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Shippensburg University  
Campus Heating System 

 
 

1.0 FOREWORD 
The Central heating plant at Shippensburg University has provided reliable service to the 
University for sixty years, but is reaching the end of its useful service life.  Likewise, the 
steam and distribution system buried underground is also old and reaching the end of its 
service life.  This report outlines the results of a study completed by Entech Engineering, 
Inc. to determine the life cycle cost options for renovating the existing plant and steam 
distribution system, and comparing it to the life cycle cost of constructing a new natural 
gas fired heating plant with hot water distribution pipe. 
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2.0 EXISTING SYSTEMS 

2.1 Boiler Plant 

2.1.1 Description of Existing Boiler Plant 

The existing boiler plant for the Shippensburg University is an older plant that is 
approaching 60 years in age.  The large masonry (brick and concrete) structure is 
located near the main entrance to the Campus, across from the historic portion of the 
Campus that includes the President’s home and Old Main. 
 
The plant is primarily an anthracite coal-fired facility that also has a gas-fired boiler that 
was installed in 2003 to provide steam when the campus steam demand is low in the 
spring and fall.  The heating plant is shut down in the summer months when minimal 
heating is required as it relates to keeping a large steam and condensate system in year 
round operation.  Smaller gas-fired heating 
equipment is installed within the buildings to heat 
hot water for domestic use and for reheat during 
the summer.  Another improvement was the 
installation of dedicated boilers for the dining 
halls.  The summer shut down of the heating plant 
reduces energy costs because the boilers run 
inefficiently at low load, and because the piping 
distribution losses are eliminated.  Many of the 
plant operators are freed up during the summer 
and are available to perform maintenance on the 
central heating system, or to help with other 
landscaping tasks. 
 
The installed boilers in the Central Heating Plant are summarized in the table below: 

 
Table 1 - Central Heating Plant Boilers 

Tag Year Built Type 
Rated 

Capacity 
Fuel 

Boiler #1 1952 
Watertube 
w/stoker 

450 HP 
(15,000 PPH) 

Coal 
(barley) 

Boiler #2 1952 
Watertube 
w/stoker 

450 HP 
(15,000 PPH) 

Coal 
(barley) 

Boiler #3 1964 
Watertube 
w/stoker 

745 HP 
(25,000 PPH) 

Coal 
(barley) 

Boiler #4 1984 
Watertube 
w/stoker 

800 HP 
(27,000 PPH) 

Coal 
(buckwheat) 

Boiler #5 2003 
Flexible 

watertube 
480 HP 

(16,000 PPH) 
Natural Gas 

 
The total installed boiler capacity is 98,000 pounds per hour (PPH), but plant capacity 
should be based on the assumption that the largest boiler is unavailable because of 
maintenance or an unscheduled outage.  Therefore, “reliable” plant capacity is 
approximately 70,000 PPH when either Boiler #3 or Boiler #4 is out of service.   
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The campus steam demand typically peaks below 60,000 PPH; however, plant 
operators have reported that on rare occasions in the past, the steam load has 
approached 70,000 PPH.  Pipe distribution system losses are included in the steam 
load, and because of the poor condition of the piping distribution system, there have 
been times where the distribution losses have been significant.  The higher steam 
demand was probably associated with the combination of higher losses from leaking 
pipes during periods of very cold weather.  The steam demand in the dining halls also 
decreased when dedicated steam generators were installed to supply “clean steam” for 
kitchen use.  
 
By reviewing steam records during periods with no space heating and little water 
heating, we estimate that, on average, the steam load associated with distribution losses 
is approximately 6,000 PPH.  These losses will be steady throughout the year, hour after 
hour, while the steam distribution system is energized.  If steam or condensate leaks 
develop, distribution losses will increase until the necessary repairs are made.  
 
In the future, there will be added heat load as a result of buildings being added to the 
campus. However, there will also be a reduction in steam use through energy 
improvements in existing and replacement buildings, and reduced losses as a result of 
new steam distribution piping replacing the old pipe.  Improved controls on major steam 
loads can also decrease the peak campus steam demand by scheduling the steam load 
to occur at different times.  Consequently, the peak campus steam demand is expected 
to remain below 60,000 PPH in the foreseeable future.  Over a longer period of time, the 
steam demand may eventually increase, perhaps as much as a 25% increase could 
occur which would increase the peak to 75,000 PPH. 
 
In order to verify the steam load for the campus, a peak steam demand for each building 
has been estimated.  When the building steam load for each building is added with the 
estimated distributed losses, the total load is approximately 62,000 PPH, which confirms 
the estimates developed from the steam generation records described above. 
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Table 2 - Estimated Heating Load by Building (2009) 

Building Name Size (SF) 
Heat Load 
(Btu/SF) 

Heat Load 
(Btu/hr) 

Heat Load 
(PPH) 

Seavers Complex 114,437 20 2,288,740 2,289
Etters Health Center 8,998 35 314,930 315
Mowery Hall 93,793 20 1,875,860 1,876
Reisner Dining Hall 51,296 35 1,795,360 1,795
McClean Hall 100,340 20 2,006,800 2,007
Franklin Science Center 119,640 45 5,383,800 5,384
Naugle Hall 99,675 20 1,993,500 1,994
Shippen & El. School 81,668 30 2,450,000 2,450
Dauphin Humanities 86,653 35 3,032,855 3,033
Memorial Auditorium 26,375 35 923,125 923
Lehman Library 74,108 35 2,593,780 2,594
MCT Center 39,194 30 1,175,820 1,175
Grove Hall 69,278 30 2,078,340 2,078
Heiges 91,634 30 2,749,020 2,749
PAC 92,380 45 4,157,100 4,157
CUB 83,743 35 2,931,005 2,931
Lackhove Hall 51,215 20 1,024,300 1,024
Wright Hall 33,257 20 665,140 665
Kieffer Hall 51,529 20 1,030,580 1,031
McCune Hall 33,257 20 665,140 665
Harley Hall 58,979 20 1,179,580 1,180
Reed Operations 36,194 30 1,085,820 1,086
Kriner Hall 32,611 20 652,220 652
Shearer/Rowland 42,863 20 857,260 857
Huber 24,206 35 847,210 847
Stewart 11,936 35 417,760 418
Old Main 114,053 35 3,991,855 3,992
Henderson 36,250 30 1,087,500 1,088
Horton/Gilbert 72,053 35 2,521,855 2,522
Student Rec Center 64,196 35 2,246,860 2,247
          
 Total 1,895,811   56,973,855 56,000
    Distribution Loss 6,000,000         6,000 
       62,000

 

2.1.2 Condition of Existing Plant 

The existing plant is from circa 1952, when coal Boilers #1 and #2 were originally 
installed.  These two boilers and some of the equipment (deaerator, feed water pumps, 
condensate components, coal handling, etc.) and some of the piping are from that era.  
The remaining three boilers were added in the decades that followed.  Major upgrades 
and renovations have replaced instrumentation, fans, pipe headers and valves in recent 
decades, and occasional repairs and upgrades have occurred on an “as needed” basis 
over the years.  The plant steam header and associated valves were replaced in 1989.  
A typical plant maintenance budget is $50,000 or less, but projects for significant repairs 
and improvement are budgeted as needed.   
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The ESCO company, Abacus Engineered Systems, Inc. (Abacus), performed a detailed 
evaluation of the plant in 2004/2005. The study identified over 30 repairs, 
upgrades/enhancements, and the addition of systems for improving air emissions, 
reliability and overall plant function.  Abacus identified the work scope expected to keep 
the plant operable, viable and within the guidelines and requirements that DEP will soon 
require to reduce air, water, and land pollution.   
 
The University has addressed a few of the maintenance items listed in the Abacus 
report, including: 

 
 Roofing repairs 
 Roof drain improvements 
 Exterior brick repairs 
 Ash silo discharge chute modifications 
 

The majority of the other items identified as problems or needs have not been addressed 
to date, and as time passes, the scope and associated costs for those projects will 
continue to grow.  Most of the identified plant improvements are going to need to be 
implemented and the following sections of this report address many of them. 

 

2.1.2.1 Boilers 

The plant has four coal-fired boilers and one gas-fired boiler.  According to the 
operators, the unit least used is Boiler #4, which is the newest coal-fired unit 
installed in 1984.   
 
Problems/Concerns 
 
1. Boiler #4’s stoker requires buckwheat sized coal due to the size of the 

openings between grate keys.  The remaining boilers burn barley sized coal, 
requiring storage and transport of two different coal sizes.  Having two coal 
sizes requires separate coal piles and causes logistical operating issues with 
delivering the coal to Boiler #4.  During the peak heating periods, this boiler 
has been used less because of this limitation of delivering two different sizes 
of coal with one coal conveying system.  Also, the drive for Boiler #4’s stoker 
is located at the front of the boiler, as opposed to the remaining boilers which 
have their drives at the rear.  Several 
stoker experts have identified this 
boiler’s equipment arrangement as a 
problem; rear-drive stokers have 
fewer maintenance issues.  The 
stoker in Boiler #4 should be replaced 
with a drive located in the rear of the 
boiler if the stoker is replaced so 
“barley” coal can be used in this 
boiler. An alternative solution is to 
eliminate coal for this boiler and 
convert it for natural gas use. 
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2. The anthracite coal requires moisture in it to remain on the stoker properly, 

which in turn is likely contributing to the corrosion problems in the storage 
bins above.  The coal, with added moisture, likely contributes to the boiler 
efficiency problems. 

3. None of the boilers (Boilers #1 through #4) have ever been completely re-
tubed, although some tube replacements have occurred over the years.  All 
drums are original. While there are no visible indications that pressure parts 
in the boiler are failing, two boilers are nearly 60 years old and should be 
thoroughly inspected and selective non-destructive testing conducted to 
determine overall condition of the parts. Any weak areas should be repaired 
or replaced. We recommend the remaining boilers also be inspected at the 
same time.  

4. There are no longer any manufacturers of anthracite boilers like those 
installed at the University.  Replacement parts for these coal boilers are 
becoming more and more difficult to acquire.  It is likely this trend will 
continue to make maintaining these boilers more and more difficult over time.  
New equipment for boilers this size is nearly impossible to find, and the 
newer equipment is likely to be manufactured with less quality than the older, 
well-made and robust equipment from a different era when coal was more 
commonly used. 

5. Adding gas burners to the existing coal boilers would be an improvement in 
fuel availability and emissions. But our experience is that retrofitting this type 
of boiler with a simple flame type burner system is not very effective, nor very 
efficient when compared to a more typical gas gun or cone-type burner.  
There are more modern style gas burners that can be added to the existing 
boilers, and can also include ability to fire on oil, as suggested in the Abacus 
study.  However our opinion is this dual fuel setup is not an approach that we 
would recommend for these boilers.  For this study, we will assume Boiler #4 
will have has a gas-fired burner and metal cone added to it that will allow for 
more use of natural gas in the plant. 

6. In the Abacus study, it was reported that the efficiency of the coal boilers was 
50% to 55%, which is lower than expected.  Entech obtained records from the 
boiler plant that showed how much coal was consumed while the boilers were 
on standby and coal was banked to keep the boilers fired and ready.  With 
this practice of keeping coal boilers fired and ready to go in an event of a 
boiler failure, the average plant efficiency decreases significantly. 

 
Recommendations 
 
The University could replace Boiler #4’s stoker to enable burning barley sized 
coal and locate the drive at the rear.  However, we recommend the alternative 
solution of retrofitting a gun-style burner with a sheet metal cone within the 
firebox. 
 
Using the boiler plant data, we have calculated that the coal boiler efficiency 
should increase to 67.4% if the coal banking and coal boiler standby operation is 
virtually eliminated.  If there is an unscheduled outage of one of the coal fired 
boilers, the larger, modified gas-fired boiler could be quickly brought online.  If a 
coal-fired boiler is retrofitted with cone-style, gas-fired burners, this boiler can 
then be used for standby use and for trimming the steam load. Also, the practice 
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of banking coal in boilers can be eliminated.  Coal consumption will decrease 
because the coal boilers as a whole will be operating more efficiently as they are 
more fully loaded.  As the gas-fired boilers are utilized more, the quantity of 
natural gas used will obviously increase.  Presently the plant, along with the 
summer heating equipment, has a fuel mix of approximately 86% coal and 14% 
natural gas. We estimate the fuel mix will move to approximately 75% coal and 
25% natural gas as the coal-fired boiler operation becomes more efficient by 
using coal for load support only, while the gas-fired boilers are used for helping to 
trim the remaining load not supported by the operating coal boilers. 
 
