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Executive Summary 

 
This thesis technical report will be conducted on the University of Delaware’s 

new Interdisciplinary Science and Engineering building (ISEB). The building will be 

built on university property, will be approximately 194,000 square feet, and is 

scheduled for completion in Fall 2013. This building will facilitate both research and 

education, each having its own wing of the building. The University of Delaware saw a 

need to connect their classroom curriculum with what is going on in their research 

facilities. This connection will allow for real life problem based learning to tackle such 

issues as renewable energy and sustainability.  

The purpose of this report is to evaluate ISEB’s mechanical, lighting, and 

electrical systems, as well as the building envelope, on the criteria set by the 

American Society of Heating, Refrigeration, and Air Conditioning Engineers in their 

standards 62.1 (sections 5 & 6) and 90.1. Standard 62.1 section 5 covers building 

issues such as, prevention of mold growth, measures to prevent re-entry of 

contaminated air, and particulate filtration. Section 6 of standard 62.1 lays out a 

procedure for calculating ventilation rates for each space in the building based on 

occupancy, floor area, and use. The prescriptive method of standard 90.1 contains 

minimum energy requirements for a buildings envelope and mechanical/electrical 

systems.  

After evaluating ISEB based on Standard 62.1 section 5 it was concluded that 

it is fully compliant with all of the requirements in this section. Both the drawings and 

specifications indicate that the designers of ISEB consulted standard 5 when 

designing its ventilation, exhaust, and further HVAC systems. The mix use of 

laboratory and education of ISEB makes the need for proper ventilation and exhaust 

imperative.  

The ventilation rate calculation procedure, set by Standard 62.1 section 6, 

was completed on all of the spaces throughout the building and the results were 

compared with the design supply airflow rates and outdoor airflow rates. After this 

analysis was completed it was concluded that every space and zone throughout the 

building meets, or surpasses, the requirements set by section 6. 
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When the MEP systems and building envelope were compared to ASHRAE 

standard 90.1 it became evident that energy conservation was at the forefront of 

ISEB’s design. The building complied, or came close to complying, with almost every 

section of this standard. The fact that this building receives its heating and cooling 

from a central campus steam/chilled water plant makes compliance with 90.1 much 

easier because it alleviates a major portion of on site energy usage. Laboratory 

systems always pose problems for mechanical designers due to their complexity but 

they also breed some of the most innovative designs. From variable frequency drives, 

to DDC controls, and energy recovery systems, ISEB has made all of the right moves 

in order to be a energy conscience building. This building is going to cultivate many 

great minds and achievements in the field of sustainability, which is why the 

designers have gone to such great lengths to comply with standard 90.1 and make 

energy conservation a major identity of ISEB. 
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Mechanical Summary 

  
The building receives steam and chilled water from the Campus Utilities Plant (CUP). 
The steam is converted to hot water in a steam-to-water heat exchanger, which 
provides the buildings heating requirements. Chilled water, from the University of 
Delaware’s campus chilled water plant, is fed to a water-to-water flat plate heat 
exchanger that meets the buildings chilled water needs. An electric drive stand-by 
chiller is on site, in the basement mechanical room, and consists of 6 modules each 
sized at 50 tons (two of which incorporate hot gas bypass). The heat from this chiller 
will be recovered when possible and injected into the buildings heating/reheat loops. 
Two fluid coolers with a nominal cooling capacity of 240 tons are on site to provide to 
reject heat from the standby chiller if the heating/reheat loops do not need it. 
 
There are ten total AHU’s serving the building that are located in the fifth floor 
mechanical penthouses. Each of these seven AHU’s fall into one of two system types, 
either recirculating or 100 percent outdoor air.  
 
