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EXECUTIVE SUMMARY  

Study 

The Pennsylvania State University, College of Engineering will be initiating a new Packaging Research 
Laboratory led by Dr. Madhavan Swaminathan. In preparation for the new laboratory, the University needs 
to understand the space and utility requirements, available space and utility capacity, and associated 
renovation and project costs. 

Project Summary 

Penn State tasked the Gannett Fleming Engineering team to evaluate the conditions of the existing 
Electrical Engineering West (EEW), Suite 113 Cleanrooms and assess the costs and viability of renovating 
this space into a new cleanroom. Additionally, the design team was tasked with evaluating a scenario of 
splitting the cleanroom program elements between EEW 113 and the existing cleanroom in the Millennium 
Science Complex (MSC). This study identifies program space requirements as well as HVAC and electrical 
needs to create the requested space conditions for the proposed cleanroom. A cost analysis was performed 
based on this study to provide appropriate funding guidance to the PSU team members.     

The evaluation of the MSC facility was driven by the possibility of taking advantage of existing infrastructure 
and facilities already in place on campus to minimize the need for potentially costly and time-consuming 
utility infrastructure installations in EEW. The anticipated lack of utility infrastructure in EEW, including 
compressed dry air, nitrogen, deionized water, scrubbed exhaust, acid waste treatment, as well as electrical 
service capacity will require extensive upgrades or additions to meet the requirements of the new cleanroom 
space. The utility infrastructure in MSC, however, has more than sufficient capacity for the listed utilities 
and will only require minor modifications or extensions of existing systems to meet the requirements of the 
cleanroom additions. Additionally, MSC already has a team of cleanroom operators in place to be able to 
facilitate the additional equipment and processes, and a centrally supported location is highly advantageous 
to the University to leverage shared equipment across several departments. 

Two other facilities were identified as possible locations for housing the new cleanroom. Both are in 
Innovation Park, but both lacked the required infrastructure and easy access to that infrastructure. 
Additionally, both would have presented less than ideal leasing arrangements for Penn State since neither 
location is owned by Penn State. These facilities were ruled out by PSU College of Engineering (CoE) early 
in the study phase. 

Schedule 

Penn State Office of Physical Plant (OPP), with input from Gannett Fleming, Inc., identified a likely schedule 
for the installation of the new cleanroom in each location. Below is a high-level milestone schedule. The 
construction duration is highly dependent on currently unknown material lead times, potential phasing due 
to work adjacent to occupied spaces and the ability to relocate of current occupants in a timely manner. 
The durations listed below are to be considered as minimum required time, with potential for longer 
durations.  

 Project Phase  Duration 

• Funding Procurement 3 - 5 months 

• Design Procurement 3 Months 

• Design   6 - 9 Months 

• Bid/Procurement 3 Months 

• Construction  12 Months 

PSU OPP therefore estimates it would be between over two years and almost three years from the date 

of this report until final project completion. The EEW/MSC hybrid scenario presents phasing possibilities 

that could potentially provide a small, time savings, however, this study assumes the same duration for 

both location scenarios. 
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PROJECT GUIDELINES  

Codes & Regulations 

The lab will be required to be designed and constructed according to the 2018 International Building Code 
suite of codes, and other applicable PA UCC requirements, as well as PSU Design Standards. 

Assumptions & Qualifications 

• The purpose of the conceptual design is to indicate the basis of design scope of work for the design 
phase and the opinion of budget cost on the proposed solution.  These study documents should not be 
construed to be a final design for the project. 

• This study is limited to mechanical and electrical improvements pertaining to the clean room, and the 
architectural and structural changes needed to support new lab equipment and new MEP systems.  No 
site analysis is included in this study.  

• It is assumed that the project will be required to be submitted to the Pennsylvania Department of Labor 
& Industry for review and for issuance of a construction permit as part of a Level 2 renovation. 

• Access to the building and its components was limited. For the purpose of establishing existing 
conditions, the design team reviewed existing drawings and conducted visual site surveys. No 
destructive/exploratory surveys were performed as part of this study. Based on what was visible, the 
drawings made available were deemed to be relatively accurate. 

General 

This study includes preliminary conceptual layouts that are provided based on review and discussions of 

equipment requirements and available space within each of the subject buildings as known at the time of 

this study. A detailed review of equipment needs, space availability, and building utilities will need to be 

performed once the project moves into design. 

Study concept layouts are based on the division of equipment into five categories representing the five 

processing stages of the packaging process. These five categories include: 

• Wet Processing for plating, development, stripping and etching, including surface treatment and 

surface finish. 

• Substrate Processing (Dry Processing) 

• Assembly/Inspection, Surface Analysis 

• Reliability (Non-Cleanroom) 

• Materials Storage and Equipment Core Area 

Design Requirements 

The following list of design requirements was provided by the research team at the beginning of the 

study. 

• All cleanroom areas are to meet Class Level ISO6 (FED Class 1000 with local containment at 

Class ISO5/FED100. 

• Tight temperature and humidity control is critical, many resist and dielectric materials are 

hygroscopic. 

o Temperature:  68F+/- 2 Degrees 

o Humidity:  50% +/- 2%  

• Lighting: Yellow (Eliminates 500 nm and below light). Required wherever none fully 

exposed/developed substrates will be processed. 
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• Building Vibration:  Most equipment for research specifications down to 1um would be considered    

microelectronics manufacturing equipment. 

o IEST Criteria, Class VC-D, 6.25 mm/s (250 min/s) between 1 and 80 Hz. 

o Some Class VC-E, 3.1 mm/s (125 min/s) between 1 and 80 Hz, these require their own 

Isolation pads.  