Another possible solution is to replace Boiler #4 with a new, gas fired boiler.  The 
new boiler could either be a fire-tube or a water-tube style boiler.  This boiler 
should be more efficient and have better turn-down capability than the coal boiler 
retrofitted with gas burners. Available space will likely determine the type of boiler 
used.  For cost estimating purposes, we assumed a 600 HP water-tube boiler be 
installed, with an estimated cost of approximately $500,000. 

2.1.2.2 Coal Storage 

The existing coal storage sits on grade just beyond the fence of a University 
baseball field (Eckel’s Field).  Visually, the location is not ideal for the primary 
Campus entranceway, adjacent to Old Main, the President’s House and the rest 
of the historic portion of the campus.  The visual aspect of the coal storage will 
be difficult to hide its presence.  
 
If the plant is to remain, then the coal storage area should be addressed, both 
from an environmental control standpoint, and to improve the fuel handling and 
pathway.   
 
Problems/Concerns 
 
1. Area available is inadequate in size for the maximum storage volume 

required.  The peak storage quantities now end up spilling onto adjacent 
Rails to Trails property right of way.  

2. Coal pile runoff (storm water) is not contained or controlled.  Ash-water slurry 
discharge from the plant has also backed up and spilled onto the site.  Runoff 
flows now go into a swale on the south side of the boiler plant that presently 
contains ash and coal dust.  It is 
possible that an NPDES permit will 
ultimately be required to ensure these 
industrial runoffs are properly contained, 
treated or controlled. 

3. The south end of the coal storage area 
has a concrete barrier wall, but the west 
and north ends have no barriers.  The 
north half has no pad for the coal.  The 
entire storage area should sit on a 
concrete pad and have walls around it 
on three sides to contain the coal pile to 
prevent coal from spilling around the yard..  

 
 

Coal Pile Area Next to Eckel’s Field (End of Season) 
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Recommendations 
 

1. Provide a concrete slab for storing the  
entire storage area off grade. 

2. Install concrete barrier walls for the 
north, west, and south sides (to allow 
for increased storage height). 

3. Provide an area drainage and 
separation treatment system for 
improved discharges to the storm 
water system. 

4. Install a better ash removal system. 
5. Install a new forced-main sewer line. 

 
 

2.1.2.3 Coal Handling 

The bucket elevator, belt conveyor 
feeding the elevator, bunker fill drag 
conveyor, and coal lorry are continually 
maintained and are comprised of 
numerous components.  As individual 
components fail, they have been replaced 
or repaired.  This system, however, is 
very old and will require continuous 
maintenance, with most all of the system 
needing to be replaced over time. 
 
Problems/Concerns 
 
1. The main feed hopper for the building is located at an elevation higher than 

the coal storage area, making transfer of coal from the storage area to the 
hopper difficult.  The hopper and loading system, including the elevator, 
should be replaced with a new setup. 

2. The existing coal hopper is partially located on the Rails-to-Trails property 
and is not totally on University property.  Therefore, access to the hopper 
utilizes the Rails-to-Trails property. 

3. The lower sloped wall portion of the four overhead coal bunkers was replaced 
with stainless steel components over 15 years ago.  The upper vertical walls 
of the bunkers are carbon steel, are 
badly corroded, and are in need of 
repair at this time.  The water in the 
coal from the uncovered anthracite is 
likely adding to the corrosion problem.  
Uncovered anthracite coal piles are 
common in the State and the 
University wants to keep it uncovered. 
The repairs of the vertical walls should 
be done soon. 

4. The horizontal coal conveyor above 
the coal bunkers in the building is very 

Hopper Load Point to Elevator 

Storm Water Swale Adjacent to Coal Pile 
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old and will likely need significant repairs to maintain future operation.  
Special delivery methods are necessary to deliver two different coal sizes.  
Modifying Boiler #4 to gas will eliminate the coal size issues. 

 
Recommendations 
 
The main feed hopper should be relocated away from the adjacent property.  To 
simplify filling the main feed hopper, either extensive re-grading will be required 
(to allow for truck or front-end loader access to the hopper) or an inclined belt 
conveyor can be added.  The belt conveyor could be fed by a front-end loader at 
the coal storage area level.  The coal hoppers to the four boilers and the related 
horizontal conveyor will need repairs/replacement to meet the plant needs for 
several more decades of operation.  An extension of the conveying system is 
also recommended should the University continue to use coal in Boiler #4. 
Eliminating the stoker in Boiler #4 and replacing it with a gas burner will alleviate 
this problem. 

2.1.2.4 Ash Handling 

The coal boilers have ash that falls out of 
the boiler at the end of the stoker. All of 
the coal boilers have dropout cyclones at 
the breeching outlets that takes the 
largest (PM 10 +/-) of the ash particles 
out, but does nothing for collecting the 
remaining particles that includes the 
smaller (PM 2.5 +/-) particles.  Stricter 
environmental regulations will likely 
require improved cleanup of these 
particulates in the future. 
 
Problems/Concerns 
 
1. The ash wash system has operational problems, which impact the storm 

water and sewer water systems.  The existing ash wash slurry tank system is 
in need of upgrade/replacement.  

2. Presently, steam is used for inducing a vacuum to pull the ashes from the 
bottom of the boiler.  The present steam induced vacuum system also uses 
an ash wash system that has created problems with both the sewer and local 
storm water collection.  The wet ash produces a thick slurry that probably 
should not be going to the sanitary system, and certainly not the storm water 
system.   

3. Large fly ash particles are removed at 
the boiler exit from the flue discharge 
dropout.  The remaining fly ash is 
released to the atmosphere.  Further 
flue gas clean-up will be necessary in 
the near future. 

 
 
 
 

Dropout from Boiler Cyclone 

Ash Wash Sump which Floods 
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4. The existing steam powered ash vacuum system is dependent on the ash 
wash system to keep the system operable.  The ash wash sump floods when 
the discharge is plugged. 

 
Recommendations 
 
The flue gases can be cleaned up with a three or four section bag-house. We 
recommend a primary cyclone be installed before the bag-house.  Because 
upcoming environmental regulations continue to become more stringent, we also 
recommend a SO2 scrubber be considered.  The Pennsylvania State Facility 
Engineering Institute (PSFEI) does not believe a scrubber is necessary, so we 
have not included the cost in the renovation estimate.  A new fan, approximately 
200 to 250 HP, with a variable frequency drive, will be required.  The fan will 
increase energy consumption in the plant.  A new 70 to 100 foot stack must also 
be added. 
 
Replace the steam system with an electric driven vacuum pump which will make 
the ash removal system more energy efficient and eliminate the need for the ash 
wash system; however, a dust collector should be added to the top of the ash 
silo. 
 

2.1.2.5 Plant Steam System 

 
Problems/Concerns 
 
The main heating plant steam header piping and valves are about 20 years old 
and in fair to good condition.  Some of the remaining pipe is 60 years old and at 
the end of its operating life.   
 
Recommendations 
 
A heating plant renovation project should include replacing some of the 
remaining older pipe, valves, and structural supports. 
 

2.1.2.6 Plant Condensate Return System 

 
Problems/Concerns 
 
Past water quality issues may have damaged some of the condensate pipe. 
 
Recommendations 
 
A heating plant renovation project should include costs for replacing some of the 
condensate equipment, piping, and valves.  The Campus distribution system 
should also be addressed, or the plant may eventually need a condensate 
polisher if deterioration of the old distribution system continues. 
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2.1.2.7 Plant Feed Water System 

The deaerator and feed pumps are likely 40 to 50 years in age.  The feed water 
temperature control has not been consistent and boiler feed water control valves 
are not reliable. 
 
Problems/Concerns 
 
1. Existing feed water control valves are 

old and unreliable. 
2. The control valve for steam line to 

deaerator (DA) tank does not maintain 
constant pressure. 

3. The DA tank is showing deterioration 
and needs to be replaced.  This was 
also confirmed by the boiler inspector. 

4. The type of feed water pump presently 
used is not necessarily needed for this 
application.  Newer styles are cheaper 
to buy, easier to maintain, and are 
more efficient and less troublesome 
than the older style pumps. 

 
Recommendations 
 
The deaerator (DA) and pump set should be replaced.  The size of a future unit 
should be a 100,000 PPH unit with at least three new pumps, replacing the old 
pumps.  The recommended pump style is a vertical staged centrifugal that is 
efficient and easy to maintain.  The plant feed water piping, valves, and 
instrumentation should also be replaced with any plant upgrades.  The boiler 
feed water valves should be replaced with new electronically controlled valves.  
Also, the DA tank steam piping and control valve should be replaced.  The 
replacement of the deaerator will require removal and rebuild of the roof and/or 
wall of the building in the vicinity of the existing DA tank because there is no 
access to the equipment in this room.  Because building modifications are 
required, the coal handing and ash removal equipment replacement should 
probably occur at the same time. While some evaluations have recommended 
only partial replacement of the DA tank (the storage compartment), we do not 
believe this is a satisfactory long-term solution. 
 

2.1.2.8 Makeup Water and Chemical Treatment 

Poor water treatment in the past has led to damaged piping (primarily 
condensate).  Changes in recent years, including the use of water softeners, 
have improved this situation.  No significant changes are needed at this time, but 
due diligence and monitoring needs to be ongoing to maintain good boiler water 
quality.   
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2.1.2.9 Heating Plant Instrumentation and Controls 

 
Problems/Concerns 
 
1. As part of the gas boiler project, the boiler plant controls were updated with 

Siemens 353 controllers.  These controls are adequate, but require some 
upgrades to stay current with SCADA (Supervisory Control and Data 
Acquisition) systems being installed at other State System of Higher 
Education (SSHE) facilities.  The addition of Ethernet boards in conjunction 
with the upgrade and additions of instruments and meters will be required. 

2. Some of the existing devices and valves are relatively old, and the controllers 
and available data are limited, and should be replaced. 
 

Recommendations 
 
Replace older devices (instruments and valves) and outdated controllers and 
meters for the boilers and related equipment.  The new Ethernet system, with 
input from new and existing plant controllers and devices/valves with a Human 
Machine Interface (HMI), will allow plant personnel to control, visualize, and track 
the operation of the plant at any time, including the quality and/or usage of 
steam, fuels, waters, chemicals, etc.  Such a system will have the ability to allow 
for monitoring/control (limited) over the internet, if desired.  The existing plant 
controller can remain. 
 

2.1.2.10 Heating Plant Electrical 

 
Problems/Concerns 

 
1. Much of the plant electrical switchgear, motor control centers (MCC), feeders 

and branch circuit wiring is old and should be replaced.   
2. The emergency generator is undersized to meet the added motor loads that 

will be added with air pollution control equipment.  For example, a new bag-
house may require a 200-250 HP fan and the vacuum pump for the ash 
removal system may be 50-75 HP. 

3. The transformer will likely need to be replaced to accommodate the added 
motor loads, and may need to be relocated to better accommodate the new 
air pollution control equipment.   
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Recommendations 
 
Replace the heating plant’s primary switchgear, MCC’s, feeders, branch circuit 
wiring, and all related components to 
provide new power distribution for the 
entire plant.  Replace the existing 350 kVA 
emergency generator with a 750 kVA 
generator. Replace the main switchboard, 
MCC’s, and branch wiring.  Existing 
conduits can be re-used wherever possible, 
but new conduits will likely be required 
throughout much of the plant because new 
equipment locations will be necessary.  
New lighting will have to be installed as 
new equipment is installed, which will 
rearrange platforms and walkways. 
 

2.1.2.11 Miscellaneous Projects 

 
Problems/Concerns 
 
1. The existing bathrooms and locker areas are in need of upgrades and 

refurbishment. 
2. The building ventilation system, which uses roof-mounted exhaust fans, is 

inadequate and outdated. 
3. The building’s existing windows are not all operable, and are in need of 

replacement.  Ventilation and combustion air is provided through these 
windows. 

 
 
 

Recommendations 
 
1. Refurbish bathrooms and locker areas. 
2. Provide new/additional roof ventilation. 
3. Replace the existing windows with a 

combination of new windows and 
louvers with dampers. 

 
 

 
Figure 1 that follows shows the overall view of the heating plant area.  Figure 2 depicts 
the layout of the existing plant, and some of the proposed modifications for the plant and 
site. 

