90.1. 
 
Any pipes carrying water in the temperature range laid out in 90.1 Table 
6.8.2A are required to have an appropriate amount of insulation.  Engineering 
reports showed that all piping equipment was designed beyond these 
minimum standards. 
 
The two natural gas boilers are required to meet the minimum parameters of a 
boiler efficiency of 80%.  The building has two identical 1500 MBH Boilers.  
Mechanical Schedules show that both of these boilers pass the ASHRAE 90.1 
requirement with an efficiency of 85%. 
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The buildings 170 nominal ton chiller is required by Standard 90.1 to have a 
minimum performance of a 2.80 Coefficient of Performance (COP), and a 
minimum Integrated Part Load Value (IPLV) of 3.05. 
 
The maximum power of the chiller is 195.7 kW, or 55.7 tons.  The actual 
capacity of the chiller at 100% capacity is 164 tons.  The COP is equal to the 
useful energy absorbed divided by the total energy in, or 

 
     (2-2) PowerinCapacityCOP /=
 
Using Equation 2-2, 
 
  05.337.305.3/170 >==COP  
 
This value passes the minimum requirement of COP for Standard 90.1.  
However, as chillers reduce capacity to conditions other the full-load, 
performance per kilowatt is lost.  To analyze the chillers energy use at part-
load conditions the IPLV is found.  This is done by creating variables equal to 
the COP of a chiller at various load percentages.  The COP at 100%, 75%, 
50%, and 25% are equal to A, B, C, and D, respectively.  The IPLV is then 
defined by the equation,  
 
   DCBAIPLV 12.045.042.001.0 +++=    (2-3) 
 
This equation estimates the amount of time that a chiller will be used at each 
load capacity to determine an estimated real running COP, not the design 
COP.  This accounts for the energy that the chiller uses for the bulk of its 
performance which has been proven to generally be at low load capacities.  
For example, the variable corresponding to 100% capacity is multiplied by 
1%, implying that 100% capacity is only achieved for 1% of the running time. 
 
The variables for the IPLV equation corresponding to the George W. Hays 
building are outlined in Figure B-5 of Appendix B.  All tons and kilowatts were 
found from design equipment cut sheets.  The determined IPLV, 5.01, meets 
the 3.05 requirement of Standard 90.1 
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Mechanical System First Cost 
 

HVAC and Plumbing first costs were found on bid documents.  These two 
areas included the span of the mechanical system first cost, not including fire 
protection.  The HVAC system was bid at $1,288,000 and the Plumbing system 
was bid at $628,049.  The corresponding building area is 66,338 ft2.  These 
values show that the total mechanical system cost was $1,916,049, or 
$28.88/ft2. 
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Design Load Estimation 
 

Carrier’s Hourly Analysis Program (HAP) was used to model George W. Hays 
facility to find a design load estimation.  This estimation is based off of data 
taken from design documents and heating and cooling outdoor air conditions 
from the ASHRAE Handbook of Fundamentals, 2005.  The summer design 
conditions are based off of the temperature that weather data has shown to 
exceed 0.4% of the time.  Conditions beyond these values are not part of the 
summer design conditions because the building has a thermal mass that will 
be able to absorb energy as long as the OA conditions do not exceed the 
0.4% range for an extended period of days.  A dry bulb temperature of 93 
degrees Fahrenheit and a wet bulb temperature of 74 degrees Fahrenheit are 
the conditions that meet the 0.4% condition.  For cooling design the 99.6% 
condition of 4 degrees Fahrenheit was used, meaning that 99.6% of the days 
in Cincinnati, Ohio are shown to exceed 4 degrees.  Assumptions regarding 
the loads of the building are shown in Figure C-1 of Appendix C.  The exact 
values for lighting were used in all spaces by looking at the electrical 
schedules and drawings for each space.  These values are also shown in 
Figure B-3.  The space occupancies and square footages were determined 
from building drawing documents.   All assumptions concerning schedules, 
air and equipment properties and performance characteristics are in 
Appendices D, E, & F. 
 
