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Ursinus College

0 1,500 students from 31 states and 22
countries

o 170-acre suburban campus located 25
miles from downtown Philadelphia

0 Residential, private, liberal arts college
0 11:1 Student — faculty ratio

o Ursinus is consistently ranked in the
top tier of National Liberal Arts Colleges
and was one of five schools designated
an “Up and Coming” college by U.S.
News & World Report.
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SHG Approach to Energy Management

o View energy management
from 4 main perspectives to
ensure a comprehensive
approach

0 Find the balance between
financial and environmental
sustainability




Annual Main Meter Energy Costs by FY
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Unit Cost of Fuels ($/MMBTU)

$30.00 New electric contract started July
2017, and runs through June 2020
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MBTU per GSF: Colleges and Universities
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Energy $/GSF: Colleges and Universities
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$2.25 Surveyed Institutions:
Babson College Rutgers University
Bates College St. John’s College
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Upcoming Changes to Campus Energy Costs

BPS & BWC Commons New Chiller Natural Gas Energy

IDC AC Projects

+$100K +$36k -$13k Contract $210K
+$17k -$14k "



Utility Master Plan

Summary of Findings



Considered and NOT Recommended
C1s

o Monetizing heating and cooling plants by selling energy
Infrastructure

o Combined Heat and Power (micro-turbine and back-pressure
turbine)

o Conversion from steam to hot water distribution
o Full decentralization of bolilers
o Conversion from natural gas to biomass or biofuel



Campus Steam System

o Good condition + efficient
operation = no major changes

o Recommendations:
o Reduce outgoing steam pressure

o Phased transition to decentralized 7 A =
domestic hot water systems witha -~ o<
summer boiler in the Central P,
Boiler Plant to provide steam for
re-heats

o Replace the burner on Boller #1
with a dual-fuel burner

MiNARY | STM




Campus Electric System
Capacity and Description

Local Utility Service from PECO, provided at 33,000 Volts
Current limits of PECO peak demand contract: 2,592 KW
2016/17 Ursinus peak demand 2,310 kW
Projected 2019 peak with IDC, Commons, and a new chiller 2,700 kW

Capacity of College’s primary utility transformer
(College distribution at 4,160 Volts)

Capacity of PECQO’s metering equipment
Ability to upgrade PECO’s CT’s to provide additional capacity

4,750 KW

4,100 kW



Campus Chilled Water System
Current & Future Cagacitx reguirements

Current capacity: 1500 tons

—————————————————————————————————————————————— |ﬁ|— — e - . -
1400 | | |
1200
| o Decision to add one (1)
1000 750-ton chiller to the
200 Chiller Plant now
o New chiller is 20% more
o efficient with part and full-
400 load requirements
200
0
mChiller Plant OBWC ORitter OBPS 0OHelffrich Gym ©OThe Commons OIDC 0OFuture Res Hall
GSF 667,685 42,716 29,145 57,778 101,714 20,000 45,000 50,000
GSF/TON 668 668 668 668 668 668 668 668
PEAK TONS 1000 64 44 87 152 30 67 75




Energy Efficiency and Conservation Measures



Summary of Energy Efficiency Measures
20 B

o Building Automation System
(BAS) upgrades, expansion,
and optimization

o Complete campus lighting
upgrades

o Perform Retro-
Commissioning at several
facilities

0 Reduce steam pressure at
Central Heating Plant

o Decentralize water heating
during summer months

o Convert constant volume
systems to VAV'’s (Bakes,
Thomas, Berman, etc)

o Create energy &
temperature policies

o Install a new chiller at
Central CHW Plant



Energy Capital Investment Plan

ITEM HUM.

BUILDING

ENERGY 5UB
SYSTEM

TRADE

PROJECT DESCRIPTION

ECM
COST

INCENTIV
E
SAVINGS

EFF.
COST

N.G.
REDUCT.
METU

ELEC.
REDLICT.
KWH

ANNUAL
EMISSI0NS
REDUCTION

MT COg8

ANNUAL
SAVINGS

PAYBACK
PERIOD

ROI %

STATUS

INCL

COMMENTS

T4

Heating
Plant

Generstion

Dptimiize the steam plant operation.