An Original Electrical MCC 
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FIGURE 1 
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2.2 Steam and Condensate Distribution 

2.2.1 Description of Existing Steam and Condensate Distribution System 

The existing steam and condensate distribution systems on campus are in poor 
condition.  Each year, the University operating and maintenance personnel have been 
locating and repairing pipe leaks throughout the campus.  Manhole piping, seals and 
pump/venting systems are also in need of repair or replacement. 
 
Some of the distribution pipe was installed in the 1950’s and 1960’s.  Approximately 30% 
to 40% of the primary sections of the steam mains were replaced in the mid 1990’s, 
along with sections of condensate piping.  New manholes were added, and many older 
manholes were replaced, including the piping in those manholes.  In recent years, one of 
the steam mains near the plant was replaced with an all-mechanical joint system that 
eliminates expansion joints and welding.   

2.2.2 Condition of Existing Steam and Condensate Distribution System 

The campus maintenance staff has made great strides with making the necessary 
repairs to fix steam and condensate leaks as they 
develop.  However, while these repairs have 
successfully reduced steam and condensate 
losses, new leaks develop and the amount of 
maintenance continues to be high.  The poor pipe 
condition appears to be spread throughout the 
campus and not concentrated in any one area.  
The older pipe is failing and the newer pipe 
installed 15 years ago is also failing because of 
poor quality welds at the pipe joints. Condensate 
pipe made from fiberglass was also installed, and 
continues to be a re-occurring source of pipe 
failures. 
 
The condensate system continues to be a major problem, and according to University 
personnel, the majority of corrosion damage in the older piping is from the outside in.  
This is caused by infiltration of groundwater through the outer conduit piping joints of the 
RICWIL system.  Also, in the mid-1990’s, much of the condensate pipe was replaced 
with fiberglass carrier piping; however, that piping has begun to fail due to the inherent 
nature of fiberglass piping not being able to handle hotter condensate temperatures 
normally found at the high-pressure drip-legs and from steam leaks coming from failed 
steam traps.  As a result, all of the condensate pipe should be replaced. 
  
Most of the steam piping was installed as a “RICWIL” system that utilizes a carrier pipe 
inside a containment pipe.  In the past, this pipe was installed with an outside 
containment pipe made from carbon steel and coated with epoxy, or tar, to protect the 
pipe from exterior corrosion.  The pipes also normally had a passive-type cathodic 
protection system.  If the anodes on the cathodic protection are not maintained properly, 
which commonly happens, the containment pipe can quickly corrode where the piping 
coating is compromised, allowing the steel pipe to make contact with the ground.  When 
the outside pipe develops pitting or a crack forms at the location with pipe corrosion, the 
ground water then enters the defect and the pipe quickly corrodes from the outside.   

Partial List of Repairs in 2008 



Entech Engineering, Inc. Page 17  

This is the likely cause for many of the steam leaks in the steam pipe. Moisture migrates 
through the carrier pipe and settles in the interstitial space between the carrier pipe and 
the containment pipe.  The water then corrodes the steam pipe from the outside. 
 
In addition to the pipe being in poor condition, the lines are undersized in various parts of 
the system. These “bottlenecks” have caused the system to have high pressure drops at 
the remote ends of the system, which can lead to inadequate steam flow to some 
buildings during cold weather.  The campus steam loop will be improved if sections of 
pipe can be replaced with larger pipe. There are also benefits of installing a loop around 
the campus so that steam can be fed from two directions.  If a section of pipe fails or 
needs repair, having the ability to isolate sections of pipe without shutting down the 
entire system would be very helpful. 
  
The new mechanical joint steam piping in a couple of sections has worked without 
problems since it was installed two years ago.  However, we are concerned that this type 
of pipe connection that is not welded may have a shorter life.  This pipe technology may 
be effective, but we have no direct experience with its long term life.  We prefer to use a 
welded carrier pipe with a welded containment pipe, similar to the “RICWIL” type system 
that was installed years ago.  Newer designs use an HDPE jacket that wraps around the 
containment pipe to keep moisture out and to protect the pipe. Epoxy coatings and 
cathodic protection are no longer required with this type of piping system.  Expansion 
needs to be dealt with using a combination of underground expansion loops and 
mechanical expansion joints.  While more expensive to install, we have found this 
system to be much better and more robust than the older style piping systems.  
 
Recommendations 

 
1. The Campus steam and condensate system should be replaced in its entirety if 

steam and condensate is continued to be used from the existing plant location.  The 
existing manholes and related components will likely require replacement or repair.  
The tunnels and related piping are thought to be in good shape. 

2. Utilize the HDPE jacketed double piping system described above.  Vendors that 
supply this type of piping system include Thermacor and Rovanco. 

3. Many facilities have gone to Schedule 40 316L stainless steel in lieu of Schedule 80 
E53 carbon steel for the condensate piping.  It is believed that the stainless steel 
system will last longer, and reduce system contamination from corroding pipe.  The 
University can bid both Schedule 80 carbon steel and Schedule 40S 316L piping.  
The added cost to go to stainless steel may be worth it because of its longer life. 

 
Figure 3 on the following page depicts the existing steam and condensate from the 
heating plant. 
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2.3 Future Environmental Requirements/Impacts 
With the increasing concern regarding carbon emissions and global warming, and 
emissions in general, coal-fired boiler plants will continue to be targeted for increased 
regulation and decreased emissions.  Pollution control requirements experienced at 
coal-fired electric generation plants will likely be directed at smaller coal-fired plants like 
Shippensburg University’s plant.  New environmental regulations are not presently being 
imposed on the University, but are likely to happen in future years.  Performing a much 
needed upgrade to the existing plant will likely trigger the start of changes that will be 
needed. 
 
As previously discussed, the addition of a large baghouse type dust collection system 
would be the next step.  A three or four section unit with a 200 HP (+/-) fan motor will 
require that the remaining coal boilers be tied together into one breaching system.  An 
additional “main” cyclone would be recommended to protect the baghouse, and a large 
fan will be used to maintain a high velocity in the breaching main at all times to limit 
dropout. 
 
An outlet stack will be required, and the height will be dependent on the terrain and wind 
currents for this area of the campus.  A stack up to 100 feet in height may be required.  
A more “futuristic” need would be the addition of a simple wet scrubber to reduce levels 
of SO2, which are fairly low with anthracite coal. 
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3.0 FUTURE HEATING LOADS 

3.1 Building Additions/Deletions 
The future heating loads will increase with the addition of close to 740,000 square feet 
(SF) of new space in the next 10 years or so.  This equates to approximately 20 million 
Btu’s/hour of additional heating demand.  
 
The additions include future expansion to the CUB (50,000 new SF) and Lehman Library 
(70,000 new SF).  A plan for new buildings is in place to add a total of five (5) structures 
equating to over 350,000 SF of greenfield construction. 
 
The 2008 Housing Master Plan recommended the replacement of the existing resident 
existing residence halls with six (6) new buildings totaling almost 900,000 SF to be 
constructed in three phases.  Phase 1 is in design at this time and there have been 
modifications to the numbers of buildings, but for planning purposes, the bed counts and 
square footages are similar so the Master Plan figures will be utilized.  Also, the Phase 1 
design will not be using steam for heating.  However, for planning purposes, we have 
included the heating loads for those buildings in our plant sizing calculations.  The 
existing residence halls to be replaced include Seavers Complex, Mowery Hall, McClean 
Hall, Naugle Hall, Lackhove Hall, Wright Hall, Kieffer Hall, McCune Hall, and Harley Hall, 
totaling over 600,000 SF.  Two other support building structures are also planned for 
demolition: Reed Operations and Etter Health Center, totaling approximately 50,000 SF. 

3.2 Future Heating Demand  
An estimate of the future heating load is shown in Table 3 on the following page.  The 
new buildings proposed in the campus master plan are included in this list.  The 
estimated future heating load peak is estimated to become approximately 75,000 PPH, 
or 75 mmBtu/hr, which is 25% over the existing peak steam load.  Energy conservation, 
more efficient buildings, and decreased distribution losses will lower this estimated peak. 
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Table 3 – Future Heating Loads 
 

Building Name Size (SF) 
Heat Load 
(Btu/SF) 

Heat Load 
(Btu/hr) 

Heat Load 
(PPH) 

Reisner Dining Hall (w/expansion) 71,296 30 2,139,000 2,139
Franklin Science Center 119,640 45 5,383,800 5,384
Shippen & El. School 81,668 30 2,450,000 2,450
Dauphin Humanities  86,653 35 3,032,855 3,033
Memorial Auditorium 26,375 35 923,125 923
Lehman Library (w/expansion) 144,108 30 4,323,000 4,323
MCT Center 39,194 30 1,175,820 1,175
Grove Hall 69,278 30 2,078,340 2,078
Heiges 91,634 30 2,749,020 2,749
PAC 92,380 45 4,157,100 4,157
CUB (w/expansion) 133,743 30 4,012,000 4,012
Kriner Hall 32,611 20 652,220 652
Shearer/Rowland 42,863 20 857,260 857
Huber 24,206 35 847,210 847
Stewart 11,936 35 417,760 418
Old Main 114,053 35 3,991,855 3,992
Henderson 36,250 30 1,087,500 1,088
Horton/Gilbert 72,053 35 2,521,855 2,522
Student Rec Center 64,196 35 2,246,860 2,247
       
New Dorms -Group 1     
3A 143,300 20 2,866,000 2,866
3B 154,400 20 3,088,000 3,088
1B 127,000 20 2,540,000 2,540
      
New Dorms -Group 2     
1A 157,000 20 3,140,000 3,140
2A 142,600 20 2,852,000 2,852
2B 138,800 20 2,776,000 2,776
       
New Buildings     
Building between Grove & MCT 68,800 20 2,339,200 2,339
Building between Dauphin & 
Franklin 55,600 20 1,890,400 1,890
Building on Naugle Site-1 87,200 20 2,964,800 2,965
Bld between Kriner & Henderson 75,600 20 2,570,400 2,570
Building on Naugle Site-1 76,000 20 2,584,000 2,584
   
 Total 2,580,437   74,657,380 74,656

Distribution Loss 2,500,000 2,500
       77,156
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4.0 FUTURE HEATING OPTION EVALUATION 
The following subsections review the two options being considered for supplying heat to 
Shippensburg University for the next 30 years or more. 

4.1 Campus Heating Improvement Options 
From our evaluation of the existing heating plant and steam distribution system, we 
believe significant upgrades are necessary in order to provide reliable heating to the 
campus for the next 30 years.  The boiler plant needs to replace aging equipment that is 
reaching the end of its operating life.  Upgrades will be necessary to keep the plant 
within compliance with ever-increasing environmental regulation. Boiler #4 should be 
modified so that it can use the same size coal as the rest of the coal-fired boilers, or be 
converted to fire using natural gas to decrease the need to bank the coal or have a coal-
fired boiler on stand-by.  We recommend the latter, converting Boiler #4 to use natural 
gas, instead of coal. 
 
Even more critical to keeping the present heating method in place is the fact that most of 
the underground steam and condensate pipe should be replaced throughout the 
campus.  The pipe is in poor condition and continues to require a high amount of 
maintenance by the physical plant staff.  The pipe is also undersized in some areas so 
that it is difficult to supply the required steam to some buildings during periods of colder 
weather.  As the campus steam load grows, the undersized piping will become an even 
larger problem.  There are also sections of pipe that must be relocated so that new 
buildings identified in the campus master plan can be constructed. 
 
In the Campus Master Plan, a variety of options for renovating or replacing the campus 
heating plant and steam distribution system were explored.  In this study, we focus on 
three of those options that appeared to have the most merit: 
 
Option 1 – Upgrade the existing steam plant to continue its operation for another 30 
years and replace the underground steam/condensate distribution pipe. 
 
Option 2 – Construct a new, natural gas-fired heating plant and replace the underground 
steam/condensate pipe with a new underground hot water distribution system.  Number 
2 fuel oil can be used as a secondary fuel should the natural gas supply be interrupted. 
Ideally, the heating plant for this option would integrate the University’s plans to 
construct a central chilled water plant and system. 
 
Option 3 – Upgrade the existing steam plant to continue its operation for another 30 
years, and replace the steam/condensate distribution system with a pumped hot water 
distribution system. 