The design simulation resulted in a total cooling load close to what the 
drawings suggested.  AHU-1 was designed to be 78 tons according to the 
Mechanical Schedules.  The HAP analysis found a value of 71.9 tons.  For AHU-
2, the Mechanical Schedule showed 64.6 tons, where the HAP program 
showed 66.5 tons.  Finally, the design for AHU-3 was 45.6 tons and the 
program determined 31.3 tons.  The scheduled chiller has a nominal capacity 
of 170 tons (165 actual tons according to design documents) and the HAP 
analysis called for a 169.7 ton chiller.  There is a clear flaw in that the sum of 
the HAP analysis loads is less then the scheduled loads, where the HAP chiller 
is sized to be larger then what the schedule calls for.  The reason for this 
discrepancy is being looked into, but has not yet been determined.  Despite 
this problem these values fall within the error possible for different design 
assumptions such as Watt/sq ft for miscellaneous loads.  Another discrepancy 
may be with the program used to do the analysis.  According to the engineer, 
the design loads were determined using Trane TRACE.  Discrepancies 
between the modeled systems and the way the two different programs 
interoperate the systems may be a reason for error.  Prior to the start of this 
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report the Trane TRACE file was destroyed due to improper archiving.  
Therefore, these files cannot be compared to determine what assumptions 
may have been made differently.  
 
When the design simulation was run for heating loads a greater division arose 
between the HAP analysis and scheduled equipment.  The Air Handling Unit 
schedule calls out for loads of 741 MBH, 603 MBH, and 1167 MBH for AHU-1, 
AHU-2, and AHU-3, respectively.  However, engineering design documents 
showed that loads of 501.3 MBH, 410.1 MBH, and 387.3 MBH for AHU-1, AHU-2, 
and AHU-3, respectively.  The same design documents found a total boiler 
load of 3286 MBH.  The HAP analysis found values less then both of these. 
AHU-1 was just 253.1 MBH, AHU-2 was 193.3 MBH, and AHU-3 was 229.2 MBH, 
including other small unit heaters, the total boiler load was 696.9 MBH.  Part of 
the reason for these discrepancies is because the boilers are designed for the 
HVAC equipment as well as the hot water supply to the building.  Other 
reasons may include safety factors and allowances for future expansion.  The 
HAP analysis will continue to be reviewed with design documents to find any 
differences in the model versus the drawings. 
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Annual Energy Consumption & Costs 
 

The HAP program predicted the annual energy consumption of electricity and 
natural gas.  The total power per year in the building is expected to be 
1,023,685 kW.  The building is also expected to consume 2,449 Therms of 
Natural Gas, which is approximately equal to 244,900 ft3 of natural gas per 
year.  The energy consumption break up by system component is shown on 
Figure C-2.   
 
This relationship is further explored in the yearly cost analysis of the building.  
Figure C-3a and C-3b shows a majority of the utility costs being spent on the 
HVAC equipment.  In addition, this figure emphasizes the large cooling load 
and small heating load.  This is perhaps due to a small envelope load in 
comparison to the interior loads.  The envelope has been shown to be strong 
in the 90.1 portion of this report, by having both walls with a good resistance 
to heat, and a small window area to wall area proportion. 
 
The proportional costs of C-3a are shown in a more specific dollar value in 
Figure C-3b.  The dollar value was determined using an estimated energy 
rate.  Because the building does not exist and cannot yet have any utility bills, 
the utility rates were estimated.  According to the Energy Information 
Administration (EIA), the average cost of natural gas for commercial 
customers is $1.62 dollars/ Therm.  For electricity, the Average Commercial 
Rate is $.0837 in the state of Ohio. 
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Appendix A- Leeds 
Figure A-1 

 

 
 

LEED Compliance Check 
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Appendix B- Standard 90.1 
Figure B-1 
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Figure B-1 (Cont’d) 

 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 - 16 - 

Figure B-2 

 

 
 

Envelope Compliance Check 
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Figure B-3 
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Figure B-3 (Cont’d) 
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Figure B-3 (Cont’d) 
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Figure B-3 (Cont’d) 

 
 

Interior Lighing Compliance Check 
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Figure B-4 

 

 
 

From ASHRAE Standard 90.1 
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Figure B-5 

 
 