Air handling units 1, 2, & 10 are of the recirculating air system type. They serve the 
builds classrooms, offices, common spaces, and corridors. Pressure independent, 
Variable Air Volume (VAV) terminal units will be provided for each temperature control 
zone of the system. Each will be equipped with a hot water reheat coil to maintain 
space temperature. Because of the extreme variance in occupancy over a large span 
of operating hours in spaces served by this type of unit, the system will be designed 
to minimize energy consumption through unoccupied modes of operation. Supply fan 
volume control will be accomplished through the use of Variable Frequency 
Controllers (VFCs), which will modulate fan speed (and air flow) to maintain a 
constant duct static pressure. 
 
The other seven AHU’s (3, 4, 5, 6, 7, 8, & 9) are the 100% outdoor air units that 
serve the builds cleanroom, research, and instructional labs. These seven 100% 
outdoor air units all contain some form of energy recovery. Enthalpy wheels are used 
for spaces in which contamination of the supply air from the exhaust air is not critical 
and heat pipes for the units in which supply air contamination can not be risked (with 
the exception of AHU 9 which handles the clean room make-up air and has no energy 
recovery).  
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ASHRAE Standard 62.12007 
Section 5: Systems & Equipment 
  
Section 5.1 - Natural Ventilation 
 
Natural ventilation is not incorporated into the design of this building; this section is 
not applicable.  
 
Section 5.2 – Ventilation Air Distribution 
 
Variable Volume supply air terminal units are implemented for the control of 
supply/ventilation air to each zone. These terminal units are controlled by occupancy 
sensors in each space and will throttle the amount of ventilation air to meet the 
critical space in that zone. 
 
Section D3040B10d states, “The use of reheat will generally occur only after the 
terminal unit has reached its minimum air flow required for ventilation”. 
 
Section 5.3 – Exhaust Duct Location 
 
There are two types of exhaust in this building, laboratory exhaust (fume hoods) and 
general exhaust. Each fume hood will have a dedicated exhaust terminal unit, which 
will keep the exhaust ductwork negatively pressurized. General exhaust systems will 
also have exhaust terminal units. 
 
Fume hood exhaust terminal units will modulate in relation to hood 
Sash position to maintain consistent 100 FPM sash face velocity. Supply and general 
exhaust terminal units will modulate as required to maintain lab negative pressure. 
 
All general exhaust ductwork will be galvanized steel. Ductwork between each 
exhaust AHU and its exhaust terminal units will be medium pressure (SMACNA 
negative 4 inch water gauge construction). Ductwork between exhaust terminal units 
and hoods will be low pressure (SMACNA negative 2 inch water gauge construction). 
 
Section 5.4 – Ventilation System Controls 
 
Section D3010F16 states, “Occupancy sensors to control, lights and ventilation 
airflow”. 
 
Section D3040B10j states, “The return fan, also equipped with a VFC, will be 
programmed to track supply fan speed with an appropriate flow offset to maintain 
minimum ventilation requirements and building pressurization”. 
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Section 5.5 – Airstream Surfaces 
 
Exhaust duct mains will be galvanized steel. SMACNA 4” & 2” W.G. construction 
ductwork will be used for all ductwork between the supply AHU and the VAV supply air 
terminal unit. 
 
Section 5.6 – Outdoor Air Intakes 
 
There are two ventilation intakes in this buildings system: 

1. There are two large ventilation louvers serving the basement mechanical 
rooms. These louvers are in the wall of basement mechanical room and sit 
in 22’x10’ fresh air area ways. This keeps the ventilation air intake louvers 
roughly 15’ below grade and well within the minimum distances specified 
in table 5-1 below. 