• Acid/Chemical Exhaust with EPA Mandated Scrubber Required:  Volume to be determined. 

• General Exhaust Required:  Volume to be determined. 

• Chemical Storage/Waste Management: 5gal Plating/Develop/Strip/Etch/Surface 

Treatment/Surface Solutions 

• Ultra-Pure Water:  Type E1, per ASTM D 5127-13 18.1 Meg Ohm, as minimum. Type E1.1 

preferred for less than 1um line and spacing. When installing ability to upgrade should be 

considered. 

• Compressed Dry Air (CDA): Oil-free, filtered to .01um, compressed air dried to a pressure dew 

point of -100 degrees F. 

• Vacuum Pressure: 28 inches Hg. 

Due to the nature of the research and the chemicals and chemical sensitivities off certain materials used 
for certain processes, the wet lab, including wet storage, requires physical separation from the other 
processes. 

PROPOSED ALTERATIONS 

Architectural 

Project Locations 

As indicated above, during the early stages of this study, Penn State determined that two scenarios for 

project location were to be examined by the study team. These scenarios were developed to allow the 

University and the researcher to compare the suitability of each to the goals of the project related to 

budget, schedule and work-flow efficiency.   

During the study, several meetings with representatives of the researcher and the College of Engineering 

were held to establish ideal workflows, equipment adjacencies and infrastructure needs. Based on these 

discussions, preliminary conceptual plans were developed as proofs of concept and as basis for the 

opinion of budget for each scenario. Preliminary concepts relating to programming and layout within each 

given project locations were developed. The concepts developed are highly conceptual and should not be 

considered as final design. 

Refer to the preliminary conceptual plans in Appendix (A) related to each scenario below. 
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Figure 1: Location Map 

Electrical Engineering West (EEW) – Suite 113 Scenario 

The first scenario was identified to allow the research to be performed within a single facility, 

consolidating all the process stages into one laboratory. This involved the evaluation of a new complete 

cleanroom, including support spaces. The University identified the eastern portion of the north wing of the 

first floor of Electrical Engineering West (EEW). This included areas renovated in both the 1987 

Microelectronics Research renovation project (PA-2-3-01007) and the 1991 DGS renovation project 

(D.G.S. 800-182S). This area is identified as Cleanroom 113 but excludes Laboratory 113L. Refer to 

Figure 2 below.  

The total area to be renovated in this scenario is approximately 5,100 square feet (sf). 

 

Figure 2: EEW Prior Renovations 
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Millennium Science Complex – North Wing Clean Room Expansion Hybrid Scenario 

The second scenario was identified to potentially expedite the project schedule while taking advantage of 

existing infrastructure to support certain lab processes, and at the same time minimizing installation costs 

associated with the project. This included the installation of the lab in two locations. A portion of the clean 

room would be installed mostly in the area of the 1987 Microelectronics Research lab and the other 

portion in and adjacent to the existing clean room in the North wing of the Millennium Science Complex 

(MSC). The MSC currently contains much of the required infrastructure for many processes within the lab, 

and the lab itself shares several processes with other research already housed in MSC. This scenario 

supports the idea of interdepartmental collaboration and would create certain efficiencies of use of 

equipment. 

Clean Room 113B, while a part of the 1991 renovation as indicated in Figure 2, will likely be required to 

be renovated as part of the hybrid scenario. 

The total area to be renovated in this scenario is approximately 5,300 square feet (sf). This includes 

2,300 sf in EEW and 3,000 sf in MSC. 

Cleanroom Construction 

With the removal of existing cleanroom structure for the EEW 113 full renovation Gannett Fleming 

received a quote from a contractor that has several years of experience in constructing clean rooms, 

including an installation at Penn State. This quote included the construction of the walls, doors, ceiling, 

installation of all equipment in the ceiling, certification and testing of the space (Alternate #3), and an 

onsite construction protocol (Alternate #2) during the first 8 weeks of construction on proper construction 

habits during the install.  Static flooring system installation and furnishing cost (Alternate #1) is added into 

the architectural number. This does not include utility construction such as ductwork, piping, or electrical. 

This quote can be found in Appendix B. 

The information received from the clean room contractor did not include the hybrid EEW 113/MSC option. 

Pricing for this has been extrapolated based on square foot difference between the two scenarios. 

Lab Equipment List 

The following equipment was provided by the research team and is considered, at the time of this study, 

to be required for the new laboratory. Figure 4 shows a preliminary division of equipment between the two 

project locations in the hybrid scenario. Figures 3a and 3b represent refined equipment locations based 

on input from cleanroom operators in the MSC building. 
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Figure 3a: Equipment List 
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Figure 3b: Equipment List (cont.) 
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Figure 4: Early Study Partial Equipment Distribution Layout 

Mechanical 

Existing Conditions 

Electrical Engineering West 

The existing cleanroom in area 113 of EEW is conditioned by two packaged dx/electric rooftop units with 

electric reheat coils. These units are split between the cleanroom serving different spaces to a FED Class 

1000 classification, which provides 180 air changes per hour (ACH). Supply air is provided from the 

rooftop unit to several recirculation fans in the space. These fans then supply air to HEPA diffusers laid 

out in the ceilings. Return air is captured low along the walls and returned to the recirculation fans and 

unit inside the modular cleanroom walls. Cleanroom exhaust is captured directly by exhaust fans on the 

roof.  

This existing equipment is past its useful life and will be recommended to be replaced in the sections 

below to service the new cleanroom layout scenarios. 

An existing compressed air system provides dry air at -100° F dewpoint to the building. 

This building also has an existing DI and RO system below the cleanroom space.  