IPLV Calculation 
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Appendix C- Building Simulation 
 
Figure C-1 

 

 
Load Assumptions
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Figure C-2 

 

 
 

Loads by Components
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Figure C-3a 

 

 
 
 Annual Component Cost Percentage

 
igure C-3b F

 
 

 
 

 

 
 

 
 

Annual Energy Consumption and Annual Costs
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Appendix D- Simulation Schedules 
 

Cafiteria (Fractional) 

 
 Profiles: Hourly

1:Profile One 
Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 10 10 10 10 100 100 100 100 10 10 0 0 0 0 0 0 0 

 
o 

01 02 03 04 05 06 07

2:Profile Tw

Hour 00  08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 
 
Assignments:

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 1 1 1 1 1 1 1 1 1 1 1 1 

Monday 1 1 1 1 1 1 1 1 1 1 1 1 

Tuesday 1 1 1 1 1 1 1 1 1 1 1 1 
Wednesday 1 1 1 1 1 1 1 1 1 1 1 1 

Thursday 1 1 1 1 1 1 1 1 1 1 1 1 

Friday 1 1 1 1 1 1 1 1 1 1 1 1 

Saturday 2 2 2 2 2 2 2 2 2 2 2 2 

Sunday 2 2 2 2 2 2 2 2 2 2 2 2 

Holiday 2 2 2 2 2 2 2 2 2 2 2 2 
 

htinCafe Lig g (Fractional) 

 
 Profiles: Hourly

1:Profile One 

01Hour 00  02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 100 100 100 100 100 100 100 100 100 100 0 0 0 0 0 0 0 

 
e T o 

01 02 03 04 05 06 07

2:Profil w

Hour 00  08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Assignments: 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 1 1 1 1 1 1 1 1 1 1 1 1 

Monday 1 1 1 1 1 1 1 1 1 1 1 1 
Tuesday 1 1 1 1 1 1 1 1 1 1 1 1 

Wednesday 1 1 1 1 1 1 1 1 1 1 1 1 

Thursday 1 1 1 1 1 1 1 1 1 1 1 1 

Friday 1 1 1 1 1 1 1 1 1 1 1 1 

Saturday 2 2 2 2 2 2 2 2 2 2 2 2 

Sunday 2 2 2 2 2 2 2 2 2 2 2 2 
Holiday 2 2 2 2 2 2 2 2 2 2 2 2 

 
Classroom (Fractional) 

 
Hourly Profiles: 
1:Profile One 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 20 100 100 100 100 100 100 100 100 100 20 0 0 0 0 0 0 0 

 
2:Profile Two 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 
3:Profile Three 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 5 5 5 5 5 5 5 5 5 5 5 0 0 0 0 0 0 

 
 
Assignments: 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 3 1 1 1 1 1 1 1 1 1 1 1 

Monday 1 1 1 1 1 3 3 3 1 1 1 1 
Tuesday 1 1 1 1 1 3 3 3 1 1 1 1 

Wednesday 1 1 1 1 1 3 3 3 1 1 1 1 

Thursday 1 1 1 1 1 3 3 3 1 1 1 1 

Friday 1 1 1 1 1 3 3 3 1 1 1 1 

Saturday 2 2 2 2 2 2 2 2 2 2 2 2 

Sunday 2 2 2 2 2 2 2 2 2 2 2 2 
Holiday 2 2 2 2 2 2 2 2 2 2 2 2 

 
Food Prep (Fractional) 

 
Hourly Profiles: 
1:Profile One 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 0 20 80 100 100 100 100 50 0 0 0 0 0 0 0 0 

 
2:Profile Two 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
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3:Profile Three 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

 
4:Profile Four 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

 
 
Assignments: 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 1 1 1 1 1 1 1 1 1 1 1 1 
Monday 2 2 2 2 2 2 2 2 2 2 2 2 

Tuesday 2 2 2 2 2 2 2 2 2 2 2 2 

Wednesday 2 2 2 2 2 2 2 2 2 2 2 2 

Thursday 2 2 2 2 2 2 2 2 2 2 2 2 

Friday 2 2 2 2 2 2 2 2 2 2 2 2 

Saturday 3 3 3 3 3 3 3 3 3 3 3 3 
Sunday 4 4 4 4 4 4 4 4 4 4 4 4 

Holiday 4 4 4 4 4 4 4 4 4 4 4 4 
 
Gym (Fractional) 