2. All other ventilation air enters the rooftop penthouse and is ducted to each 
AHU from a large “hallway like” duct running around the inside perimeter 
of the penthouse. The only risks posed to this intake would be the exhaust 
system fans or the cooling tower intake/exhaust but this building does not 
have a cooling tower and the exhaust system utilizes high plume exhaust 
fans located well over 15’ away from the ventilation intake louver. 
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5.7 – Local Capture of Contaminants 
 
ISEB utilizes “High Plume”, roof mounted lab exhaust systems. Each system will have 
two (2) belt drive high plume dilution blowers, with integral bypass air inlets and 
dampers. Each blower will be sized at 50% capacity for partial redundancy. Other 
system components will include miscellaneous control and isolation dampers. 
Exhaust flow from the blowers will remain constant volume to maintain minimum 
stack exit velocity of 3,000 FPM, regardless of changes in building exhaust 
requirements. Bypass dampers on the intake plenum below the exhaust fans will 
induce outside air into the suction side of the exhaust fans to compensate for 
reduction in exhaust volume from the building. Exhaust systems will be located on 
the roof of the Instructional Lab wing penthouse, and on the roof of the Research 
Building penthouse. This will help separate the exhaust from outdoor air intakes by 
minimum 25 feet. Exhaust stacks (or the blowers themselves) will extend to a 
minimum height of 10 feet above the adjacent roof level in accordance with 
ANSI/AIHA Standard Z9.5-1992 – American National Standard for Laboratory 
Ventilation. 
 
5.8 – Combustion Air 
 
All heating applications are met by a steam to hot water heat exchanger in the 
basement mechanical room, no combustion takes place in ISEB. This section is not 
applicable. 
 
5.9 – Particulate Matter Removal 
 
Unit components will include a plenum type, centrifugal, supply fan, a centrifugal 
return air fan, chilled water cooling coils, hot water preheat coils, 30% efficient pre-
filters, 95% efficient final filters. 
 
5.10 – Dehumidification System 
 
Generally, humidity will be controlled in occupied areas of the building to comply with 
ASHRAE Standard 55-1992 for occupant thermal comfort. However, in the core 
facilities of the Research Building, humidity will be controlled to comply with the 
stringent environmental requirements pertaining to these laboratories. Summer 
indoor relative humidity will be controlled via cooling/dehumidification of the supply 
air with chilled water cooling coils within air handling units. However, the 
Imaging/Microscopy core and the Advanced Materials Characterization core requiring 
desiccant wheels in the air handling units serving those areas. The design conditions 
for each space are listed in table 1.1 below. 
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Table 1.1: Design Air Conditions by Space Type 

Space Design Tdb & %RH Conditions 
Space Type TDB (°F) %RH 
Cleanroom 68-72% (+/- 1°F) 45-55% (+/-1-%, min. 40%) 
Classroom/Office     

Summer 75° 55% 
Winter 72° 30% 

Laboratory     
Summer 72° 55% 
Winter 72° 30% 

      
 
 
Section 5.11 - Drain Pans 
 
Floor drains will be provided in each section of the unit. Part 23 7412 –12i of the 
AHU spec states, “ Pans shall be sloped in all directions towards drain and 
downspouts”, also “The main drain pan shall be piped through the unit perimeter 
base utilizing a 3 inch diameter copper drain pipe. The exterior drain pipe shall be 
provided with a trap as detailed and extended to point of discharge by the contractor 
as indicated.”  
 
Section 5.12 – Finned-Tube Coils & Heat Exchangers 
 
“Each cooling coil shall have a 16 gauge, Type 304 stainless steel main condensate 
drain pan extending the entire length and at least 2" upstream and 12" downstream 
of the coil face. Drain pans shall be all welded construction.” 
 
All air handling units that use DX dehumidification are equipped with drain pans. 
Each coil is provided with at least 18” of intervening access space and therefore is 
compliant with section 5.12. 
 
Section 5.13 – Humidifiers and Water Spray Systems 
 
Humidifiers will be “clean steam” type. At each AHU (in various penthouses), a 
humidifier will be provided which uses campus steam in the tube side of a steam-to-
steam heat exchanger/humidifier. Clean steam will be injected into the supply air 
streams at each AHU via dispersion manifolds. Water softeners will provide treated 
water for humidification. 
 