Millennium Science Complex 

The existing cleanroom space has all necessary utilities and airflow requirements to meet the expansion 

of EEW 113 cleanroom into MSC cleanroom space. This includes supply air, exhaust air, recirc air, heap 

filter diffusers, compressed dry air, nitrogen, DI water, etc. 
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Full EEW 113 Renovation 

The new cleanroom will require a FED Class of 1000 (180 ACH) like the existing one. Temperature and 

humidity requirements for the cleanroom spaces are 68° F +/- 2 degrees and 50% RH +/- 2% year-round. 

Tight temperature and humidity control are critical to the operation of the cleanroom spaces. 

The existing rooftop units are recommended to be removed and replaced with dedicated outside air units 

to serve the clean room. This air will be conditioned to maintain the temperature setpoint above using 

both chilled water and hot water. The rooftop unit will serve the cleanroom spaces through recirculation 

fan units to meet the air change requirement of each space. HEPA filter diffusers will be provided in the 

new ceiling layout to meet the filtration requirements of FED Class 1000. Return air will be captured low 

along the walls of the service corridors and ducted to the recirculation units of each space. Exhaust air 

will be captured through fume hoods and as general exhaust to maintain the pressurization requirements 

of the spaces. One exhaust fan will be provided on the roof to replace the existing fans of the clean room 

space. See below figure for pressurization diagram of the clean room space. 

 

Figure 5: Cleanroom Pressurization Plan 

Existing ductwork above the clean room will be removed and replaced as required to meet the new layout 

and pressurization requirements and locations of the new recirc fan units. Existing vertical ductwork from 

the roof to the first floor will be reused as appropriate and cleaned for supply and exhaust air. 

A new exhaust scrubber will be required for the renovation to the EEW 113 cleanroom space. 

Compressed air piping will be extended from the existing system and supplied throughout the new 

cleanroom layout for all required equipment.  

DI water will be extended from the basement below to required locations throughout the cleanroom. 

The addition of combination shower eyewashes will be required based on the chemical listing which 

includes sulfuric acid and hydrochloric acid. 

An acid waste treatment system may be required in the upgrades to the EEW 113 cleanroom space. 

Partial EEW 113 Renovation with Additional MSC Renovation 
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The new cleanroom space will occupy a portion of the existing cleanroom space in EEW 113 and MSC 

cleanroom. The EEW space will occupy the front portion of the cleanroom that is served by one of the 

existing rooftop units. The MSC cleanroom will be expanded near the entrance and an existing space will 

be taken near the back. 

Electrical Engineering West 

Like the full EEW 113 renovation the unit serving the front portion of the space will be removed and 

replaced with a new dedicated outside air unit. This air will be conditioned to maintain the temperature 

setpoint in the above section using either chilled water or dx and hot water. The rooftop unit will serve the 

cleanroom spaces through recirculation fan units to meet the air change requirement of each space. 

HEPA filter diffusers will be provided in the new ceiling layout to meet the filtration requirements of FED 

Class 1000. Return air will be captured low along the walls of the service corridors and ducted to the 

recirculation units of each space. Exhaust air will be captured through fume hoods and as general 

exhaust to maintain the pressurization requirements of the spaces. One exhaust fan will be provided on 

the roof to replace the existing fans of the clean room space. See below figure for pressurization diagram 

of the clean room space. 

 

Figure 6: Cleanroom Pressurization Plan -Hybrid EEW 

Existing ductwork above the clean room will be removed and replaced as required to meet the new layout 

and pressurization requirements and locations of the new recirc fan units. Existing vertical ductwork from 

the roof to the first floor will be reused as appropriate and cleaned for supply and exhaust air. 

Compressed air piping will be extended from the existing system and supplied throughout the new 

cleanroom layout for all required equipment.  

DI water will be extended from the basement below to required locations throughout the cleanroom. 

The addition of a combination shower eyewash will be required based on the chemical listing which 

includes sulfuric acid and hydrochloric acid. 

Millennium Science Complex 

The existing cleanroom mechanical systems in MSC will be modified and extended to serve the new front 

portion of the hybrid EEW cleanroom. The existing mechanical systems will be modified as well for the 
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use of a back section of the cleanroom to meet the FED Class 1000 requirements. MSC has an existing 

exhaust scrubber that can be utilized. 

All utilities required will be extended from the existing systems as required for the new equipment and 

layouts. 

The addition of a combination shower eyewash maybe required in the expansion portion based on the 

chemical listing which includes sulfuric acid and hydrochloric acid. 

See below figure for pressurization diagram of the cleanroom spaces in MSC. 

 

 

Figure 7: Cleanroom Pressurization Plan -Hybrid MSC 

Fire Protection 

The Electrical Engineering West building is not sprinklered. No work in this cleanroom space for fire 

protection will be required. 

The Millennium Science Complex building is sprinklered. Modifications to sprinkler head locations and 

branch piping will be required to serve the additional clean room space added in MSC to the current lobby 

area on the first floor. 

Electrical 

Power Distribution 

EEW 113 Existing Conditions - Power Distribution 

The most current renovations to the Cleanroom 113 area occurred in/around 1987 & 1991 and were 

performed in separate phases as depicted below.  Green representing the 1987 Micro-Electronic 

Research Renovation and blue representing the 1991 DGS Renovation.  
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Figure 8: EEW Prior Renovations 

 

In addition to the space renovations, major HVAC and Electrical building renovations were performed for 

the facility under both renovations.  For the purpose of the electrical portion of this study we will refer to 

these two areas as “87” for the green 1987 renovation area and “91” for the blue 1991 renovation area.   