 
Hourly Profiles: 
1:Profile One 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 5 5 5 5 5 5 5 5 10 30 61 100 100 30 0 0 

 
2:Profile Two 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 5 5 5 5 5 5 5 5 5 10 10 10 0 0 0 0 

 
3:Profile Three 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 
 
Assignments: 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 1 1 1 1 1 1 1 1 1 1 1 1 

Monday 2 2 2 2 2 2 2 2 2 2 2 2 

Tuesday 2 2 2 2 2 2 2 2 2 2 2 2 

Wednesday 2 2 2 2 2 2 2 2 2 2 2 2 

Thursday 2 2 2 2 2 2 2 2 2 2 2 2 

Friday 1 1 1 1 1 1 1 1 1 1 1 1 
Saturday 3 3 3 3 3 3 3 3 3 3 3 3 

Sunday 3 3 3 3 3 3 3 3 3 3 3 3 

Holiday 3 3 3 3 3 3 3 3 3 3 3 3 
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Gym Lighting (Fractional) 

 
Hourly Profiles: 
1:Profile One 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0 0 0 

 
2:Profile Two 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 
3:Profile Three 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

 
4:Profile Four 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

 
 
Assignments: 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 1 1 1 1 1 1 1 1 1 1 1 1 

Monday 2 2 2 2 2 2 2 2 2 2 2 2 
Tuesday 2 2 2 2 2 2 2 2 2 2 2 2 

Wednesday 2 2 2 2 2 2 2 2 2 2 2 2 

Thursday 2 2 2 2 2 2 2 2 2 2 2 2 

Friday 2 2 2 2 2 2 2 2 2 2 2 2 

Saturday 3 3 3 3 3 3 3 3 3 3 3 3 

Sunday 4 4 4 4 4 4 4 4 4 4 4 4 
Holiday 4 4 4 4 4 4 4 4 4 4 4 4 

 
Lighting (Fractional) 

 
Hourly Profiles: 
1:Profile One 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 100 100 100 100 100 100 100 100 100 100 100 100 100 0 0 0 0 

 
2:Profile Two 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Assignments: 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 1 1 1 1 1 1 1 1 1 1 1 1 

Monday 1 1 1 1 1 1 1 1 1 1 1 1 
Tuesday 1 1 1 1 1 1 1 1 1 1 1 1 

Wednesday 1 1 1 1 1 1 1 1 1 1 1 1 

Thursday 1 1 1 1 1 1 1 1 1 1 1 1 

Friday 1 1 1 1 1 1 1 1 1 1 1 1 

Saturday 2 2 2 2 2 2 2 2 2 2 2 2 

Sunday 2 2 2 2 2 2 2 2 2 2 2 2 
Holiday 2 2 2 2 2 2 2 2 2 2 2 2 

 
Office (Fractional) 

 
Hourly Profiles: 
1:Profile One 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 30 100 100 100 100 100 100 100 100 100 90 71 21 0 0 0 0 0 

 
2:Profile Two 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 
3:Profile Three 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value 0 0 0 0 0 0 0 5 20 30 30 30 30 30 30 30 30 30 20 5 0 0 0 0 

 
 
Assignments: 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 1 1 1 1 1 1 1 1 1 1 1 1 

Monday 1 1 1 1 1 3 3 3 1 1 1 1 
Tuesday 1 1 1 1 1 3 3 3 1 1 1 1 

Wednesday 1 1 1 1 1 3 3 3 1 1 1 1 

Thursday 1 1 1 1 1 3 3 3 1 1 1 1 

Friday 1 1 1 1 1 3 3 3 1 1 1 1 

Saturday 2 2 2 2 2 2 2 2 2 2 2 2 

Sunday 2 2 2 2 2 2 2 2 2 2 2 2 
Holiday 2 2 2 2 2 2 2 2 2 2 2 2 

 
T-STAT (Fan / Thermostat) 