Section 5.14 – Access for Inspection, Cleaning, and Maintenance 
 
All air handling units are equipped with maintenance access panels or doors. 
Specification 23 7412-8 section 2.6A states, “Access doors and removable panels 
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shall be provided as indicated on the plans conforming to the construction 
requirements and panel thickness of the unit housing hereinbefore specified. Provide 
access doors not less than size indicated on plans. Provide removable panels where 
indicated of size sufficient to remove coils and fans.” 
 
Section 5.15 – Building Envelope and Interior Surfaces 
 
All exterior wall assemblies either incorporate weatherproofing on the interior face of 
the exterior sheeting or a vapor barrier on the warm side of the insulation to prevent 
moisture from entering the building. 
 
Section 5.16 – Buildings with Attached Parking Garages 
 
ISEB does not have a parking garage attached to it, therefore this section is not 
applicable. 
 
Section 5.17 – Air Classifications and Recirculation 
 
The ISEB lab exhaust air is under the table 5-2 (below) “laboratory hood” class 4 
description. The lab exhaust (both general and fume hood exhaust) is not 
recirculated at any time. These units are 100% outdoor air (non-recirculation) units, 
which meets  this sections requirements for class 4 air. 
 

 
 
Section 5.18 – Requirements for Buildings Containing ETS Areas and ETS-Free Areas. 
 
All buildings owned by the University of Delaware are “smoke-free” buildings, 
therefore this section does not apply to ISEB. 
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ASHRAE Standard 62.12007 
Section 6: Ventilation Rate Calculation Procedure 
 
All zones and spaces were selected for the ventilation rate calculation procedure of 
section 6. This was done because the mixed use of this building makes each air 
handling unit and the zones it serves unique. After completing the analysis it was 
concluded that all of the spaces in the building are supplied with at least (in most 
cases more than) the required breathing zone outdoor airflow rates. When the 
mechanical engineer for this project performed these same calculations a zone air 
distribution effectiveness (Ez) value of 0.8 was used, which is why the design outdoor 
airflow rates are consistently higher than the calculated values in this report. 
    
Sample Calculations: 
 

Vbz = (Rp x Pz) + (Ra x Az) 
 

Vbz = Breathing zone outdoor airflow (cfm) 

Rp = CFM outdoor air per occupant 

Pz = Number of occupants in space 

Ra = CFM outdoor air per ft2 

Az = Zone floor are (ft2) 
 

Ez = 1  (Table 6-2) 
 

Ez = Zone air distribution effectiveness 
 

Voz = Vbz / Ez 
 

Zp = Voz / Vpz 
 

Voz = Zone outdoor airflow (cfm) 

Vpz = Zone primary airflow 

Zp = Zone outdoor air fraction 
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Table 1.2 (below) shows example results of the ventilation calculation procedure 

when conducted on all of the spaces served by AHU-1. The compliance column of 

table 1.2 illustrates that all of the spaces served by AHU-1 comply with Standard 

         = Max ZP 

 62.1 section 6. Not only does every space comply with section 6 calculations, but 

the design outside airflow rates for the majority of the spaces exceed the rates 

required by this section.  

 

Table 1.2: Ventilation Calculation Procedure, AHU-1 Results
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ASHRAE 62.1 Conclusions: 
After evaluating ISEB based on the criteria of both section 5 and 6 of ASHRAE 

Standard 62.1 it is clear that it meets all of the requirements. The fact that this 

building is both a laboratory and educational facility means that the designers had to 

take extreme care and consult these sections of Standard 62.1 when designing the 

supply, ventilation, and exhaust air systems for this building. The high occupancy 

densities of the classrooms and need for 100% outdoor air for the laboratories 

purposed a complex problem for the mechanical designers but after evaluating the 

current design, it is apparent that ISEB will be a clean, healthy, and well ventilated 

building. 
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ASHRAE Standard 90.12009 
 
Section 5: Building Envelope 
 
For this section of standard 90.1 the building climate location must be determined 
before any building envelope requirements may be evaluated. ISEB is located on the 
University of Delaware campus in Newark Delaware, which is in ASHRAE climate zone 
4a.This climate zone is depicted in figure 1 below, in yellow. Climate zone 4a 
buildings are referred to table 5.5-4 (appendix B) for building envelope requirements. 
 