The following electrical distribution equipment was installed and serves the represented areas as shown 

below.  The panelboards for the 87 renovation are Westinghouse PRL1 & 2 series panels and the 91 

renovation are Siemens Type S3 series panels. The existing panelboards are in fair condition, but new 

panels are recommended for the new renovations to ensure new and future breaker requirement 

availability.  
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Figure 9: 1987 RENOVATION AREA PANELBOARDS 

• HA – 400A, 480/277V, 3 Phase, 1 Section, fed from 4MSWB 

• A – 400A, 208/120V, 3 Phase, 2 Section, fed from 2MDP 

• A/AB - 400A, 208/120V, 3 Phase, 1 Section fed from 2MDP 

 

Figure 10: 1991 RENOVATION AREA PANELBOARDS 

 
• HB – 400A, 480/277V, 3 Phase, 1 Section, fed from 4MSWB 

• C /CD– 400A, 208/120V, 3 Phase, 2 Section, fed from 2MSWB 

• E - 400A, 208/120V, 3 Phase, 1 Section, fed from 2MSWB 

 

PHOTOS OF EXISTING PANELBOARDS ARE AVAILABLE UPON REQUEST 
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The existing panelboards installed during the renovations are fed from distribution switchboards which are 

in the main electrical room below the 87-renovation area as shown below. 4MSB and 2MSWB were 

installed during the 91 renovation and appear to be of a newer generation type switchboard. 2MDP 

appears to of an older renovation and of a later legacy distribution board. Breakers in 2MDP will require 

replacement during the renovations.  

 

 

Figure 11: Main Electrical Room Distribution Switchboard Plan 

Below are snapshots taken off the existing one-line diagram that shows the panelboard feeds. 

Breakers in the switchboards were verified during our study walkthroughs and the one-line diagram 

appears to be accurate for this equipment. A full one-line diagram as well as the equipment floor 

plan drawing for the facility is provided in Appendix C of this report.  
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Figure 12a: One-line Diagram of Panelboard Feeds 

 

Figure 12b: One-line Diagram of Panelboard Feeds 

 

Figure 12c: One-line Diagram of Panelboard Feeds 

 

 

HVAC ROOFTOP UNIT POWER SUPPLY 
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Each renovation consisted of a new DX Cooling/Electric Heat roof-top mechanical unit as depicted below. 

Each unit is fed from a 480V, 3 Phase breaker in Panel PP5 in the Mechanical Equipment Penthouse on 

the roof. AC#1 is utilizing a 400A breaker in PP5 and AC#2 utilizes a 250A breaker in PP5. Panel PP5 is 

fed from an  800A breaker in 4MSWB in the main electrical room as shown in one-line diagram in the 

previous section.  

 

Figure 13: Rooftop HVAC Equipment Power Supply Plan 

Full EEW 113 Renovation - New Power Distribution 

Under a full renovation of Lab 113 for a new cleanroom space, it is our recommendation that the existing 

panelboards and associated feeders be demolished back to the distribution breakers in the switchboards 

within the basement. The existing breakers would then be utilized to feed new branch panelboards within 

the new space except for breakers within 2MDP.  These breakers will need replaced. Based on the 

existing breakers and a 4,350 sqft renovation, the space would have the following power available: 

480/277V, 3 Phase = 800A ~ 530 kVA ~ 120 VA/sqft @ 80% Rating 

208/120V, 3 Phase = 1,600A ~ 460 kVA ~ 105 VA/sqft @ 80% Rating 

Available Equipment Capacity = 990 kVA ~ 225 VA/sqft @ 80% Rating 

 Less the two feeds out of PP5 for proposed new mechanical equipment.  

New mechanical equipment would utilize the 480/277V capacity that would now be available in panel 

PP5 after the demolition of the existing AHU’s.  Feeders for the new AHU’s should marginally 

decrease with the utilization building hot water heat and the possibility of campus chilled water.  

Based on the data available on power requirements for the new lab during this study phase, we feel 

that there is adequate power infrastructure available to serve a new cleanroom as described within 

this report.  

Partial EEW 113 Renovation with Additional MSC Renovation - New Power Distribution 
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A partial EEW 113 Renovation would only include the 87 renovation space. Under these 

circumstances some of the equipment proposed for the new cleanroom would be housed in the MSC 

facility on campus.   

In EEW the 87 renovation panelboards would be demolished and reuse of the electrical system 

capacity to new panels would be performed. Based on the existing breakers and a 1,975 sqft 

renovation, the space would have the following power available: 

480/277V, 3 Phase = 400A ~ 265 kVA ~ 135 VA/sqft @ 80% Rating 

208/120V, 3 Phase = 800A ~ 230 kVA ~ 115 VA/sqft @ 80% Rating 

Available Equipment Capacity = 495 kVA ~ 250 VA/sqft @ 80% Rating 

 Less the single 400A feed for proposed new mechanical equipment.  

The existing 400A 480/277V, 3 Phase breaker that serves the AHU for this space would be reused 

to feed the new AHU.   

MSC renovations would use the existing infrastructure at MSC that has been verified as adequate by 

PSU for the proposed equipment to be housed in the renovation areas. The renovation areas in 

MSC will be split into two areas as shown below.  Refer to Appendix C for large scale plans and the 

Architectural section for preliminary new equipment layouts.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Figure 14a: MSC Existing Power Plan    Figure 14b: MSC Existing Power Plan (LTCC) 

The Clean Room Expansion Area will require a new two section 208/120V, 3 Phase panelboard for the 

new equipment.  This panelboard is estimated as a 225A panel and feeder at this stage of the project and 

would be fed out of Panel SDP-1D which is located just outside of the project area on the first floor.  
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Figure 15: One-line Diagram of Power Distribution 

The LTCC renovation area is in the existing cleanroom and is served by existing local panels LB-1D1 thru 

LB-1D5.  For the purposes of the study we have assumed that these panels will be utilized to feed the 

new equipment for this renovation area. 