 
 

Option 1 – Renovate Existing Heating Plant/Steam Distribution System 
 
Heating Plant 
Repair, replace, and upgrade aspects of the existing heating plant to address the issues 
described above.  While it is possible to do a portion of these maintenance and capital 
renewal projects each year, we do not recommend such a piece-meal approach.  It is 
less efficient and more costly to wait for problems to develop in an aging plant. The 
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University also does not have the necessary budget to tackle these projects each year.  
The scope of work described below assumes all the plant and steam distribution system 
described above is addressed in a single capital renewal project to extend the life of the 
plant for another 30 years.  Phasing of work with seasonal needs in mind will be critical 
for implementing changes to the plant, and even more problematic for the replacement 
of the steam and condensate piping.   

 
Plant Renovation Scope of Work 

 
 Building maintenance (windows, doors, painting, etc) 
 Site improvements (storm sewer, water, sanitary and road improvements) 
 Boiler integrity testing and inspections with modifications and upgrades expected 
 Add gas burner and associated sheet metal to Boiler #4 
 Repair/rework coal elevator, conveyor, bins, and storage bunkers 
 Replace DA tank, pumps, and piping 
 Ash Handling system upgrade 
 Air Pollution Control equipment 
 Plant piping and valves (limited) 
 Upgrade boiler controls (limited) 
 New emergency generator 
 Upgrade/replace plant electrical (majority) 

 
Because of the uncertainty involved with partially replacing equipment in the existing 
plant, a higher contingency has been included in the project cost estimate. 
 
This work must be accomplished without taking the heating plant out of operation.  The 
plant is normally shut down from May through September, so most of the work will have 
to occur during these months and may require more than one shutdown period.  The 
project will have to be managed so that preparation work is completed, and equipment 
ordered and delivered prior to the plant shutdown. 
 
Steam Distribution System 
 
The steam lines will be replaced with new 
steam and condensate pipe.  Some 
manholes can be reused, but the valves, 
traps, and related equipment should be 
totally replaced.  The line sizes should be 
larger in a few locations to accommodate 
the increased steam load expected in the 
future.  Our cost estimate assumes it is 
possible to salvage the section of steam 
line located near the heating plant which 
was recently replaced.  There is also pipe 
in the tunnel which supplies steam to Old 
Main and the surrounding buildings.  This 
pipe appears to be in good condition and we believe can remain in service. We 
recommend the new steam and condensate lines be steel with steel containment and an 
HDPE jacket.   
 

Recommended Steam and Condensate Piping 
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Because of the large amount of underground rock and the deep trenches required for 
steam lines (the lines must slope for proper condensate drainage), we recommend the 
new steam lines be installed in the location of the existing lines wherever possible.  
However, the pipe can then only be replaced in the summer months when the steam 
system is shut down.  It will take at least two summers to replace the lines.   
 
Option 1 Cost Total 
 
An opinion of probable cost has been prepared for this option, which is shown in 
Attachment 1.  The cost is estimated to be $11.7 million for the plant improvements and 
$19.6 million for the steam/condensate pipe replacement.  The estimated cost for the 
total project for Option 1 is $31.3 million, which includes contingency costs and 
professional fees. 
 
 
Option 2 - Construct a New Natural Gas-Fired Heating Plant/Hot Water Distribution 
 
Construct a new natural gas/oil fired hot water boiler plant at another location on 
campus.  The campus site plan shown later in Figure 4 shows the various locations 
evaluated as possibilities for the new plant.  Factors that should be considered when 
selecting the new location are as follows: 
 

 The plant should be located as close to the Campus heating loads as possible in 
order to reduce piping costs and minimize pumping costs. 

 Because the plant will contain large, noisy equipment, it should be located away 
from other buildings as much as possible.   

 Because the plant will require truck traffic (plant deliveries, maintenance trucks, 
etc) it is better to locate the facility outside of the Campus, away from heavy 
pedestrian traffic. 

 The site must be available for this function. 
 

The preferred location for a new plant is across from the Spiritual Center, which is the 
same site as proposed for the Central Chilled Water Plant. In fact, the heating plant 
should be adjoined to the Central Chilled Water Plant so facilities and operators can be 
shared for more efficient operation.  Figure 5 shows the proposed location for the 
heating plant on the site.  The proposed Central Chilled Water Plant is also shown.  
Ideally, it would be best to construct both facilities at the same time; however, with 
proper planning, the two projects can be phased and coordinated. 
 
Three 1,000 HP hot water boilers will be installed inside the 8,000 SF building.  Other 
equipment and facilities needed in the plant are the following: 
 

 High bay building construction with overhead doors (integrate with the chilled 
water plant) 

 Piping, expansion tanks, pumps and buffer storage tanks 
 Controls 
 Water treatment 
 40,000 gallon fuel oil tank 
 Electric service and distribution 
 Site improvements (roads, parking, storm water management, lighting) 
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 Natural gas supply pipe 
 Plant utilities (water, sewer, data/communications, etc.) 
 Rock removal 

 
A conceptual floor plan of the boiler plant is shown later in Figure 6. 
 
Hot Water Distribution System 
 
There are several advantages to using hot water rather than steam.  Some of these 
advantages include the following: 
 

Advantages of Hot Water 
 

 More energy efficient because the hot water supply and return lines are not as 
hot as steam, resulting in less heat loss.  The hot water temperature can be 
reduced further in the summer when the heating load is primarily domestic hot 
water.  The circulation pumps will have variable frequency drives and the flow 
would also be adjusted as the heating load changes, reducing pumping energy. 

 The hot water is less damaging to pipes than steam and condensate, and is 
easier to treat. 

 Hot water pipe can be installed for less cost than steam and condensate, and the 
pipe should have longer life. 

 Steam and condensate equipment can be eliminated from the building 
mechanical rooms.  The majority of the buildings use hot water for heating, and 
only a handful use steam directly. 

 
The hot water distribution system will start from the pumps inside the new heating plant 
and circulate around the campus in two equally sized pipes.  Like the steam pipe 
replacement, the new pipe can be located in the same location as the existing steam 
pipes.  This would decrease the risk of hitting rock, which is expensive to remove.  Once 
again, this will force the work to be completed over a period of two summer seasons.  
However, the hot water pipe does not have to be buried as deep because the lines do 
not have to be pitched as much as the steam lines.  As long as the pipe can be drained 
for repairs, the pipe can be installed just below the freeze line.  This decreases the 
impact of possible rock excavation should the pipe be installed in locations other than 
the existing steam pipe. The pipe installation therefore does not have to be installed only 
in the summer months. 
 
A conceptual plan showing recommended pipe routing is shown in Figure 7.  A main 
trunk circling the core of the campus is shown.  The advantage of having this “ring” or 
“loop” is so sections of pipe can be taken out of service without shutting down the entire 
system.  It also improves pipe flow because water can flow from two different directions.  
Radial lines will then connect other sections of the campus to the loop. 
 
The new pipe should be installed starting on the northern portion of the campus with the 
new heating plant, and ending at the southern end of campus.  The work in the Historic 
section of campus, which uses steam only, can be phased for a later time when the 
building HVAC renovations are scheduled.  It is possible the gas-fired steam Boiler #5 in 
the existing plant can continue to supply steam to these buildings through the steam line 
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in the tunnel.  When the conversion is complete, the boiler and steam line supporting the 
last of the steam users can then be retired.  
 
The hot water temperature can fluctuate depending on load and outdoor temperature.  In 
the winter, the hot water supplied to the campus can rise to 190°F when full load heat is 
required inside the buildings.  The expected setpoint for building water is 180°F.  In the 
summer, the temperature can decrease to a lower temperature sufficient to heat 
domestic hot water.  The lower temperature will decrease the heat loss from the pipe to 
the ground. The circulating pumps will also have variable frequency drives which can 
lower the hot water flow to match the heat delivered on campus.  The variable pumping 
will further decrease energy use. Figure 8 illustrates a single-line diagram for a primary-
secondary piping connection to each building.  This piping arrangement will allow 
temperature reset to the loop. Figure 9 shows the typical building setup. 
 
We recommend the underground pipe be 
Schedule 40, pre-insulated pipe with an 
HDPE jacket.  This is a similar piping 
system as recommended for the central 
chilled water system, but with thicker 
insulation.  The hot water pipe will be larger 
diameter than steam and condensate pipe, 
but the pipe requirements allow less 
expensive piping because this pipe will not 
be subject to the same extreme conditions 
as steam/ condensate pipe and insulation. 
 
 
 
Pipe expansion with a hot water distribution system is less than for a steam distribution 
system.  Bellows style expansion joints can be used within the manholes and buildings, 
which eliminates expansion loops in the piping and decreases construction cost and 
losses.  Elbows for hot water pre-insulated piping are insulated with materials that allow 
some growth. 
 
There will be additional pumping energy associated with a hot water system.  With a 
VFD, the pumps will be operating most of the time at partial load.  We estimate the 
combined primary-secondary pump load will average 200 HP in the months of October 
through April, and 125 HP in the summer months.  
 
However, there are motor loads from the steam plant that will be eliminated.  The fan on 
the bag-house for the coal-fired boiler plant will be approximately 200 HP and will not be 
necessary for a gas-fired plant.  With a hot water plant there is also no need for a 
deareator which needs steam and electric to heat and transfer feedwater, no boiler 
blowdown, and no motor or steam loads for coal conveyors, soot blowers, and ash 
handling equipment. 
 
Option 2 – Cost Total 
 
Our opinion of probable cost for Option 2 is $19.7 million and is shown in Attachment 1.  
The cost is estimated to be $8.3 million for the heating plant and $11.4 million for the hot 
water distribution pipe.  Other items included within this estimate are the following: 

Recommended Hot Water Piping
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 Pipe connections and pipe changes to replace the steam heat exchangers within 

each building, excluding new buildings not yet constructed. A number of the 
buildings in the Historic section of the campus are older, steam heated buildings 
that are scheduled for renovation in coming years.  The cost estimate includes a 
$600,000 allowance for some modifications in the associated mechanical rooms 
for these steam only buildings, but not a total HVAC renovation in the building.  

 $1.1 million allowance has been included to modify heating equipment within the 
buildings.  

 The system will have extensive controls that will allow the plant to operate 
without a full-time attendant.  Remote monitoring and control will be available. 

 Approximately $600,000 has been budgeted for shoring and rock removal. 
 15% Contingency 
 10% Professional fees 

 
With this new equipment in place for the hot water distribution system, it will not be 
necessary to shut the heating plant down in the summer.  The distribution temperature 
will be lower in the summer so that the losses should be minimal.  Therefore, the 
summer heating equipment is no longer needed. It can remain in place as a back-up or 
temporary heating source.  The cost savings of not having to replace this equipment 
which is more than 20 years old is not included in this estimate. 
 
Option 3 – Renovate Coal-Fired Heating Plant/Hot Water Distribution 
 
Because much of the capital cost associated with the coal plant option is associated with 
replacing the aging steam distribution system with a new steam distribution system,   
Option 3 has been evaluated.  With this option, the steam plant is renovated as 
described earlier, and a hot water distribution system is installed as described in the 
natural gas hot water boiler option.  A steam-to-hot water conversion station must be 
installed, which includes heat exchangers, pumps, expansion tanks, controls, 
condensate return, etc.  Generally this pumping and heat exchanger facility will be 
similar to the natural gas boiler plant, except the boilers are replaced with heat 
exchangers, and there will be no fuel oil storage for back-up. 

 
The hot water conversion station can be constructed adjacent to the existing boiler plant.  
At a minimum, we estimate the additional “hot water” space will require 3000 square feet 
of additional plant space.  Other than the variation in layout and structure, all the other 
modifications at the existing plant and with the hot water system will still be required. 
 