Fig. 1: ASHRAE Climate Zone Map 

 
 

 
Table 2.1: Building Envelope Criteria 

Building Envelope Requirements Zone 4a 
  Maximum ISEB   
Opaque Elements U-Value U-Value Compliant? 
Roof (Insul. above deck) 0.048 0.059 No 
Walls (above grade) 0.064 0.053 Yes 
Walls (below grade) 1.14 0.624 Yes 
Floors 0.087 0.078 Yes 
Opaque Doors 0.7 0.96 No 
Fenestrations Maximum ISEB Compliant? 
Vertical Glazing  0.5 0.49 Yes 
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Section 6: Heating, Ventilations, Air Conditioning 
 
6.5.1 Economizers 
 
Although this building resides in climate zone 4a, which does not require the use of 
air economizers, it does take advantage of economizers for free cooling in the 
recirculating type systems. “To reduce chilled water usage, outdoor air economizer 
will be utilized at air handling units when outside air temperatures are below 50ºF.” 
These economizers will implement low leakage dampers and will be controlled 
through the building’s DDC system to utilize outside air for free cooling when ambient 
conditions allow.   
 
6.5.2 Simultaneous Heating and Cooling 
 
The use of reheat at the zone level will be minimized through control sequences, and 
generally will occur only after the terminal unit has reached its minimum airflow 
required for ventilation. Space temperature sensors, through the DDC system, will 
modulate automatic temperature control valves on hot water reheat coils at each 
supply air terminal unit. Although most of the AHU’s in this building utilize desicant 
dehumidification, which is compliant with this section of 90.1, AHU-9 uses DX 
dehumidification of incoming air with hydronic reheat coils which is not compliant. 
 
 
6.5.3 Air Systems Design and Control 
 
6.5.3.1 Fan System Power Limitation: 
The only systems that must be checked for compliance with this section are the 
recirculating type (AHU 1,2, &10), all laboratory 100% OA units are exempt from this 
criteria. The criteria for compliance of the supply and return fans for these units are 
show in table 3 below. All of these fans are variable volume fans.  
 
Table3: Section 6.5.3 Fan Efficiency Criteria 
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Table 4 below, shows that no all of the fans comply with this standard. 
 
 
Table 4: Fan Efficiency Calculations 

 
6.5.3.2 VAV Fan Control : 
This part of section 6.5 is only for VAV fans with motors of 10HP or larger. The air 
terminal units in this building do not include fans, only dampers to throttle the flow 
from the air handling units, therefore this section does not apply. 
 
6.5.3.3 Setpoint Reset: 
Fan static pressure and discharge air temperature reset controls will be used for non-
laboratory central air handling systems to minimize energy during periods of reduced 
load.  
Supply fan volume control will be accomplished through the use of Variable 
Frequency Controllers (VFCs) which will modulate fan speed (and air flow) to maintain 
a constant duct static pressure. The return fan, also equipped with a VFC, will be 
programmed to track supply fan speed with an appropriate flow offset to maintain 
minimum ventilation requirements and building pressurization. 
 
6.5.4 Hydronic System Design and Control 
 
6.5.4.1 Hydronic Variable Flow Systems: 
The hydronic systems of this building are in compliance with this section of 90.1.The 
ISEB heating water system will utilize variable flow pumping and the chilled water 
distribution within the building will be variable flow. Control valves will be twoway 
modulating type. Pumps shall be selected so that the operating point on the selected 
impeller curve will be at or to the left of, and not more than 5 percent below the point 
of maximum efficiency. 
 