Lighting & Lighting Control 

EEW 113 Existing Conditions – Lighting & Control 

The existing lighting within the EEW 113 Cleanroom area consists of recessed 2x4 fluorescent troffers 

and local manual control. Fixture lamps utilize lamp filters that have certain UV filters applied to them.   

 

Figure 16: Photo of Existing Lighting 

Lighting fixtures, lamps, wiring and local control will be demolished in the areas of work for this project.  

Full EEW 113 Renovation - New Power Distribution 
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Lighting and controls within the cleanroom manufacturer walls and ceilings will be provided as part of the 

cleanroom but powered by the electrical contractor.  All lighting and control outside of these areas will be 

based upon PSU OPP design standards.  

Partial EEW 113 Renovation with Additional MSC Renovation - New Power Distribution 

Renovation areas that remain within EEW sill have lighting, and control installed as described above. 

Lighting within MSC will follow MSC building and cleanroom standards. Lighting and control in the MSC 

LTCC Area will reused/reconfigured where possible.  

Fire Alarm System 

EEW 113 Existing Conditions 

The existing Fire Alarm system is a Siemens XLS Digital Addressable fire alarm system.  The main panel 

is located in the main electric room at appear to be in fair condition.  

Full EEW 113 Renovation  

The existing fire alarm devices we be demolished back to the main fire alarm panel and notification 

appliance circuit extenders in the basement.  New notification appliances and initiation devises will be 

provided under the new work with wiring and conduit per PSU OPP design standards and manufacturer 

requirements.  

Partial EEW 113 Renovation with Additional MSC Renovation 

For EEW, the fire alarm renovations will be as depicted under the full renovation.   

The MSC facility utilizes a similar Digital Addressable fire alarm system.  Were possible, existing devices 

will be utilized/modified to suit the renovation areas.  Additional notification appliances and initiation 

devises will be provided where required wiring and conduit per PSU OPP design standards and 

manufacturer requirements.  

Communications 

All existing cabling will be demolished back to the local telecommunications closet.  Under the new work, 

new CAT 6 cabling will be provided as required for each lab space. Communications system will be 

installed per PSU OPP design standards.  
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Figure 17: Telecommunications Room Location Plan 

Security/Access Control 

Both EEW and MSC have existing security and access control systems that are capable of serving the 

renovation spaces. New card readers, cameras, and associated devices/power would be added where 

deemed necessary by PSU.  We have assumed devices would be required at the main entrances/exists of the 

spaces with several cameras per space for the purpose of this study and opinion of budget.  

Gas Detection and Alarms 

Full EEW 113 Renovation 

A new gas monitoring system will be provided for the renovation for oxygen deficiency monitoring per the 

PSU EHS Gas Monitoring Program.  

Partial EEW 113 Renovation with Additional MSC Renovation 

A new gas monitoring system will be provided for the renovation for oxygen deficiency monitoring in EEW 

per the PSU EHS Gas Monitoring Program. New devices will be added to the existing MSC gas 

monitoring system and programed for the allocated space.  
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COST SUMMARY 
 
Opinion of budget includes a construction contingency applied to the direct cost subtotal. Totals below 

include Overhead and Profit, Soft Costs, Permit Fees, Approvals, and Direct Costs to the University 

associated with the associated scope of work. 

This budgetary estimate was completed using currently available 2022 construction costs with assumed 

escalation added for 2024 and 2025, which, based on the schedule, represents the time frame when 

project could be bid. 

Market Escalation 

In 2021 and 2022, the construction industry has experienced a record increase in project costs. Soaring 

construction demand, record inflation, pandemic-related restrictions, supply chain disruptions, labor 

shortages and the war in Ukraine have all contributed to these rising costs and uncertainty across the 

construction industry. According to the several national and global sources, construction costs in 2022 

have increased approximately 15% with forecasted increases in 2023 and 2024 of approximately 5% per 

year. The opinion of budget numbers below are based on these speculated numbers and are subject to 

change based on unknown rate of market change volatility. 

Opinion of Budget 

Total (EEW 113/MSC) 

• 2022: $6,777,381 USD 
• 2024: $8,132,857 USD 

• 2025: $8,539,500 USD 
 

Total (EEW 113) 

• 2022: $8,953,818 USD 
• 2024: $10,744,581 USD 

• 2025: $11,281,811 USD 
 
See Appendix ‘B’ for additional costing information. 
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APPENDIX A 
 
EEW 113 / MSC Cleanroom Hybrid Concept Layouts 

• A101 - EEW 113 Partial Renovation Concept Layout 

• A102 - MSC Partial Renovation Concept Layouts 
 
A103 - EEW 113 Full Renovation Concept Layout 
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APPENDIX B 
 
Opinion of Budget Cost  
 
FH Chase Quote 
 
 
  



Date

Revision

Client Proj. No.

GF Proj. & Ph. No.