1,587,206

1057

510,135

0.00

Ma

Open

Reduce steam pressure [currently 90 psi constant) and reset to
lower values based on time of day [when sutoclaves are notin
usel.

|dentify the limiting factor related to steam pressure {may vary
based on O& conditions/load):

sWater carmyover at higher velocity

sincreased steam pipe velocity and condensate pipe/pump
capacities

aMinimum firing reqguirements of the sctive boiler(s)

#Derating factor associzted with water tube boilers [may prompt
pressure reset based on losd), a5 spplicsble

slevel of superheat desired (if amy) to prevent condensation in
distribution system

SHG 05/03,/18: Meeting disoussion guestions capability at boilers
to operate at reduced pressure. Opportunities to reduce pressune
at the plant have been discussed. This will reduce energy losses

assocatied with distribution and condensation.

15

Berman

End Use

Provide a setback schedule for AHUHL [new entrpway//stainway].
AHU-2 {front lobby] and AHU-4 or associated non-critical VEBVs if
SPACE USE permits.

At 3 minimium, sllow closure of the AHU-2 0A damper and AHU-3
OB damper during unoccupied hours.

5300

5150

105,682

15.641

27.3

51,781

0.08

1187%

Open

Cost analysis includes redwced 0A and some reduced fan runtime.
ECM zavings will vary based on implementation approadh.

349

Campus

Distribution

Consider reviewing opportunities for HYAC optimization,
particularly at AHUs providing ventilation air. Only a few schedules
are identified as 'Optimal.’ Savings will be maximized if units are
provided with corresponding warm-up/oool-down sequences.

5500

2500

397,600

33.847

35.0

54,665

011

933%

Open

Alternately, consider scheduling fined warm-up/oool-down periods
[with commensurate delay in occupied start time) to pre-condition
space without undesirable introduction of OA.

Multiple BMS schedules sre in question. Reduced scheduling is not
apparent for summer months, and sample schedules indwude
significant durations:

sBermian TOD lights: £:30pm - 11:55pm

sBerman Master schedule: 24/7 (two start times daily, no stop
time]

«BON FCUs- 24/7

CONTINUED:

ablyrin: extended schedule

sMNaorth AHW= 247

sPiahler FCUs: 24/5

sPfahler Office Tucs: 24/7

sRiemert EF schedule: beginning 2am daily
sRitter Art AHUs: 24,7

=Thomas AC-2: bezinnine 4am

Sample detall of Energy Capital Investment Plan




Energy Capital Investment Plan

ANNUAL
INCENTIV N.G. ELEC.
EMERGY SUB ECM EFF. EMISSIONS | ANNUAL | PAYBACK
ITEM NUM. | BUILDING SYETEM TRADE PROJECT DESCRIPTION COST E COST REDUCT. | REDUCT. | cerycTioN s AVINGS | PERIOD ROl % STATUS INCL COMMENTS
SAVINGS METU KWH
MT COe
MOTE cost analysis escludes entries identified elsewhens 25
i dent ECMs [e.g. Olin, Myrin and Wi .
Provide 002 contrel at the identified AHUs (breathing zone). Cycle :;:f:_:siqmd bj'[:'igs- |1-13, AHT-L.L: t:g ce ﬂf::':]r]and 102
AHUs off t t coz trati wmhle| ] . -
a7 Campus | Distribution | ATC WWIEM TEMASTERUre ane LU coneentiatan are 3ccepta®® szaoon | 52533 | $21467 | 921600 | 500659 723 $T.ETS 273 37% Open Yes  |equivalent motor HP remain.
at the breathing none {reduoe zone damper minimum to zere . - -
where termingl units aph] Include duty cycling at any instances not yet implemented wherne
=R zone 002 sensors already eist.
525 per ton DLV incentive from PECD
Instzll VFDs 22 AHU-3 and AHU-A [coordinate with separste . E . . L. .
recommendation for change of hot/cold deck sequencing] Estimated [rough] savings only. Project will require further analysis
-] Athletics Distribution IH o £ d based g the hishest 9 ofE -:t-f 515,000 &2 656 212314 53,712 2.0 54208 193 34% Open Yes if desirable related to savings and potential contrel measures. 525
DErate n . a5Ed on the = one emor S rom
o e g ! per HP VFD incertive from PECO
Inst=ll CO2 sensors &t endhosed building zones to controd the & Ensure any make-up/pressurization requirements sre maintained.
pii] Iobyrin Distribution IH dampers at 2l units and YAV minimums at the bas=ment and 3rd 47.500 4625 46,875 330.000 5280 5.8 520897 3.28 0% Open Yes Retum zir measurement may be suitzble for large, open area. 525
floar. per ton DCV incentive from PECO.
Use both cells regardless of rumber of chillers in operation.
Control for an spproach tempersture rather than 3 constant
condenser LWT setpoint |set at 75 F). Lower the minimum
condenser LWT setpoint to the manufacturer’s minimum limit.
N N Improswe Chiw! loadi k| . bot ohserved