Cost Estimate for Option 3 
Renovate existing coal-fired steam plant  (as described in first option) $11.7 million 
Hot Water distribution (as described in gas hot water option) $11.4 million 
Add for pump/exchanger building and equipment (including expansion) $  5.6 million 
Estimate for steam/condensate pipe to pump/exchanger building $  0.2 million 
Total  $28.9 million 



Entech Engineering, Inc. Page 28  



Entech Engineering, Inc. Page 29  

 



Entech Engineering, Inc. Page 30  

 



Entech Engineering, Inc. Page 31  

 



Entech Engineering, Inc. Page 32  

 



Entech Engineering, Inc. Page 33  

 



Entech Engineering, Inc. Page 34  

4.2 Manpower Requirements 
The operating staff of the coal fired heating plant is comprised of 10 people:  a foreman, 
a plant mechanic, and eight operators.  In 2010, the wages and benefits averaged 
approximately $63,000/year for a total annual cost of $630,000.  Presently, the steam 
plant is shut down in the summer, from graduation (usually the first week in May) until 
mid-September, approximately a four month period.  With the summer shutdown of the 
plant, 4 individuals are retained in the steam plant to perform summer maintenance 
work.  In order to retain qualified steam plant staff members, it has been the University’s 
practice not to lay off or provide for shorter employment contract periods for the 
remaining 6 individuals.  These 6 individuals help with other tasks on campus during 
these summer periods.  As part of this study, there has been some discussion regarding 
whether these summer labor costs should be assigned to the steam plant or not.  While 
the work is not being accomplished in the steam plant, the positions remain 12 month 
positions to benefit the steam plant.  If the individuals were not retained 12 months of the 
year, there would be a continuous need to recruit, hire and train new staff.  There is also 
concern that continual staff transition could increase the risk of accidents.  Additionally, 
while the summer efforts of the reassigned steam plant employees are valued, those 
labor costs are not being assigned to the sections they are working for.  These costs 
would not be since funding limitations and priority of need deem otherwise.  Thus it is 
appropriate that the full 12 months of labor costs for all the steam plant staffing be 
assigned to the steam plant. 
 
If the gas-fired hot water plant is installed, it becomes much easier to operate and 
maintain the heating plant.  Ashes do not need to be pulled, coal does not need to be 
loaded, the boilers will be fully automatic, and there is less equipment that needs to be 
maintained.  With proper controls, this plant should be able to operate with two 
operators.  At night, campus personnel should be “on-call” if the control system sends a 
trouble alarm for a problem that needs immediate attention.  Our discussions with other 
campus facilities have confirmed they successfully operate their plant with a minimal 
crew.  Using this assumption, the cost for two operators for the total year, including the 
summer months, is $126,000/year. In the event the University may want to retain more 
operators, we have provided a sensitivity analysis showing the impact of adding 
additional positions. 

 
In either scenario, the heating and cooling plant operator manpower should be combined 
to support both plants. 

4.3 Distribution Losses 
After reviewing heating plant records and discussing the system operation with plant 
operators, we estimate the average heat loss from the steam distribution system is 
approximately 6,000 PPH, which is 30,000 mmBtu/year.  On days with no space heating 
requirements and few students on campus, the boilers must still generate this much 
steam to make up for the losses.  These losses are created from the heat transfer from 
the underground pipe to the ground, steam and condensate losses, and steam pipes 
overheating mechanical rooms and the heating plant.  The boilers are radiating heat, 
and the deareator uses steam to treat the feed water to the boilers. 
 
After the steam pipe is replaced, leaks should decrease.  We estimate the distribution 
losses will decrease to 2,500 PPH, which is 12,500 mmBtu/year. 
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If a hot water system is installed, the temperature of the pipe decreases, so the heat loss 
from the pipe decreases.  Also, without the need for steam heat exchangers and 
condensate pumps in the mechanical rooms, losses decrease.  There is also no 
deareator, which can consume 5-8% of the steam load, depending on the condensate 
return and feed water make-up requirements.  We estimate distribution losses will 
decrease to 1,000 PPH of steam equivalent, or 5,000 mmBtu/year, with a hot water 
distribution system. 

4.4 Fuel Prices 
The price for fuel is one of the significant factors affecting the operating cost for the 
heating plant operations.  For many years since the first energy crisis in the 1970’s and 
early 1980’s, energy prices remained fairly steady or declined.  A few years ago, there 
were been large increases for oil, natural gas, and coal as the economy was 
experiencing significant growth.  The global economy also impacts energy prices and 
countries such as China purchase natural resources for their growing economy.  In 
general, energy costs move together. At Shippensburg University, over the long term, 
coal and natural gas prices have moved in the same direction over time.  Presently, 
energy prices have been decreasing in recent years, primarily because of the slower 
economic conditions. 
 
We will assume a Natural gas price of $8.25/mcf and a coal price of $132.19/ton.  On the 
following pages are excerpts from PSFEI’s Utility Usage Report for 2009-2010.  It shows 
Shippensburg University’s energy usage and cost lowest since 2006.  It shows the 
Campus cost for natural gas to average $8.25/mcf for 2009-2010, and coal with an 
average cost of $132.19/ton. 
 
On the next page are graphs prepared by PSFEI showing a five year trend for coal and 
natural gas.  These graphs show that over time, natural gas and coal track similarly.  In 
the past five years, coal prices have decreased by 23% and natural gas by 30%.   
 
It is impossible to predict energy prices very far into the future.  However, the significant 
gas exploration in the Marcellus Shale should help buffer volatility in natural gas prices.  
For this evaluation, we will use the 2009-2010 gas and coal prices.   
 
Energy prices will continue to go up and down, but in general we expect gas and coal 
pricing will trend together. 
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The data above and on the following page was extracted from PSFEI’s Utility Usage Report for 
2009-2010. 
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4.5 Annual Operating Cost Summary 
Using all the assumptions discussed earlier in this report, we have prepared an estimate 
of the annual operating cost for the boiler plant options.  Each option assumes the 
campus requires 100,000 mmBtus of heat for the year.   
 
The first scenario, Option 1, is to refurbish the existing boiler plant, including converting 
Boiler #4 to natural gas so that banking coal boilers and operating boilers inefficiently for 
standby purposes is no longer required. The campus steam and condensate lines will be 
replaced, except for the section of pipe recently installed near the heating plant, and the 
steam line located within the tunnel. 
 
In Option 2, a new gas-fired hot water plant is proposed.  This plant will be automatically 
controlled and monitored.  The steam distribution system will be replaced with a hot 
water distribution system. 
 
In Option 3, the boiler plant will be refurbished as in Option 1, but a hot water distribution 
system will be installed as described in Option 2.  A new pumping facility with steam to 
hot water heat exchangers will also have to be constructed. 

 

Option 1 
Renovate Coal 

Plant 

Option 2     
New Gas Hot 
Water Plant 

Option 3    
Coal Plant 
Hot Water 

Distribution 
 

Campus Heating Load (mmBtu/yr) 100,000 100,000 100,000 
Distribution Losses (mmBtu/yr) 12,500 5,000 5,000 
Total Heat Used (mmBtu/yr) 112,500 105,000 105,000 

 

Fuel Mix (Coal/Gas) 75% / 25% 0% / 100% 75% / 25% 
 

Avg Coal Boiler Efficiency 69.4% ---- 69.4% 
Avg Gas Boiler Efficiency 81% 81% 81% 
Coal Used (tons/yr) 5,360 0 5,360 
Natural Gas Used (mcf/yr) 37,456 134,843 37,456 

 
Annual Coal Cost @ $132.19/ton ($/yr) $708,538 $0  $708,538 
Annual Gas Cost @ $8.25/mcf ($/yr) $309,012 $1,112,455 $309,012 
Total Fuel Cost ($/yr) $1,017,550 $1,112,455 $1,017,550 

 

Personnel  

Number (FTE) 10 2 10 
Cost ($/yr) $630,000  $126,000  $630,000 

 

Other Maintenance ($/yr) $150,000  $75,000  $150,000 
 

Total Annual Operating Cost $1,797,550 $1,313,455 $1,797,550 
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Based on this cost summary, the total annual operating cost for the options is fairly 
close.  However, coal is more expensive when O&M costs are included with the fuel 
cost: 
 

 
Annual Operating Cost Comparison 

Option 1 Renovate existing coal plant  $1.8 million/year 
Option 2 New gas-fired hot water plant $1.3 million/year 
Option 3 Coal plant with hot water distribution $1.8 million/year 
 

 
Probably the most significant factors that affect the operating cost are the price for 
natural gas compared to coal, and the number of operators.  In order to better 
understand the effect of these factors, a sensitivity analysis has been developed 
showing the impact of gas pricing.  For example, assuming a gas cost of $8.25/mcf, the 
annual operating cost for the gas plant is $500,000 less than the coal plant.  If all other 
assumptions stay the same, natural gas pricing would have to increase to $13.00/mcf 
before coal would become competitively priced. 
 

Sensitivity Analysis 
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The following graph is a sensitivity analysis showing how the number of operators 
affects the total operating cost of each option.  The annual operating cost for the coal 
plant assumed 10 full-time equivalent operators.  The gas plant option assumed 2 full-
time equivalent operators.  The change in the number of plant operators will impact the 
difference in operating cost by approximately $60,000/year per operator. 
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Sensitivity Analysis 
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4.6 Carbon Reduction 
The Kyoto Protocol of The United Nations Framework Convention on Climate Change is 
the foundation of most regulatory initiatives to control climate change.  Ratified by 186 
countries (September 2008), the Protocol is a legally binding treaty committing 
industrialized countries to reduce their collective greenhouse gas emissions to 5.4% 
below 1990 levels by 2012.  
 
Australia and the United States were the only industrialized countries that chose not to 
ratify the Kyoto Protocol. In December 2007, following a change of government, 
Australia reversed its original decision and ratified the Kyoto Protocol. Despite remaining 
outside the Kyoto system, many states and regions in the USA have started to design 
cap and trade regimes, which will come into force over the coming 3-5 years.  
 
The northeast region of the United States was the first mandatory carbon protocols 
introduced and signed by the founding states in April 2003, beginning January 1, 2009. 
The protocol covers CO2 emissions only from the power generation sector in the states 
of Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New York, 
New Jersey and Vermont. The 1st compliance period (2009-2014) sets a cap at 4% 
above the emissions for the period 2000-2002 with the cap then decreasing by 2.5% per 
year thereafter. 
 
Although Pennsylvania is not officially involved in mandatory carbon protocols, many 
independent colleges and universities are part of the American College & University 
Presidents Climate Commitment in the state.  
 
The institutions that are part of the program are subject to the following timelines and 
milestones. 
 
1. Initiate the development of a comprehensive plan to achieve climate neutrality as 

soon as possible. 
2. Within two months of document signing, create institutional structures to guide the 

development and implementation of the plan.  
3. Within one year of document signing, complete a comprehensive inventory of all 

greenhouse gas emissions (including emissions from electricity, heating, commuting, 
and air travel) and update the inventory every other year thereafter.  

4. Within two years of signing this document, develop an institutional action plan for 
becoming climate neutral over a specified time period.  

 
There are 14 Universities and more than 110,000 students in the Pennsylvania State 
System of Higher Education (PASSHE), the largest higher education provider in 
Pennsylvania. PASSHE’s mission is to increase the intellectual wealth of the 
Commonwealth; to prepare students at all levels for personal and professional success 
in their lives; and to contribute to the economic, social, and cultural development of 
Pennsylvania’s communities, the Commonwealth, and the nation. 
 
A portion of PASSHE‘s mission is to continually look for ways to improve operations and 
align its practices more closely with the latest sustainable concepts and technologies. 
Each University is committed to evaluating green opportunities and implementing them 
where the application makes sense.  
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The Green Report submitted annually to the Governor’s Green Government Council 
depicts the framework of the reporting structure each University uses to showcase their 
green initiatives. Where a common or system-wide initiative has been implemented, a 
summary description and/or results may be included with items specific or unique to 
each University.   
 
The Energy Management/Reduction section of the report describes green initiatives 
throughout PASSHE that involve efforts to manage energy consumption.  The section 
includes the development and utilization of a University-specific Energy Master Plan, 
including the replacement of older equipment and technology with newer, more efficient 
equipment.  This would apply to the replacement of the central plant boilers, with new, 
more efficient boiler equipment with reduced carbon emissions.   
 
One of the highlights of this year’s Green Report is the new gas plant installed by 
Kutztown University of Pennsylvania.  Kutztown University has recently completed the 
construction of a new gas fired steam plant that replaced the coal-fired plant. The new 
plant has significantly reduced greenhouse gas emissions. The statistics below indicate 
the estimated emissions reductions per year. The Kutztown Plant will save 
approximately 10,360 tons of CO2 per year. 
 
Entech has performed a similar calculation of the carbon reduction amounts per year for 
the refurbished coal plant and new gas plant alternatives to the present coal plant at 
Shippensburg University.  The following table shows the results of this analysis. 