% OF 
COSTS

MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

46.0% $1,200,000 $409,460 $1,609,460

0.6% $9,830 $12,070 $21,900

14.2% $219,004 $277,298 $496,302

19.1% $391,024 $278,349 $669,373

5.1% $93,612 $84,374 $177,985

0.2% $580 $8,151 $8,731

14.8% $177,331 $339,444 $516,776

0.0% $0 $0 $0

$2,091,381 $1,409,146 $3,500,527

ON M&E ON LABOR
% OF 

COSTS
MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

15% 15% 75% $313,707 $211,372 $525,079

5% 5% 25% $104,569 $70,457 $175,026

0% 0% 0% $0 $0 $0

$418,276 $281,829 $700,105

ON M&E ON LABOR
% OF 

COSTS
MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

10% 10% 71% $41,828 $28,183 $70,011

3% 3% 21% $12,548 $8,455 $21,003

0% 0% 0% $0 $0 $0

1% 1% 7% $4,183 $2,818 $7,001

$58,559 $39,456 $98,015

ON M&E ON LABOR
% OF 

COSTS
MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

20% 20% 100% $513,643 $346,086 $859,729

0% 0% 0% $0 $0 $0

$513,643 $346,086 $859,729

$990,478 $667,371 $1,657,849

$3,081,859 $2,076,517 $5,158,376

ON M&E ON LABOR
% OF 

COSTS
MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

10% 10% 32% $308,186 $207,652 $515,838

CLEAN ROOM DESIGN CONSULTANT 2% 2% 6% $61,637 $41,530 $103,168

$1,000,000 $0 $1,000,000

$1,369,823 $249,182 $1,619,005

$4,451,682 $2,325,699 $6,777,381

$8,132,857

$8,539,5002025 ESCALATION (5% Increase over 2024)

2024 ESCALATION (20% Increase over 2022)

PRIME CONTRACTOR COST TOTAL

COODINATION ITEMS WITH OWNER

ADA UPGRADES (20%)

 TOTAL PROJECT COST

CONTINGENCIES

OTHER 

SUB-TOTAL No. 3

DESCRIPTION

CONSTRUCTION COST TOTAL

DESCRIPTION

OTHER PROJECT COSTS

DESCRIPTION

OTHER PROJECT COSTS TOTAL

OWNER DIRECT COSTS

PRIME CONTRACTOR

R00

CLEAN ROOM CONSTRUCTION (FH CHASE QUOTE)

MECHANICAL

STRUCTURAL

A/E DESIGN COSTS

SUB-TOTAL No. 1

SUB-TOTAL No. 2

SUB-CONTRACTOR COST TOTAL

STATE SALES TAX

PERFORMANCE BOND

GENERAL CONDITIONS, DIV 1

PERMITS

OVERHEAD

PROFIT

ARCHITECTURAL

DESCRIPTION

OPINION ON CONSTRUCTION COST

PROJECT SUMMARY

Job Name Scenario 1: Hybrid EEW 113/MSC Renovation

1/11/2023

ELECTRICAL

00-08958.00

072412.EEW113

PLUMBING

FIRE PROTECTION

CONSTRUCTION TRADE / DESCRIPTION

SUB-CONTRACTOR



Date

Revision

Client Proj. No.

GF Proj. & Ph. No.

% OF 
COSTS

MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

45.5% $1,500,000 $603,860 $2,103,860

0.7% $14,745 $18,105 $32,850

14.2% $282,067 $373,096 $655,163

19.8% $559,221 $355,834 $915,054

4.7% $133,576 $84,658 $218,233

0.0% $0 $0 $0

15.2% $234,552 $466,752 $701,304

0.0% $0 $0 $0

$2,724,160 $1,902,304 $4,626,465

ON M&E ON LABOR
% OF 

COSTS
MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

15% 15% 75% $408,624 $285,346 $693,970

5% 5% 25% $136,208 $95,115 $231,323

0% 0% 0% $0 $0 $0

$544,832 $380,461 $925,293

ON M&E ON LABOR
% OF 

COSTS
MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

10% 10% 71% $54,483 $38,046 $92,529

3% 3% 21% $16,345 $11,414 $27,759

0% 0% 0% $0 $0 $0

1% 1% 7% $5,448 $3,805 $9,253

$76,276 $53,265 $129,541

ON M&E ON LABOR
% OF 

COSTS
MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

25% 25% 100% $836,317 $584,007 $1,420,325

0% 0% 0% $0 $0 $0

$836,317 $584,007 $1,420,325

$1,457,426 $1,017,733 $2,475,159

$4,181,586 $2,920,037 $7,101,623

ON M&E ON LABOR
% OF 

COSTS
MATERIAL &
EQUIP COST

LABOR
COST

TOTAL
COST

10% 10% 38% $418,159 $292,004 $710,162

CLEAN ROOM DESIGN CONSULTANT 2% 2% 8% $83,632 $58,401 $142,032

$1,000,000 $0 $1,000,000

$1,501,790 $350,404 $1,852,195

$5,683,377 $3,270,441 $8,953,818

$10,744,581

$11,281,811

2024 ESCALATION (20% Increase over 2022)

2025 ESCALATION (5% Increase over 2024)

PRIME CONTRACTOR COST TOTAL

COODINATION ITEMS WITH OWNER

ADA UPGRADES (20%)

 TOTAL PROJECT COST

CONTINGENCIES

OTHER 

SUB-TOTAL No. 3

DESCRIPTION

CONSTRUCTION COST TOTAL

DESCRIPTION

OTHER PROJECT COSTS

DESCRIPTION

OTHER PROJECT COSTS TOTAL

EQUIPMENT COSTS

PRIME CONTRACTOR

R00

CLEAN ROOM CONSTRUCTION (FH CHASE QUOTE)

MECHANICAL

STRUCTURAL

A/E DESIGN COSTS

SUB-TOTAL No. 1

SUB-TOTAL No. 2

SUB-CONTRACTOR COST TOTAL

STATE SALES TAX

PERFORMANCE BOND

GENERAL CONDITIONS, DIV 1

PERMITS

OVERHEAD

PROFIT

ARCHITECTURAL

DESCRIPTION

OPINION ON CONSTRUCTION COST

PROJECT SUMMARY

Job Name Scenario 2: EEW 113 Renovation

1/11/2023

ELECTRICAL

00-08958.00

072412.EEW113

PLUMBING

FIRE PROTECTION

CONSTRUCTION TRADE / DESCRIPTION

SUB-CONTRACTOR
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December 6, 2022 Revised 
  
Greg Munter 
   

 
 
RE; Penn State Packaging Laboratory – Preliminary Programming 
Document 

 
 CLEANROOM WALLS, DOORS AND CEILINGS 
 
 
Greg: 
 
Below please find our preliminary budget pricing to build out the architectural components of the 
CR as described in Concept plan and programming provided to us. 
 