 
Hourly Profiles: 
1:Profile One 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value U U U U U U O O O O O O O O O O O O O O U U U U 

 
2:Profile Two 

Hour 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Value U U U U U U U U U U U U U U U U U U U U U U U U 
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    O = Occupied; U = Unoccupied 
 
Assignments: 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Design 1 1 1 1 1 1 1 1 1 1 1 1 

Monday 1 1 1 1 1 1 1 1 1 1 1 1 

Tuesday 1 1 1 1 1 1 1 1 1 1 1 1 
Wednesday 1 1 1 1 1 1 1 1 1 1 1 1 

Thursday 1 1 1 1 1 1 1 1 1 1 1 1 

Friday 1 1 1 1 1 1 1 1 1 1 1 1 

Saturday 1 1 1 1 1 1 1 1 1 1 1 1 

Sunday 2 2 2 2 2 2 2 2 2 2 2 2 

Holiday 2 2 2 2 2 2 2 2 2 2 2 2 
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Appendix E- Plant Inputs 
 
Boiler Inputs 
Note:  The drawings called for two boilers in parallel for the same system.  It 
was assumed that the boiler efficiency does not vary significantly under part 
load conditions and only one boiler was put into HAP because of HAP 
modeling restrictions. 

 
 
1. General Details: 
    Plant Name .......................................................................................  Boiler1  
    Plant Type ...............................................................  Hot Water Boiler Plant  
 
2. Air Systems served by Plant: 

 
Air System Name Mult. 

AHU1 1 

AHU2 1 

AHU3 1 

CUH-1 1 

CUH-2 1 

CUH-4 1 

UH-1 1 

UH-2 1 

UH-3 1 
 
3: Configuration 
    Boiler Name ....................................................................................  Boiler 1  
    Est. Max Load ......................................................................................  696.9 MBH 
    Full Load Capacity ............................................................................. 2550.0 MBH 
    Hot Water Flow Rate ............................................................................  260.0 gpm 
 
5: Distribution 
 
Distribution System 
    Type ..........................................................  Primary Only, Constant Speed  
    Coil Delta-T at Design ...........................................................................  28.3 °F 
    Pipe Heat Loss Factor ..............................................................................  0.0 % 
 
Fluid Properties 
    Name .........................................................  Ethylene Glycol - 25% Solution  
    Density ..................................................................................................  62.4 lb/ft³ 
    Specific Heat .........................................................................................  0.95 BTU / (lb - °F) 
 
Primary Loop 
 

Pump for 
Flow 
(gpm) 

Head 
(ft wg) 

Mechanical 
Efficiency 
(%) 

Electrical 
Efficiency 
(%) 

B-1        260.0 0.0 80.0 94.0 
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Chiller Inputs 
 

 
1. General Details: 
    Plant Name ............................................................................ Chilled Water  
    Plant Type ............................................................................... Chiller Plant  
 
2. Air Systems served by Plant: 

 
Air System Name Mult. 

AHU1 1 

AHU2 1 

AHU3 1 
 
3: Configuration 
    Number of Chillers .....................................................................................  1  
    Plant Control ....................................................................  Equal Unloading  
    Design LCHWT ......................................................................................  44.0 °F 
    Maximum LCHWT .................................................................................  44.0 °F 
    Cooling Tower Configuration ...................  One tower for each W/C chiller  
 
4: Schedule of Equipment 
 

Sequenc
e 

Chiller Name 

Full 
Load 
Capacit
y 
(Tons) 

Cooler 
Flow 
Rate 
(gpm) 

Condens
er 
Flow 
Rate 
(gpm) 

Cooling Tower Name 

Tower 
Flow 
Rate 
(gpm) 

CH-1       Chiller 1 170.0 300.0 0.0 <none> 0.0 

              

  Totals: 170.0 300.0 0.0 Totals: 0.0 

 
    Est. Max Load ......................................................................................  169.7 Tons 
 
5: Distribution 
 
Distribution System 
    Type ..........................................................  Primary Only, Constant Speed  
    Coil Delta-T at Design ...........................................................................  10.0 °F 
    Pipe Heat Gain Factor ..............................................................................  0.0 % 
 