§4  |Chillerplan:| Generstion | IH  |Optimize the chiller plant operation. 43,500 460 43,440 11,700 12 4917 375 27% Open Yes |Imerove CnW pump unloading (at low ioac, bath pumps chse
in opeeration &t minimum speed]. Review;'tune the bypass valve FID
loop control to reduce hunting [controls for evaporator dP ).
Implemant a chilled water reset based on building demand.
Optimize chiller loading snd unloading via RLA/demand. Calibrate
the flow meter [not soourste).

Complete "ECM Incl” it fthe Operati Contrel N Savings @ timat hy— lly apply to syste

62 Campus End Use Misg [oonore EWATINE [Ems aTihe Uperatian and Lantn 420000 | 51750 | 518250 | 300000 | 3s.000 16.3 44272 427 23% Open Vg [ TER ETR BIIMATED ANl TMERINEs EENSTElY SRy To sysems

Recommendations. rot operating per a defined basis.

) . . ) . See lighting table summary for operating hours and values used.
Richter/ Retrofit building fictures ut Chc linezir fi ts with . .
109 rl::'ﬂ_r End Use Elec LEI:Irr 4TINS TeTures urimng ane fine AR 516,786 541,433 512,353 33,552 0.2 52,660 4.64 22% Open Yes Favorable payback ties largely to arezs with the greatest usage. 55
- per screw-in LED and %7 per linear fixture incentive from PECD.
Cost anzlysis per Greenleaf findings. Note savings are not linked to
4 Athletics Erd Use Elec (Replace/retrofit building lighting fixtures. 2200874 | 317,083 | 3183882 341,853 29.0 535,604 516 19% Open Ves update based on varying electricity unit costs.

SHG 04/27/1E: Fitness Center complete.

Instzll jackets st building servi v sheg ate valves . . . . e

55 Campus | Distribetion | Mech :mu;:;: FUIEINE SETVICE BTN Seam gate vaie 45,300 $5300 | 199423 336 $1.017 521 19% Open Yes  |See Thermaxs or UniTherm product fines or similar

128 ‘Wismer End Usze Elec  |Upgrade lighting throughout facility to LED % 30,000 52 500 %36, 500 53,000 1.2 %6, 100 508 175 Opan Vs
Hezt andfor smoke sensors. Combine with static pressure control
for AC-2.

UPDATE: Standi ilots fFect feasibility.

122 Wismer | EndUse | IH/Misc |Provide variabie speed exhaus for the bake shop fan. £5500 | 4500 | %5300 | 105826 | 3820 5.6 5138 5.32 16% Dpen Yes  |ec00 per oD for borbn xhoes VED.
UPDATE: Cost adjusted (lowered) per updated information
received.