• Cleanroom Class Level ISO6 (FED Class 1000 with local containment at Class 
ISO5/FED100 

 
• Lighting – Yellow (Eliminates 500 nm and below light). Required wherever none fully 

exposed/developed substrates will be processed. I.E. Areas a,b below.   
• Approximately 3,200 SF sq. ft. of space uinder CR grid-Tooling Footprint…Excludes 

areas or return air chases. 
• 5 processing zones to combine like equipment support needs, a) Wet Processing for 

Plate/Dev/Strip/Etch) and (Surface Treatment/Surface Finish, b) Substrate Processing, c) 
Assembly/Inspect, Surface Analysis, d) Reliability, and e) Materials Storage and 
Equipment Core Area 

• Provide Fan Filter Units. 
• Added Costs for 3rd Party Independent Certification Company (alternate add) 
• Provide temporary protection of flooring, wall, and ceiling surfaces following installation 

as required during subsequent construction work and activities. 
• Division 11, 13, 22, 23 and 26 and the Cleanroom Contractor shall coordinate location 

of furnishings, equipment, mechanical, electrical, and cleanroom equipment prior to 
construction to eliminate any interferences. 

 
 
 
 

http://www.fhchaseinc.com/
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We look forward to the opportunity to review our proposal, qualifications and scope of this project.  
 
Sincerely,   
FH Chase, Inc. 
 
 
Domenic Russo 
President 
 
 
 

Penn State Packaging Laboratory CLEANROOM WALLS, DOORS AND CEILINGS 
Budget Price: One Million Seven Hundred Sixty-Six Thousand, Eighty Eight Dollars 

$1,910,000.00
 

CONSTRUCTION ONLY WITH NO DESIGN ASSIST AS CURRENTLY PROPOSED. 
 
STRUCTURAL SUSPENSION SYSTEM 
 
FH Chase, Inc. will provide engineered drawings illustrating our aluminum plenum cap system 
supported by the existing roof structure (confirmation of load capacity by others, reinforcing of 
building steel by others if needed) Perimeter Cleanroom Walls allowing for a layout as shown in 
PDF Concept plan.  The Plenum Cap will be 3” insulated panels strong enough to support 
maintenance personnel to access the top side during construction but does not include guardrails 
and is not intended as an occupied space.   
 
The area covered by the Plenum Cap is approximately 5,000 SF. CR positive areas and return air 
chases. 
 
Seismic bracing will be included per code and as needed to support our final system size and 
weight. Engineering costs and design is included. 
 
A Structural engineer with the proper insurances will provide stamped drawings for the ceiling 
system components area, building capacity is by others. 
 
 
 
CLEANROOM CEILING SYSTEM 
  

http://www.fhchaseinc.com/
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We have included a complete installation of approximately 3200 SF of our UG Lite Ceiling 
System.  The ceiling system will be installed at a 9’ elevation AFF.  The ceiling system is a 
Heavy-Duty Ceiling System that is designed to support the weight of; Lights, HEPA Filters and 
Cleanroom Blank Panels. (base bid is NOT a walk on ceiling) 
 
Additional components included with the ceiling system: 

• 2’x 4’ Cleanroom LED light fixtures as shown on the drawings with and without amber 
light as needed.   

• 2’x4’ RSR Fan Filter Units with Cabinets or Equal with average of 40% Filter coverage 
or an equivalent total SF of filter media using 4’x4’ units if better suited in final design or 
combination. 

• Astro Factory control system for FFU’s. 
• All seismic bracing required. 

 
 CLEANROOM PARTITIONS 
 
The perimeter wall system is designed to Skin the perimeter drywall supplied by others and epoxy 
painted by others.  The panels will be 1/2” thick with battens 4’ OC.  All ceiling track, floor track 
and battens are epoxy coated steel or clear anodized aluminum.  Wall panels have a painted steel 
skin on both sides with steel ribs and poly insulation interior or aluminum honeycomb core with 
aluminum skins. 
 
The partition height will be 9’-0”    
 
The Interior Partition System shall be 2” thick honeycomb with a cleanroom grade factory epoxy 
paint finish.  Wall panels are finished on both sides. System is designed for bulkheading tools 
through openings and have a deflection head track direct mounted to the grid. 
 
We Include: 

• Approximately 340 LF of 9’-0” high Cleanroom Wall System perimeter liner wall. 
• Approximately 406 LF of 2” Cleanroom Wall System with integral door frames.  
• Corners and Battens as needed  
• Protection of the modular wall system throughout the construction period using clean 

room approved products to properly protect walls so that it will be without any indication 
of use or damage at the time of substantial completion. 

 
CLEANROOM DOORS 
 

http://www.fhchaseinc.com/


 
 

 
 
 
 
 

 
 
50 Constitution Drive Telephone: (508) 339-3309 
Taunton, MA  02780-1070  Fax: (508) 339-3306 
www.fhchaseinc.com E-Mail: info@fhchaseinc.com 

California State License 
#996787 

Page | 4 

Cleanroom Grade Door units to interface with the wall systems.  We include single door units and 
double door units as shown on the drawing. The finish on the Doors and Frames will be Anodized 
Aluminum or Powder Coat Epoxy with standard approved CR hardware.  
 