Fluid Properties 
    Name ........................................................................................ Fresh Water  
    Density ..................................................................................................  62.4 lb/ft³ 
    Specific Heat .........................................................................................  1.00 BTU / (lb - °F) 
 
Primary Loop 
 

Pump for 
Flow 
(gpm) 

Head 
(ft wg) 

Mechanical 
Efficiency 
(%) 

Electrical 
Efficiency 
(%) 

CH-1       300.0 0.0 80.0 94.0 
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Appendix F- AHU Inputs 
AHU-1  
Note:   Because AHU-1,2,&3 are similar inputs for AHU-1 only are given 

 
 
1. General Details: 
    Air System Name .................................................................................  AHU1  
    Equipment Class ........................................................... Chilled Water AHU  
    Air System Type ....................................................................................  VAV  
    Number of zones ......................................................................................  54  
 
2. System Components: 
Ventilation Air Data: 
    Airflow Control ........................................................................  Proportional  
    Ventilation Sizing Method .................................  Sum of Space OA Airflows  
    Minimum Airflow ........................................................................................  0 % 
    Unocc. Damper Position .................................................................... Closed  
    Damper Leak Rate ......................................................................................  0 % 
    Outdoor Air CO2 Level ........................................................................... 400 ppm 
 
Economizer Data: 
    Control ...........................................................  Integrated enthalpy control  
    Upper Cutoff .........................................................................................  88.0 °F 
    Lower Cutoff ............................................................................................  0.0 °F 
 
Preheat Coil Data: 
    Setpoint .................................................................................................  50.0 °F 
    Heating Source ............................................................................. Hot Water  
    Schedule .......................................................................... JFMAMJJASOND  
    Coil position .................................................  Downstream of Mixing Point  
 
Central Cooling Data: 
    Supply Air Temperature ........................................................................  54.0 °F 
    Coil Bypass Factor ...............................................................................  0.100  
    Cooling Source ..................................................................... Chilled Water  
    Schedule .......................................................................... JFMAMJJASOND  
    Capacity Control .....................................  Constant Temperature - Fan On  
 
Supply Fan Data: 
    Fan Type ...........................................................................  Forward Curved  
    Configuration ..............................................................................  Draw-thru  
    Fan Performance ...................................................................................  6.00 in wg 
    Overall Efficiency .....................................................................................  54 % 

 
% Airflow 100 90 80 70 60 50 

% kW 100 91 81 72 61 54 

 

% Airflow 40 30 20 10 0 

% kW 46 40 33 27 21 

 
Duct System Data: 
Supply Duct Data: 
    Duct Heat Gain ...........................................................................................  0 % 
    Duct Leakage .............................................................................................  0 % 
 
Return Duct or Plenum Data: 
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    Return Air Via .......................................................................  Ducted Return  
 
Return Fan Data: 
    Fan Type ...........................................................................  Forward Curved  
    Fan Performance ...................................................................................  3.00 in wg 
    Overall Efficiency .....................................................................................  54 % 
 

% Airflow 100 90 80 70 60 50 

% kW 100 91 81 72 61 54 

 

% Airflow 40 30 20 10 0 

% kW 46 40 33 27 21 

 
 
Thermostats and Zone Data: 
    Zone ........................................................................................................  All  
    Cooling T-stat: Occ. ...............................................................................  75.0 °F 
    Cooling T-stat: Unocc. ...........................................................................  85.0 °F 
    Heating T-stat: Occ. ...............................................................................  70.0 °F 
    Heating T-stat: Unocc. ...........................................................................  60.0 °F 
    T-stat Throttling Range ..........................................................................  3.00 °F 
    Diversity Factor ....................................................................................... 100 % 
    Direct Exhaust Airflow .............................................................................  0.0 CFM 
    Direct Exhaust Fan kW ............................................................................  0.0 kW 
 
    Thermostat Schedule ........................................................................  T-STAT  
    Unoccupied Cooling is .................................................................  Available  
 
Supply Terminals Data: 
    Zone ........................................................................................................  All  
    Terminal Type ..................................................................  VAV box with RH  
    Minimum Airflow ......................................................................................  40 % of supply air 
 