6.5.4.2 Pump Isolation: 
This section is only relevant for buildings with more than one chiller and more than 
one boiler. ISEB contains only one (backup) chiller and no boilers, therefore this 
section is not applicable to this building. 
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6.5.4.3 Chilled and Hot Water Temp. Reset Controls: 
This section requires the reset of chilled and hot water temperatures based on either 
building loads or outdoor air temperature. This system will have controls to reset the 
supply water temperature based on outside air temperature. In mild weather, the 
supply water temperature will be reduced for energy savings and controllability. It will 
be allowable to de-energize this system during the summer, when there is no heating 
load on the building from the outside.  
Although the chilled water hydronic system is not reset, because supply chilled water 
from the campus chilled water plant is at a constant 44◦F, it is still within this 
sections compliance because it utilizes variable flow pumps to reduce pumping 
energy. 
 
6.5.4.4 Hydronic Heat Pump Systems: 
ISEB does not contain any hydronic heat pump systems, therefore this section is not 
applicable. 
 
6.5.5 Heat Rejection Equipment 
 
6.5.5.1 Hydronic Heat Pump Systems: 
Section 6.5.5 applies only to heat rejection equipment used in comfort cooling 
systems such as air-cooled condensers, open cooling towers, closed circuit cooling 
towers, and evaporative condensers. ISEB does utilize two fluid cooler units but this 
equipment only serves process equipment, not comfort cooling, therefore this section 
is not applicable. 
 
6.5.6 Heat Recovery 
 
6.5.6.1 Exhaust Air Energy Recovery: 
This section requires energy recovery with a minimum of 50% recovery effectiveness, 
for systems that have a supply air capacity of at least 5,000 CFM and a minimum 
outdoor air supply of 70% or greater of the design supply air quantity. The only 
spaces that exceed 70% outdoor air quantities are the lab spaces, which are exempt 
from this section because these systems utilize exhaust air terminal units that are 
capable or reducing exhaust air volume to 50% or less of design values. 
 
6.5.6.2 Heat Recovery For Service Water Heating: 
ISEB does not operate 24 hrs. a day and does not have condensers on site for heat 
rejection because it is served by the East Campus Utilities Plant (ECUP), therefore 
this section does not apply to ISEB. However, it should be noted that heating water 
may be supplied from the ECUP to the ISEB at 140 deg F, and return to the ECUP at 
120 deg F. This water can be used in the ISEB heating/preheat loops to preheat 
return water upstream of the building heat exchangers. It may also be used to 
preheat domestic hot water.  
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6.5.7 Exhaust Hoods 
 
6.5.7.1 Kitchen Hoods: 
There are no kitchen spaces in this building, therefore this section is not applicable 
to ISEB. 
 
6.5.7.2 Fume Hoods: 
This project is comprised of many laboratory space, therefore lab fume hoods are a 
major consideration. The fume hoods in ISEB are compliant with this section because 
these systems utilize exhaust air terminal units that are capable or reducing exhaust 
air volume to 50% or less of design values. 
 
6.5.8 Radiant Heating Systems: 
 
6.5.8.1 Heating Unenclosed Spaces: 
There are no unenclosed spaces in this building, therefore this section is not 
applicable to ISEB. 
 
6.5.8.1 Heating Enclosed Spaces: 
Enclosed spaces in ISEB are heating by hydronic coils only, weather the coils are in 
AHUs, FCUs or unit heaters. No radiant Heating is implemented in the design of this 
building, therefore this section is not applicable. 
 
6.5.9 Hot Gas Bypass Limitations: 
 
This section sets capacity limitations for the use of hot gas bypass in cooling 
systems. These capacity limits are shown below in table 5. Although ISEB meets its 
cooling requirements from the campus chilled water plant, it does contain an electric 
drive standby chiller with six 50 ton modules, two of which implement hot gas 
bypass. When the chillers capacity is evaluated with this section’s standards it does 
not comply. An example of this calculation is show below in table 6. 
 