Hardware carried for pricing purposes: 

• Closers 
• Vision Panels 
• Push Pull Handles and Plates 
• Aluminum or Steel Door Frames with CR finishes of epoxy paint or clear Anodized on 

aluminum. 
 
QUALIFICATIONS 
 
Electrical work requires a local licensed contractor to perform the work.  We do not 
include this work. 
 
 Electrical: Electrical components to include: 

1. Fan Filter Unit power wiring. 
2. Power Wiring to 2’x4’ LED lay-in light fixtures, 208-277vac/1-phase, including 
fixtures, lamps, drivers, 
switches, and power wiring. 
3. 120-volt duplex receptacles and back boxes. 
4. 208-volt outlets receptacles and back boxes. 
5. Central electrical panelboard(s) distribution with circuit breakers. 
6. EMT and non-metallic conduits and electrical junction boxes. 
7. Telecom data back boxes and conduit pathways to above cleanroom plenum cap. 
8. All electrical components shall bear the UL label. 
9. Include modular cleanroom system wiring package to central power connection(s) to 
the building electrical system. 
 
 

• We have not carried handrail or toe boards at the perimeter of the Plenum Cap and 
assume this will not be accessible after construction.  

• All electrical power to the light fixtures and Fan Filter Units is by others.   
• Bulkheading and tool fit out is not included in this price. Room will be built and tested at 

rest without tools or openings. Once certified to meet base bid design criteria, tool fit out 
package will need to be bid and retesting if required to recertify.     

• Card access system is supplied by others. 
• The materials and labor for the MEP trades’ any work within the cleanroom, design or 

installation is not included.   

http://www.fhchaseinc.com/
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• We do not include any field painting of structure, walls, floors, etc. 
• Perimeter Steel studs and Sheetrock walls are by others.    
• Duct penetrations, the supply and installation of collars and ductwork is by others.   
• Laydown area for materials will be available on site as needed to feed the project. 
• We have included 40-hour work weeks, no OT.   
• Doors and hardware located in drywall perimeter partitions are not included. We will trim 

CR skin walls to and surrounding the frames and trim out only up to the grid elevation. 
• Due to the Coronavirus pandemic and the unforeseen nature of what may or may not be 

within our control, If either party’s performance is delayed or made commercially 
impractical through no fault of their own by reason of labor disputes, inability to procure 
materials, failure of utility service, restrictive governmental laws, regulations or orders, 
riots, insurrection, war, adverse weather, Acts of God, epidemics, quarantine restrictions 
or other similar causes beyond the control of and without the fault or negligence of such 
party, the performance of such obligation shall be excused for the period of the delay. 

• Because of ongoing supply issues many of the suppliers will require a deposit to lock in 
pricing and raw materials. This will be passed on to the owner. 

 
 

CLEANROOM ALTERNATES 
 
Additional Cleanroom items that should be considered but are not currently included and we 
highly recommend: 
 

• Pass Throughs 
• Fire Extinguisher Cabinets 
• Corner Guards 
• Exit Signs 
• Gown-room Furniture and Tables    
• Plenum Cap Access Ladder for the 12’ height if service to any mechanical system may be 

required. 
 
ALTERNATE # 1 
 We will furnish and install approximately 5,097 SF of Statlock ESD or Groundlock Conductive 
Flooring System.  This product is designed to be installed over a sealed painted slab, existing VCT 
flooring or bare concrete. Access to building ground location provided by others within the 
perimeter of the clean space. 
 
Add to Base Bid: One Hundred Ninety Three Thousand Seventy-Five Dollars $208,550
 
 
 

http://www.fhchaseinc.com/
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ALTERNATE # 2 
 
CR Construction Protocol Management; 
 
Majority of Cleanrooms are built using Protocol Management techniques to “build the clean in” 
and assure Certification. Usually found in the specifications of the Cleanzone systems and all 
trades must adhere to this protocol. 
FH Chase, Inc. will implement and manage the protocol program per our Company standards and 
incorporated with any additional concerns Coward Environmental Systems, the A/E or Owner may 
have to assure certification at completion. 
 
Highlights Include: 

• Protocol management for Eight (8) weeks.  
• Training shall be provided to all tradesmen required to work in the Clean Zone. 
• Badges/Stickers will be issued for each level of training and transition on site to next levels 

of protocol. 
• A temporary wipe down/ gowning room is included. 
• One (1) protocol monitor/cleaner. 
• One (1) protocol manager.  
• 2-wipedowns (Intermediate and super clean).  
• Allowance for consumables for 12 workers per day for 8 weeks. Turn over at completion 

to university monitor who’s responsible for cleanroom adherence. 
 
Add to Base Bid:  One Hundred Thirty-Two Thousand Seven Hundred Forty Dollars $143,360.
 
ALTERNATE # 3 
 
CR Certification – Work to be performed by an Independent NEBB’s certified Independent 
Contractor per the specifications 
 

CLEANROOM OPERATIONAL PERFORMANCE VALIDATION 
SCOPE OF WORK 

 
• Airflow Velocity and Uniformity Test 
• HEPA Filter In-Place Integrity Leak Test  
• Room Pressurization Test  
• Lighting Level Test 
• Airborne Particle Count Survey – ISO Cleanliness Validation 
• Floor Conductivity Test 

http://www.fhchaseinc.com/
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Add to Base Bid: Forty Six Thousand Seven Hundred Forty Dollars $50,500
 
 
 
We appreciate the opportunity to quote on your requirements. 
 
 
Sincerely, 
FH Chase, Inc.  
 
  
Domenic Russo 
President 

http://www.fhchaseinc.com/


PSU Project No. 00-08958.00 Assessment for EEW 113 Cleanroom  
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APPENDIX C 
 
Electrical Existing Documents 
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