 

Plant Type Coal Gas  Total 
CO2 

Reduction Percent 
  (Tons of CO2) (Tons of CO2) (Tons of CO2) (Tons of CO2) Reduction

            
Present Coal 

Plant 
23,854 0.00 23,854 0 0.00% 

      

Refurbished 
Coal Plant 

14,360 2,115 16,476 7,378 30.93% 

      

New Gas Plant 0.00 7,512 7,512 16,342 68.51% 

 
Based on the Entech study, both the refurbished coal plant, including a blended usage of 
gas and coal (25%, 75%) and the new gas plant reduce the annual amounts of coal 
emissions to the atmosphere.  The refurbished coal plant will reduce carbon emissions 
by 31% or 7,378 tons of CO2 per year.  The new gas plant will reduce carbon emissions 
by 69% or 16,342 tons of CO2 per year. 
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4.7 Option Summary 
A summary of the costs of constructing and operating the heating plant options is shown 
below.  The advantages and disadvantages are also reviewed. 
 

Heating Plant Option Summary 
Option Construction Cost Operating Cost ($/yr) 

1 – Renovate Coal Plant/Steam Distribution $ 31.3 million $1.8 million 
2 – Gas Hot Water Plant/Hot Water Dist. $ 19.7 million $1.3 million 
3 – Renovate Coal Plant/Hot Water Dist. $ 28.9 million $1.8 million 

 
Option 1 
 
Benefits from renovating existing coal plant 

 Uses coal as encouraged by PA law. 
 The existing plant is re-used. 
 Steam lines are replaced on campus 
 Plant efficiency increases by changing Boiler #4 to gas and using it for standby 

rather than banking the coal boilers. 
 

Disadvantages associated with renovating existing coal plant 
 Greater manpower requirements. 
 It is becoming more difficult to find replacement equipment for anthracite boilers 

and associated equipment in this relatively smaller size (when compared to utility 
boilers). 

 Environmental regulation is projected to become more stringent, especially for 
coal-fired equipment. 
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 The coal plant remains in front of Old Main, the President’s House, and rest of 

the Historic Section of campus.  It also remains sited right on the Rails-to-Trails 
line. 

 The University continues to be a significant carbon emitter.   
 

Option 2 
 

Benefits associated with constructing a new gas-fired hot water plant 
 The University has a new, modern plant rather than a refurbished, older plant. 
 Lower construction cost to install. 
 More efficient boilers. 
 The heating plant can run all year without the need for summer shutdown. 
 Lower operating and maintenance cost.  
 With a fully automated hot water plant, the plant can be run with fewer operators. 
 The plant can be located adjacent to the proposed chilled water plant.  Operators 

and facilities can then be better combined. 
 The fuel oil backup would also provide an opportunity to consider bio-fuel. 
 Lowers green house gas emissions. 
 Hot water distribution gives better control and lowers energy use.   
 Steam converters, condensate pumps, etc. can be eliminated in the buildings. 
 With hot water distribution and locating on a larger site, it will be easier to add in 

the future new technologies such as cogeneration and bio-mass boilers.  
 It will be easier and quicker to install a new distribution system rather than 

replacing the existing steam lines. 
 Moves the plant away from the local neighborhood, the Historic section of 

campus, and the campus entrance. 
 

Disadvantages associated with new gas hot water heating plant 
 More expensive fuel when compared to coal. 
 The coal interests in Pennsylvania are resisting any plant conversions that switch 

from coal. 
 A phasing plan must be developed for campus buildings that must be converted 

from steam to hot water heat. 
 Both the existing and new heating plants would likely operate for a period of time 

until the building hot water conversion is completed. 
 

Option 3 
 

Benefits and disadvantages with renovating the coal plant and installing a hot water 
distribution system are outlined above, with the added considerations. 
 

 The added building and equipment will be located at the campus entrance, 
further impacting this high profile location. 

 Parking will also decrease. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 
In this heating plant feasibility study, three different approaches were investigated.  The 
first option renews the existing coal-fire heating plant and the steam distribution piping 
system.  The second option analyzes for the University to take a different approach by 
constructing a new natural gas fire hot water heating plant adjacent to the new central 
chilled water plant.  The steam distribution system would be replaced with a variable flow 
hot water distribution network. 
 
Both options have their advantages, and consequently a third option was evaluated to 
determine if there are advantages to mix the components of both options.  The third 
option retains the existing coal-fire heating plant, but replaces the steam/condensate 
distribution with hot water distribution.   
 
A summary of the options evaluated are show in the table below: 
 

OPTION SUMMARY 
 

 Option 1 Option 2 Option 3 

Fuel Type Coal/Gas 
Natural Gas/ 

Oil 
Coal/Gas 

Distribution System Steam Hot Water Hot Water 

Plant Location Existing Plant 
Chilled Water 

Plant 
Existing Plant 

Construction Cost  
($ million) 

$31.3 million $19.7 million $28.9 million 

Estimated Operating 
Cost ($/yr.) 

$1.8 million $1.3 million $1.8 million 

Greenhouse Gas 
Emissions (MTCO2) 

16,476 7,512 16,476 
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The construction cost to repair and update the existing coal-fired plant is approximately 
$11.7 million, and the cost to construct a new gas-fired hot water plant is $8.3 million.  
There is significant savings in installing a hot water distribution system rather than 
constructing a new steam/condensate system ($11.3 million versus $19.6 million).  
Logically it can be concluded that this cost savings for a hot water distribution system 
can be realized in Option 3 where the coal plant is retained, but a hot water distribution 
system is installed.  However, there is additional piping cost to connect to the existing 
heating plant.  There also remains the investment for heat exchangers, pumps, water 
treatment, etc and the building to house the equipment.  In the end, Option 3 does not 
provide any meaningful reduction in construction cost when compared to the coal/steam 
option.  
 
While coal can be a viable energy source for institutions, we believe the University is in 
an excellent position to install a new gas fired hot water plant.  The heating plant and the 
steam distribution system can be addressed at the same time, creating a much more 
cost effective solution.  The new plant can also be coordinated with a new central chilled 
water plant.  The result will be a more energy efficient, more environmentally friendly, 
less manpower intensive solution.  The risks of increasing environmental regulation and 
possible carbon tax will be significantly decreased, and an industrial type facility is 
moved away from the “front door” of the campus. 
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DATE PREPARED

CONSTRUCTION COST ESTIMATE 03/09/11 SHEET        1           OF         1

PROJECT BASIS FOR ESTIMATE

Shippensburg Boiler Plant Study - Project 2184.32             [     ]  CODE A (NO DESIGN COMPLETED)

LOCATION     [     ]  CODE B (PRELIMINARY DESIGN)

Shippensburg Univeristy             [  X  ]  CODE C (FINAL DESIGN)

ARCHITECT ENGINEER     [    ]  OTHER (SPECIFY)_________________

Entech Engineering, Inc. H:\2184.32\Report\2-11-11 NEW Shipp Campus Heating Sys Feas Study\Spreadsheets\[coal plant-est PSU input.xlsx]coal plant upgrade

Project Estimated: ESTIMATOR CHECKED BY

Renovate Existing Coal Plant JED JCE
QUANTITY MATERIAL LABOR TOTAL

All contracts NO. UNIT PER TOTAL PER TOTAL COST
UNITS MEAS. UNIT UNIT

MOBILIZATION (all contracts plus trailers, etc.) 1 LS $30,000 $30,000 $40,000 $40,000 $70,000

retrofit Boiler #4 w/NG burner
add burner and associated sheet metal 1 EA $200,000 $200,000 $100,000 $100,000 $300,000
septum and cone

inspect/rework/repair boilers:
inspect boilers 4 EA $2,000 $8,000 $3,000 $12,000 $20,000
general rework/repair/upgrades allowance 4 EA $20,000 $80,000 $30,000 $120,000 $200,000

rework elevator, conveyor, bin, bunkers:
coal  bunkers rework (metal work) 4 EA $30,000 $120,000 $30,000 $120,000 $240,000
conveyor replacement/rework 1 LS $70,000 $70,000 $50,000 $50,000 $120,000
elevator replacement/rework allowance 1 LS $50,000 $50,000 $50,000 $50,000 $100,000
replace coal load bin  (property line issue) 1 LS $50,000 $50,000 $50,000 $50,000 $100,000
coal storage structure and cover 1 LS $75,000 $75,000 $50,000 $50,000 $125,000

replace/rework DA, pumps, and piping:
100000 lb/hr DA and pumps (new) 1 LS $140,000 $140,000 $70,000 $70,000 $210,000
misc. piping and valves 1 LS $20,000 $20,000 $30,000 $30,000 $50,000
remove wall/roof to install DA 1 LS $20,000 $20,000 $30,000 $30,000 $50,000

rework/replace Ash handling system:
ash handling system upgrade 1 LS $500,000 $500,000 $300,000 $300,000 $800,000

add pollution control systems:
rework breaching to new equipment 1 LS $100,000 $150,000 $150,000 $150,000 $300,000
cyclone, dust coll., ex-fan, stack 1 LS $2,000,000 $2,000,000 $1,500,000 $1,500,000 $3,500,000

replace plant piping and valves:
replace piping 1 LS $70,000 $70,000 $30,000 $30,000 $100,000
replace plant piping and valves: 1 LS $70,000 $70,000 $30,000 $30,000 $100,000

Misc scope items:
upgrades to control system - allowance 1 LS $150,000 $150,000 $150,000 $150,000 $300,000
new emergency gnerator - 750 kW 1 LS $180,000 $180,000 $50,000 $50,000 $230,000
new electrical service & related upgrades 1 LS $600,000 $600,000 $300,000 $300,000 $900,000
new windows  and misc building changes 1 LS $100,000 $100,000 $100,000 $100,000 $200,000
painting of steel, floors, walls, trim, etc. 1 LS $50,000 $50,000 $75,000 $75,000 $125,000
site rework for storm, sewer, water, roads 1 LS $200,000 $200,000 $200,000 $200,000 $400,000
      (including new force main setup)
SUBTOTAL $4,933,000 $3,607,000 $8,540,000

CONTINGENCY             25% $1,233,250 $901,750 $2,135,000

Sub-sub Total $6,166,250 $4,508,750 $10,675,000

Arch/Eng fees (10%) $1,067,500

TOTAL THIS SHEET $11,742,500



DATE PREPARED

CONSTRUCTION COST ESTIMATE 03/09/11 SHEET        1          

PROJECT BASIS FOR ESTIMATE

Shippensburg Boiler Plant Study - Project 2184.32             [     ]  CODE A (NO DESIGN COMPLETED)

LOCATION     [     ]  CODE B (PRELIMINARY DESIGN)

Shippensburg Univeristy             [  X  ]  CODE C (FINAL DESIGN)

ARCHITECT ENGINEER     [    ]  OTHER (SPECIFY)_________________

Entech engineering, Inc. H:\2184.32\Report\2-11-11 NEW Shipp Campus Heating Sys Feas Study\Spreadsheets\[est-pipe-jed-2010final.xlsx]steam-old