 
Table 5: Cooling Capacity Limits for the Use of Hot Gas Bypass 
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Table 6: Hot Gas Bypass % of Total Chiller Capacity 

Hot Gas Bypass Compliance     
Chiller Module Capacity HG Bypass % of total capacity Compliant 

1 50 YES     
2 50 YES     
3 50 NO     
4 50 NO     
5 50 NO     
6 50 NO     

Total 300 tons 100 tons 33% NO 
 
 
Section 7: Service Water Heating 
 
7.5.1 Space Heating and Water Heating: 
 
ISEB does not contain any on site boilers, all of the heating needs are met via steam-
to-hot water heat exchanger or steam-to-water semi-instantaneous water heater, 
which are fed from the campus steam plant. Therefore this section does not apply to 
ISEB. 
 
7.5.2 Service Water Heating Equipment: 
 
ISEB does not contain any hot water heating equipment listed on table 7.8 (appendix-
B) and therefore this section does not apply. 
 
Section 8: Power 
 
8.4.1.1 Voltage Drop: 
 
Section 8 of standard 90.1 specifies that feeder conductors shall be sized for a 
maximum voltage drop of 2% and branch circuits shall be sized for a maximum drop 
of 3% at design load. The electrical specification states: “All wires and cables will be 
copper with Type THHN/THWN insulation rated for 600 volt at 75ºC. Sizes will be 
designed to have current carrying capacities and voltage drop limits to meet NEC 
requirements”. The NEC requirements are in agreement with section 8, therefore 
ISEB is in compliance with this section as well. 
NEC Requirements: 
 Feeders – Conductors for feeders as define in article 100, sized to prevent a 
voltage drop exceeding 3% at the farthest outlet of power, heating, and lighint loads 
or a combination of such loads, and where the maximum voltage drop on both differs 
and branch circuits to the farthest outlet does not exceed 5%, will provide 
reasonable efficiency of operation. 
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Section 9: Lighting 
 
9.5 Building Area Method Compliance Path: 
 
9.5.1 Building Area Method of Calculating Interior Lighting Power Allowance 
This method of section 9 lays out steps to fallow in order to determine the interior 
lighting power allowance by building area. The calculations and results for ISEB are 
presented in tables 7 below. 
 
Table 7: Lighting Power Densities Compliance Per Area Type 

Lighting Power Density       
Area Type Floor Area (SF) Watts Watts/S.F. Standard 90.1 Compliant? 
University 85,000 52,552 0.62 1.2 YES 

Office 89,000 16,750 0.19 1 YES 
Warehouse 20,000 4,350 0.22 0.8 YES 

 
As table 7 above illustrates, ISEB is completely compliant with the lighting power 
density section of 90.1. Some speculation as to why the numbers calculated in this 
report are so much lower than the standard prescribes are that many of the fixtures 
on the lab lighting plans were not present when this calculation was conducted. Also, 
the designers of this building incorporated a healthy dose of day lighting into the 
design on this building, which could cut down on the number of lighting fixtures 
required.  
 
Section 10: Electric Motor Efficiency 
 
10.4Mandatory Provisions: 
 
10.4.1 Electric Motors 
Section 10 of standard 90.1 states that all motors must comply with the Energy 
Policy Act of 1992, which is shown in appendix B, table 10.8. The mechanical 
engineer has specified motors to have Premium efficiency, as defined in NEMA MG 1, 
which requires higher efficiencies than section 10 of standard 90.1, therefore all of 
the motors are compliant. The NEMA MG1 requirements can be found in appendix B. 
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ASHRAE Standard 90.1 Conclusions: 
After evaluating ISEB against standard 90.1 it is apparent that the engineers and 
designers on this project wanted to design a building that would be a model for 
energy conscience design. There are few places that this building falls short of the 
stringent criteria set forth in standard 90.1. This idea of energy conservation was an 
important one because it is a driving force behind the research and education that 
will take place in this building for years to come. Not only have the designers of this 
building used standard 90.1 to design an energy sound building but they have used it 
to help define the identity of the building as well.     
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