    Reheat Coil Source ....................................................................... Hot Water  
    Reheat Coil Schedule ...................................................  JFMAM* * * SOND  
 
Zone Heating Units: 
    Zone ........................................................................................................  All  
    Zone Heating Unit Type .......................................................................  None  
 
    Zone Unit Heat Source .................................................................. Hot Water  
    Zone Heating Unit Schedule ............................................. JFMAMJJASOND  
 
3. Sizing Data (User-Modified): 
System Sizing Data: 
    Cooling Supply Temperature ................................................................  54.0 °F 
    Supply Fan Airflow ........................................................................... 22000.0 CFM 
    Ventilation Fan Airflow ..................................................................... 11066.0 CFM 
 
Hydronic Sizing Specifications: 
    Chilled Water Delta-T ...........................................................................  14.0 °F 
    Hot Water Delta-T ..................................................................................  28.3 °F 
 
Safety Factors: 
    Cooling Sensible ........................................................................................  0 % 
    Cooling Latent ............................................................................................  0 % 
    Heating ......................................................................................................  0 % 
 
Zone Sizing Data: 
    Zone Airflow Sizing Method ..................................  Peak zone sensible load  
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    Space Airflow Sizing Method .........................  Individual peak space loads  
 
 
4. Equipment Data 
No Equipment Data required for this system. 
 

 
CUH-1 
Note:   CUH-1 is the only Unit Heater with inputs shown, however six similar 
Unit Heaters exist in the building 

 
1. General Details: 
    Air System Name ................................................................................ CUH-1  
    Equipment Class .................................................................  Terminal Units  
    Air System Type .................................................................  2-Pipe Fan Coil  
    Number of zones ........................................................................................  1  
    Ventilation ......................................................................  Direct Ventilation  
 
2. Ventilation System Components: 
(Common Ventilation System not used: no inputs) 
 
3. Zone Components: 
Space Assignments: 

 
Zone 1: Zone 1 

119 x1 
 
Thermostats and Zone Data: 
    Zone ........................................................................................................  All  
    Cooling T-stat: Occ. ...............................................................................  75.0 °F 
    Cooling T-stat: Unocc. ...........................................................................  85.0 °F 
    Heating T-stat: Occ. ...............................................................................  70.0 °F 
    Heating T-stat: Unocc. ...........................................................................  60.0 °F 
    T-stat Throttling Range ..........................................................................  3.00 °F 
 
    Thermostat Schedule ........................................................................  T-STAT  
    Unoccupied Cooling is .................................................................  Available  
 
Common Terminal Unit Data: 
Heating Coil: 
    Design Supply Temperature ...............................................................  124.0 °F 
    Heating Source ............................................................................. Hot Water  
    Schedule ......................................................................  JFMAM* * * SOND  
 
    Fan Control ......................................................................................  Fan On  
    Ventilation Sizing Method .................................  Sum of Space OA Airflows  
 
Terminal Units Data: 
    Zone ........................................................................................................  All  
    Terminal Type ................................................................................  Fan Coil  
    Minimum Airflow .................................................................................  230.0 CFM 
    Fan Performance .................................................................................  12.50 in wg 
    Fan Overall Efficiency ..............................................................................  50 % 
 
 
 
4. Sizing Data (Computer-Generated): 
System Sizing Data: 
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    Heating Supply Temperature ..............................................................  124.0 °F 
 
Hydronic Sizing Specifications: 
    Chilled Water Delta-T .............................................................................  2.0 °F 
    Hot Water Delta-T ..................................................................................  18.0 °F 
 
Safety Factors: 
    Cooling Sensible ........................................................................................  0 % 
    Cooling Latent ............................................................................................  0 % 
    Heating ......................................................................................................  0 % 
 
Zone Sizing Data: 
    Zone Airflow Sizing Method ..............................  Sum of space airflow rates  
    Space Airflow Sizing Method .........................  Individual peak space loads  
 
 

Zone Supply Airflow Zone Htg Unit Reheat Coil Ventilation 
  (CFM) (MBH) (MBH) (CFM) 

1 230.0 - - 0.0 

 
 
 
5. Equipment Data 
No Equipment Data required for this system. 
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