Project Estimated: ESTIMATOR CHECKED BY

Replace Old Steam Distribution JED JCE

QUANTITY MATERIAL LABOR TOTAL

MECHANICAL CONTRACT NO. UNIT PER TOTAL PER TOTAL COST

UNITS MEAS. UNIT UNIT

MOBILIZATION 1 LOT $30,000 $30,000 $50,000 $50,000 $80,000
steam UG piping (w/loops)
10" steam (existing MJ section to remain) 2500 LF $320 $800,000 $120 $300,000 $1,100,000
8" steam (existing tunnel piping to remain) 5000 LF $300 $1,500,000 $100 $500,000 $2,000,000
6" steam 3500 LF $260 $910,000 $85 $297,500 $1,207,500
5" steam 300 LF $240 $72,000 $70 $21,000 $93,000
4" steam 1500 LF $200 $300,000 $65 $97,500 $397,500
3" steam 600 LF $160 $96,000 $60 $36,000 $132,000
2 1/2" steam 300 LF $130 $39,000 $55 $16,500 $55,500
2" steam 300 LF $110 $33,000 $50 $15,000 $48,000
steam UG fittings (w/loops) 14000
10" steam 62 EA $2,800 $173,600 $1,000 $62,000 $235,600
8" steam 60 EA $2,200 $132,000 $900 $54,000 $186,000
6" steam 60 EA $1,600 $96,000 $750 $45,000 $141,000
5" steam 10 EA $1,550 $15,500 $650 $6,500 $22,000
4" steam 40 EA $1,450 $58,000 $550 $22,000 $80,000
3" steam 10 EA $1,300 $13,000 $500 $5,000 $18,000
2 1/2" steam 10 EA $1,200 $12,000 $350 $3,500 $15,500
2" steam 6 EA $1,150 $6,900 $300 $1,800 $8,700
high pressure condensate UG piping
3" HPC 200 LF $160 $32,000 $60 $12,000 $44,000
2" HPC 1800 LF $110 $198,000 $50 $90,000 $288,000
1 1/2" HPC 500 LF $100 $50,000 $45 $22,500 $72,500
1" HPC 100 LF $90 $9,000 $45 $4,500 $13,500
pumped condensate  UG piping 2600
6" PCR 200 LF $260 $52,000 $75 $15,000 $67,000
5" PCR (existing tunnel piping to remain) 2600 LF $240 $624,000 $70 $182,000 $806,000
4" PCR 2200 LF $200 $440,000 $65 $143,000 $583,000
3" PCR 6000 EA $160 $960,000 $60 $360,000 $1,320,000
2 1/2" PCR 100 EA $110 $11,000 $50 $5,000 $16,000
2" PCR 1000 EA $100 $100,000 $45 $45,000 $145,000
1 1/2" PCR 100 EA $90 $9,000 $45 $4,500 $13,500
condensate UG fittingspiping 12200
6" 30 EA $1,600 $48,000 $750 $22,500 $70,500
5" 44 EA $1,550 $68,200 $650 $28,600 $96,800
4" 44 EA $1,450 $63,800 $550 $24,200 $88,000
3" 30 EA $1,300 $39,000 $500 $15,000 $54,000
2 1/2" 60 EA $1,200 $72,000 $350 $21,000 $93,000
2" 30 EA $1,150 $34,500 $300 $9,000 $43,500
1 1/2" 20 EA $1,000 $20,000 $275 $5,500 $25,500
1" 10 EA $850 $8,500 $250 $2,500 $11,000
Steam & condensate valves (guestimate)
10" 30 EA $1,150 $34,500 $300 $9,000 $43,500
8" 20 EA $1,000 $20,000 $275 $5,500 $25,500
6" 10 EA $850 $8,500 $250 $2,500 $11,000
5" 8 EA $400 $3,200 $250 $2,000 $5,200
4" 6 EA $400 $2,400 $250 $1,500 $3,900
3" 13 EA $500 $6,500 $300 $3,900 $10,400
2 1/2" 8 EA $500 $4,000 $300 $2,400 $6,400
2" 7 EA $750 $5,250 $400 $2,800 $8,050
1 1/2" 10 EA $1,500 $15,000 $700 $7,000 $22,000
1" 1 EA $2,000 $2,000 $750 $750 $2,750

Manhole Mods/Replacement (ave. cost) 19 EA $5,000 $95,000 $2,000 $38,000 $133,000
Manhole Piping 19 Ea $15,000 $285,000 $10,000 $190,000 $475,000
Anchors 25 EA $3,000 $75,000 $1,500 $37,500 $112,500
Building Hookup 60 EA $7,000 $420,000 $4,000 $240,000 $660,000
Damage/interference 1 LS $30,000 $30,000 $20,000 $20,000 $50,000
Shoring 14000 LF $5 $70,000 $6 $84,000 $154,000
Rock Removal 5000 CY $7 $35,000 $180 $900,000 $935,000
Trenching/Backfill/restoration 14000 LF $100 $1,400,000 $125 $1,750,000 $3,150,000

SUBTOTAL $9,637,350 $5,841,950 $15,479,300

CONTINGENCY             15% $1,445,603 $876,293 $2,321,895

sub-sub total $11,082,953 $6,718,243 $17,801,195

Arch/Eng Fees 10% $1,108,295 $671,824 $1,780,120

TOTAL THIS SHEET $12,191,248 $7,390,067 $19,581,315
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DATE PREPARED

CONSTRUCTION COST ESTIMATE 03/09/11 SHEET        1           OF         1

PROJECT BASIS FOR ESTIMATE

Shippensburg Boiler Plant Study - Project 2184.32             [     ]  CODE A (NO DESIGN COMPLETED)

LOCATION     [     ]  CODE B (PRELIMINARY DESIGN)

Shippensburg Univeristy             [  X  ]  CODE C (FINAL DESIGN)

ARCHITECT ENGINEER     [    ]  OTHER (SPECIFY)_________________

Entech Engineerig, Inc. H:\2184.32\Report\2-11-11 NEW Shipp Campus Heating Sys Feas Study\Spreadsheets\[heating plant-jed-est.xlsx]HW plant

Project Estimated: ESTIMATOR CHECKED BY

HW Plant(addition to CHW plant) JED JCE
QUANTITY MATERIAL LABOR TOTAL

All contracts NO. UNIT PER TOTAL PER TOTAL COST
UNITS MEAS. UNIT UNIT

MOBILIZATION (all contracts plus trailers, etc. 1 LS $30,000 $30,000 $50,000 $50,000 $80,000

boiler plant building:
site prep 1 LS $30,000 $30,000 $70,000 $70,000 $100,000
building construction (high bay) 8000 FT2 $100 $800,000 $60 $480,000 $1,280,000

boiler plant equipment:
1000 HP firetube boiler(ASME Section 4) 3 EA $300,000 $900,000 $60,000 $180,000 $1,080,000
storage tanks (ASME 8000 gallons each) 4 EA $40,000 $160,000 $15,000 $60,000 $220,000
dirt/air separator 2 EA $25,000 $50,000 $5,000 $10,000 $60,000
expansion tanks 6 EA $15,000 $90,000 $12,500 $75,000 $165,000
Boiler plant controls 1 LS $250,000 $250,000 $125,000 $125,000 $375,000
Boiler plant piping and valves 1 LS $200,000 $200,000 $125,000 $125,000 $325,000
Boiler pumps (constant speed - 60 HP) 3 EA $12,000 $36,000 $5,000 $15,000 $51,000
Campus pumps (VFD - 100 HP) 3 EA $18,000 $54,000 $7,000 $21,000 $75,000
Softners and Dealkilyzers 1 LS $100,000 $100,000 $50,000 $50,000 $150,000
chemical treatment tanks, controls & pumps 1 LS $25,000 $25,000 $15,000 $15,000 $40,000
40 K fuel oil storage and related equip. 1 LS $100,000 $100,000 $50,000 $50,000 $150,000

Misc. mech/plumb items:
plumbing 1 LS $60,000 $60,000 $60,000 $60,000 $120,000
HVAC 1 LS $80,000 $80,000 $40,000 $40,000 $120,000

Electrical equipment, lighting, data, etc.
electrical equipment(switches, trans, DG, PB) 1 LS $300,000 $300,000 $100,000 $100,000 $400,000
power conduit and cable 1 LS $75,000 $75,000 $50,000 $50,000 $125,000
lighting  (boiler high bay) 8000 FT2 $6 $48,000 $4 $32,000 $80,000
misc. wiring and conduit 8000 FT2 $4 $32,000 $4 $32,000 $64,000
site lighting and distribution 1 LS $50,000 $50,000 $25,000 $25,000 $75,000
site power and distribution to local manholes 1 LS $60,000 $60,000 $40,000 $40,000 $100,000

Site Development:
stormwater 1 LS $120,000 $120,000 $40,000 $40,000 $160,000
sewage 1 LS $50,000 $50,000 $30,000 $30,000 $80,000
communication 1 LS $40,000 $40,000 $40,000 $40,000 $80,000
water 1 LS $50,000 $50,000 $40,000 $40,000 $90,000
NG (from plant w/some gas co. help) 1 LS $200,000 $200,000 $100,000 $100,000 $300,000
permits, fees, studies, planning, etc. 1 LS $0 $0 $150,000 $150,000 $150,000
Damage/interference 1 LS $30,000 $30,000 $20,000 $20,000 $50,000
Shoring 1 LF $30,000 $30,000 $10,000 $10,000 $40,000
Rock Removal 1000 CY $30 $30,000 $200 $200,000 $230,000
Excavation/Backfill 1 LS $100,000 $100,000 $50,000 $50,000 $150,000

SUBTOTAL $4,180,000 $2,385,000 $6,565,000

CONTINGENCY             15% $627,000 $357,750 $984,750

Sub-sub Total $4,807,000 $2,742,750 $7,549,750

Arch/Eng fees (10%) $754,975

TOTAL THIS SHEET $8,304,725



DATE PREPARED
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PROJECT BASIS FOR ESTIMATE

Shippensburg Boiler Plant Study - Project 2184.32             [     ]  CODE A (NO DESIGN COMPLETED)

LOCATION    [     ]  CODE B (PRELIMINARY DESIGN)

Shippensburg Univeristy             [  X  ]  CODE C (FINAL DESIGN)

ARCHITECT ENGINEER    [    ]  OTHER (SPECIFY)_________________

Entech Engineering, Inc. H:\2184.32\Report\2-11-11 NEW Shipp Campus Heating Sys Feas Study\Spreadsheets\[est-pipe-jed-2010final.xlsx]hot water

Project Estimated: ESTIMATOR CHECKED BY

Hot Water Distribution JWB/JED JCE
QUANTITY MATERIAL LABOR TOTAL

MECHANICAL CONTRACT NO. UNIT PER TOTAL PER TOTAL COST
UNITS MEAS. UNIT UNIT

MOBILIZATION 1 LOT $50,000 $50,000 $70,000 $70,000 $120,000
Hot water UG piping (w/exp joints)
2" 800 LF $15 $12,000 $30 $24,000 $36,000
2.5" 380 LF $15 $5,700 $30 $11,400 $17,100
3" 2000 LF $18 $36,000 $35 $70,000 $106,000
4" 7200 LF $22 $158,400 $45 $324,000 $482,400
6" 4200 LF $30 $126,000 $55 $231,000 $357,000
8" 5020 LF $44 $220,880 $65 $326,300 $547,180
10" 2000 LF $60 $120,000 $75 $150,000 $270,000
14" 1500 LF $85 $127,500 $105 $157,500 $285,000

total length 23100

Hot water UG fittings 
2" 12 EA $265 $3,180 $250 $3,000 $6,180
2.5" 8 EA $300 $2,400 $280 $2,240 $4,640
3" 18 EA $328 $5,904 $300 $5,400 $11,304
4" 48 EA $331 $15,888 $350 $16,800 $32,688
6" 10 EA $497 $4,970 $400 $4,000 $8,970
8" 18 EA $973 $17,514 $450 $8,100 $25,614
10" 18 EA $1,200 $21,600 $500 $9,000 $30,600
14" 6 EA $1,850 $11,100 $650 $3,900 $15,000

Hot water valves
2" 6 EA $500 $3,000 $300 $1,800 $4,800
2.5" 4 EA $600 $2,400 $350 $1,400 $3,800
3" 18 EA $750 $13,500 $400 $7,200 $20,700
4" 36 EA $1,000 $36,000 $500 $18,000 $54,000
6" 20 EA $1,500 $30,000 $700 $14,000 $44,000
8" 20 EA $2,000 $40,000 $750 $15,000 $55,000
10" 4 EA $2,200 $8,800 $800 $3,200 $12,000
14" 2 EA $3,000 $6,000 $900 $1,800 $7,800
demo of existing piping/MH's as needed 1 LS $50,000 $50,000 $150,000 $150,000 $200,000
exp. comp(welded bellows in MH's/bld's) 1 LS $200,000 $200,000 $100,000 $100,000 $300,000
Trenching/Backfill/restoration 11550 LF $100 $1,155,000 $100 $1,155,000 $2,310,000
Manhole Installation 19 EA $10,000 $190,000 $5,000 $95,000 $285,000
Manhole Piping 19 EA $20,000 $380,000 $10,000 $190,000 $570,000
Anchors 25 EA $3,000 $75,000 $1,500 $37,500 $112,500
Building Hookup 60 EA $3,000 $180,000 $2,000 $120,000 $300,000
Damage/interference 1 LS $30,000 $30,000 $20,000 $20,000 $50,000
Shoring 11550 LF $3 $34,650 $4 $46,200 $80,850
Rock Removal 3000 CY $15 $45,000 $165 $495,000 $540,000

0.00
Buidling Modifiactions w/steam items:
buildings w/heat exchangers 50 EA $7,000 $350,000 $15,000 $750,000 $1,100,000
buidlings w/steam system issues 200000 FT2 $1 $200,000 $2 $400,000 $600,000
   (establsh "setup" for bldg conversion)

SUBTOTAL $3,968,386 $5,037,740 $9,006,126

CONTINGENCY             15% $595,258 $755,661 $1,350,919

sub-sub total $4,563,644 $5,793,401 $10,357,045

Arch/Eng Fees 10% $456,364 $579,340 $1,035,704

TOTAL THIS SHEET $5,020,008 $6,372,741 $11,392,749
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Shippensburg Boiler Plant Study - Project 2184.32             [     ]  CODE A (NO DESIGN COMPLETED)

LOCATION     [     ]  CODE B (PRELIMINARY DESIGN)

Shippensburg Univeristy             [  X  ]  CODE C (FINAL DESIGN)

ARCHITECT ENGINEER     [    ]  OTHER (SPECIFY)_________________

Entech Engineering, Inc. H:\2184.32\Report\2-11-11 NEW Shipp Campus Heating Sys Feas Study\Spreadsheets\[coal plant-est PSU input.xlsx]coal plant upgrade

Project Estimated: ESTIMATOR CHECKED BY

Renovate Existing Coal Plant JED JCE
QUANTITY MATERIAL LABOR TOTAL

All contracts NO. UNIT PER TOTAL PER TOTAL COST
UNITS MEAS. UNIT UNIT

MOBILIZATION (all contracts plus trailers, etc.) 1 LS $30,000 $30,000 $40,000 $40,000 $70,000

retrofit Boiler #4 w/NG burner
add burner and associated sheet metal 1 EA $200,000 $200,000 $100,000 $100,000 $300,000
septum and cone

inspect/rework/repair boilers:
inspect boilers 4 EA $2,000 $8,000 $3,000 $12,000 $20,000
general rework/repair/upgrades allowance 4 EA $20,000 $80,000 $30,000 $120,000 $200,000

rework elevator, conveyor, bin, bunkers:
coal  bunkers rework (metal work) 4 EA $30,000 $120,000 $30,000 $120,000 $240,000
conveyor replacement/rework 1 LS $70,000 $70,000 $50,000 $50,000 $120,000
elevator replacement/rework allowance 1 LS $50,000 $50,000 $50,000 $50,000 $100,000
replace coal load bin  (property line issue) 1 LS $50,000 $50,000 $50,000 $50,000 $100,000
coal storage structure and cover 1 LS $75,000 $75,000 $50,000 $50,000 $125,000

replace/rework DA, pumps, and piping:
100000 lb/hr DA and pumps (new) 1 LS $140,000 $140,000 $70,000 $70,000 $210,000
misc. piping and valves 1 LS $20,000 $20,000 $30,000 $30,000 $50,000
remove wall/roof to install DA 1 LS $20,000 $20,000 $30,000 $30,000 $50,000

rework/replace Ash handling system:
ash handling system upgrade 1 LS $500,000 $500,000 $300,000 $300,000 $800,000

add pollution control systems:
rework breaching to new equipment 1 LS $100,000 $150,000 $150,000 $150,000 $300,000
cyclone, dust coll., ex-fan, stack 1 LS $2,000,000 $2,000,000 $1,500,000 $1,500,000 $3,500,000

replace plant piping and valves:
replace piping 1 LS $70,000 $70,000 $30,000 $30,000 $100,000
replace plant piping and valves: 1 LS $70,000 $70,000 $30,000 $30,000 $100,000

Misc scope items:
upgrades to control system - allowance 1 LS $150,000 $150,000 $150,000 $150,000 $300,000
new emergency gnerator - 750 kW 1 LS $180,000 $180,000 $50,000 $50,000 $230,000
new electrical service & related upgrades 1 LS $600,000 $600,000 $300,000 $300,000 $900,000
new windows  and misc building changes 1 LS $100,000 $100,000 $100,000 $100,000 $200,000
painting of steel, floors, walls, trim, etc. 1 LS $50,000 $50,000 $75,000 $75,000 $125,000
site rework for storm, sewer, water, roads 1 LS $200,000 $200,000 $200,000 $200,000 $400,000
      (including new force main setup)
SUBTOTAL $4,933,000 $3,607,000 $8,540,000

CONTINGENCY             25% $1,233,250 $901,750 $2,135,000

Sub-sub Total $6,166,250 $4,508,750 $10,675,000

Arch/Eng fees (10%) $1,067,500

TOTAL THIS SHEET $11,742,500
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Shippensburg Boiler Plant Study - Project 2184.32             [     ]  CODE A (NO DESIGN COMPLETED)
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Shippensburg Univeristy             [  X  ]  CODE C (FINAL DESIGN)

ARCHITECT ENGINEER    [    ]  OTHER (SPECIFY)_________________

Entech Engineering, Inc. H:\2184.32\Report\2-11-11 NEW Shipp Campus Heating Sys Feas Study\Spreadsheets\[est-pipe-jed-2010final.xlsx]hot water

Project Estimated: ESTIMATOR CHECKED BY

Hot Water Distribution JWB/JED JCE
QUANTITY MATERIAL LABOR TOTAL

MECHANICAL CONTRACT NO. UNIT PER TOTAL PER TOTAL COST
UNITS MEAS. UNIT UNIT

MOBILIZATION 1 LOT $50,000 $50,000 $70,000 $70,000 $120,000
Hot water UG piping (w/exp joints)
2" 800 LF $15 $12,000 $30 $24,000 $36,000
2.5" 380 LF $15 $5,700 $30 $11,400 $17,100
3" 2000 LF $18 $36,000 $35 $70,000 $106,000
4" 7200 LF $22 $158,400 $45 $324,000 $482,400
6" 4200 LF $30 $126,000 $55 $231,000 $357,000
8" 5020 LF $44 $220,880 $65 $326,300 $547,180
10" 2000 LF $60 $120,000 $75 $150,000 $270,000
14" 1500 LF $85 $127,500 $105 $157,500 $285,000

total length 23100

Hot water UG fittings 
2" 12 EA $265 $3,180 $250 $3,000 $6,180
2.5" 8 EA $300 $2,400 $280 $2,240 $4,640
3" 18 EA $328 $5,904 $300 $5,400 $11,304
4" 48 EA $331 $15,888 $350 $16,800 $32,688
6" 10 EA $497 $4,970 $400 $4,000 $8,970
8" 18 EA $973 $17,514 $450 $8,100 $25,614
10" 18 EA $1,200 $21,600 $500 $9,000 $30,600
14" 6 EA $1,850 $11,100 $650 $3,900 $15,000

Hot water valves
2" 6 EA $500 $3,000 $300 $1,800 $4,800
2.5" 4 EA $600 $2,400 $350 $1,400 $3,800
3" 18 EA $750 $13,500 $400 $7,200 $20,700
4" 36 EA $1,000 $36,000 $500 $18,000 $54,000
6" 20 EA $1,500 $30,000 $700 $14,000 $44,000
8" 20 EA $2,000 $40,000 $750 $15,000 $55,000
10" 4 EA $2,200 $8,800 $800 $3,200 $12,000
14" 2 EA $3,000 $6,000 $900 $1,800 $7,800
demo of existing piping/MH's as needed 1 LS $50,000 $50,000 $150,000 $150,000 $200,000
exp. comp(welded bellows in MH's/bld's) 1 LS $200,000 $200,000 $100,000 $100,000 $300,000
Trenching/Backfill/restoration 11550 LF $100 $1,155,000 $100 $1,155,000 $2,310,000
Manhole Installation 19 EA $10,000 $190,000 $5,000 $95,000 $285,000
Manhole Piping 19 EA $20,000 $380,000 $10,000 $190,000 $570,000
Anchors 25 EA $3,000 $75,000 $1,500 $37,500 $112,500
Building Hookup 60 EA $3,000 $180,000 $2,000 $120,000 $300,000
Damage/interference 1 LS $30,000 $30,000 $20,000 $20,000 $50,000
Shoring 11550 LF $3 $34,650 $4 $46,200 $80,850
Rock Removal 3000 CY $15 $45,000 $165 $495,000 $540,000

0.00
Buidling Modifiactions w/steam items:
buildings w/heat exchangers 50 EA $7,000 $350,000 $15,000 $750,000 $1,100,000
buidlings w/steam system issues 200000 FT2 $1 $200,000 $2 $400,000 $600,000
   (establsh "setup" for bldg conversion)

SUBTOTAL $3,968,386 $5,037,740 $9,006,126

CONTINGENCY             15% $595,258 $755,661 $1,350,919

sub-sub total $4,563,644 $5,793,401 $10,357,045

Arch/Eng Fees 10% $456,364 $579,340 $1,035,704

TOTAL THIS SHEET $5,020,008 $6,372,741 $11,392,749
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Entech Engineerig, Inc. H:\2184.32\Report\2-11-11 NEW Shipp Campus Heating Sys Feas Study\Spreadsheets\[exist heat plant(hxchgrs)-jed-est.xlsx]HW plant

Project Estimated: ESTIMATOR CHECKED BY

Existing Plant(use HW HX'grs) JED JCE
QUANTITY MATERIAL LABOR TOTAL

All contracts NO. UNIT PER TOTAL PER TOTAL COST
UNITS MEAS. UNIT UNIT

MOBILIZATION (all contracts plus trailers, etc. 1 LS $30,000 $30,000 $50,000 $50,000 $80,000

boiler plant building:
site prep 1 LS $30,000 $30,000 $70,000 $70,000 $100,000
building construction (plant expansion) 3000 FT2 $100 $300,000 $60 $180,000 $480,000

boiler plant equipment:
30,000 MBH S&T heat exchanger 3 EA $80,000 $240,000 $30,000 $90,000 $330,000
storage tanks (ASME 8000 gallons each) 4 EA $40,000 $160,000 $15,000 $60,000 $220,000
dirt/air separator 2 EA $25,000 $50,000 $5,000 $10,000 $60,000
expansion tanks 6 EA $15,000 $90,000 $12,500 $75,000 $165,000
Boiler plant controls 1 LS $150,000 $150,000 $80,000 $80,000 $230,000
Boiler plant piping and valves 1 LS $150,000 $150,000 $100,000 $100,000 $250,000
HX Boiler pumps (constant speed - 60 HP) 3 EA $12,000 $36,000 $5,000 $15,000 $51,000
Campus pumps (VFD - 100 HP) 3 EA $18,000 $54,000 $7,000 $21,000 $75,000
Softners and Dealkilyzers 1 LS $100,000 $100,000 $50,000 $50,000 $150,000
chemical treatment tanks, controls & pumps 1 LS $25,000 $25,000 $15,000 $15,000 $40,000
40 K fuel oil storage and related equip. 0 LS $100,000 $0 $50,000 $0 $0

Misc. mech/plumb items:
plumbing 1 LS $60,000 $60,000 $60,000 $60,000 $120,000
HVAC 1 LS $80,000 $80,000 $40,000 $40,000 $120,000

Electrical equipment, lighting, data, etc.
electrical equipment(switches, trans, DG, PB) 1 LS $300,000 $300,000 $100,000 $100,000 $400,000
power conduit and cable 1 LS $75,000 $75,000 $50,000 $50,000 $125,000
lighting  (boiler high bay) 3000 FT2 $6 $18,000 $4 $12,000 $30,000
misc. wiring and conduit 3000 FT2 $4 $12,000 $4 $12,000 $24,000
site lighting and distribution 1 LS $50,000 $50,000 $25,000 $25,000 $75,000
site power and distribution to local manholes 1 LS $60,000 $60,000 $40,000 $40,000 $100,000

Site Development:
stormwater 1 LS $120,000 $120,000 $40,000 $40,000 $160,000
sewage 1 LS $50,000 $50,000 $30,000 $30,000 $80,000
communication 1 LS $40,000 $40,000 $40,000 $40,000 $80,000
water 1 LS $50,000 $50,000 $40,000 $40,000 $90,000
NG (from plant w/some gas co. help) 0 LS $200,000 $0 $100,000 $0 $0
permits, fees, studies, planning, etc. 1 LS $0 $0 $150,000 $150,000 $150,000
Damage/interference 1 LS $70,000 $70,000 $50,000 $50,000 $120,000
Shoring 1 LF $30,000 $30,000 $10,000 $10,000 $40,000
Rock Removal 500 CY $30 $15,000 $200 $100,000 $115,000
Excavation/Backfill/Restoration 1 LS $120,000 $120,000 $60,000 $60,000 $180,000

SUBTOTAL $2,565,000 $1,675,000 $4,240,000

CONTINGENCY             20% $513,000 $335,000 $848,000

Sub-sub Total $3,078,000 $2,010,000 $5,088,000

Arch/Eng fees (10%) $508,800

TOTAL THIS SHEET $5,596,800