5 Heating Canemstion Mech Provide (Q, trim control for boiler B-2 {dual fuel] to maintain peak £30,000 0 sangon | 927363 9.3 £4.730 634 16% Dpen Yes Applies to dual-fuel [lead] boiler. Review boiler/bumer capshilities

Piznt combustion effidency during continuous stack measurement. ’ : ’ ) ’ with manufacturer as applicable.
. ) . Insulate the boiler rosm heating and domestic hot water piping.
83 Pusser Distribution | Various L. - 2500 541 SB50 14, 000 E1Z2 B.6 %135 6.36 16% Open Tes
Block the open louver to the exterior if not utilized.
3 Facilities End Use Elec |Upgrade lighting throughout facility to LED 45,000 5300 44,700 5,000 3.0 5700 6.71 15% Open Yes
Retroft buidine Ftures utilizing CFLs and linear fuoresoents with See lighting table summary for operating hours and values used.
85 Musser Erd Use Elec & - E 42,250 L7654 41,486 2,796 0.7 5215 6.7E 15% Open Ves Fawvorable payback ties largely to sress with the greatest usage. 35

LED=.

per screw-in LED and %7 per linear finture incentive from PECO.




Building =

Priority
141
high)

Energy _
Impact

Issue =

Updates

Status =

Chiller Plant

3

Review the condenser water conductivity. Displayad values
were at alarm conditions.

Review condenser water conductivity.

Open

Bermman

High

Raise the AHU-4 dehumidification setpoint from 40%. It
appears this is maintaining the DAT at the low end of the reset
(55 F) while all terminal units downstream demand heat (note
type of reset not apparent to indicate the extent to which the
DAT will increase).

Raise the dehumidification setpoint.

Open

Berman

Low

Consider reviewing ventilation control at AHU-4 and sensor
(CO2 and AFMS) calibration:

*The BMS indicates a RA CO2 in excess of 1,000 while the
OA damper ramains fully open. This likely exceeds the design
intent.

*The OA cfm indicates a value averaging approximately 30
cfm (damper position 100% open) compared to a setpoint of
approximately 300 cfm and a scheduled design of 900 cfm.
*The AFMS input fluctuates rapidly between zero and 60 cfm.

Rectify control.

Open

Berman

AHU-4 zone 1 displays a high humidity condition while
indicating the lowest of the three duct sensors.

Investigate point.

Open

Sample Detail of BAS Control Recommendations




Provide demand-controlled ventilation

o Myrin Library

o Air handling unit ventilation
rates are designed to maintain
adequate ventilation during
design occupancy levels. DCV
seguencing through zone CO2
sensors enables reductions Iin
ventilation air (and associated
heating and cooling loads).

o This ECM can provide a rapid
payback due to the large,
open nature of the spaces.




Replace the track metal halide lighting with
LEDsS

s B
o Replacing the current 1,500 W

fixtures with LED fixtures (567
W each) will provide
Immediate energy savings.
Additional savings will be
realized through a reduced re-
lamping frequency.

o Opportunities may also exist
for bi-level lighting to provide
safety while increasing output
as needed. Lights currently
operate all evenings.




Provide occupancy-based operation at the
Field House

o Occupancy sensors are
recommended at the field house
to limit space lighting and index
AHUs to a standby mode with
relaxed setpoints and reduced
fan energy.

o These control measures will be
coupled with related components
(eg daylight sensors for perimeter
lights, CO2 sensors for ventilation
savings).




Optimize VAV Control

-0V
o VAVs observed throughout use a

e = staged method of heating in

A Vatve Fostion - which airflow Is increased when

Reheat Quput 100 % heating is required. While this

Source A¥ Tenperawe:  — Deg can increase the VAV capacity, it

Dicharge Al Temperature. 664 0eg al;so consumes a glrea(tjer amount

. of energy input (related to

L heating?%ool?ing(and fan energy)
Masimum Ak Flows 599 per BTU of heat provided to the
Minimum Air Flow: 150 Space.
Heating Masirum A Flow. 599 o Optimized control can increase
Heating Minimum A Flow: 319 airflow only when this capacity Is
Standby Minimum A Flow: 313 required or as needed to prevent
Heating Standby Minimum Ai Flow: E stratification by supply air that is
Lacal Heat Minimum Air Flow: 319 excessively warm.




Energy Efficiency Measures Savings

Energy Projects, Total Cost $1,300,000
15% Electric Savings ($91,000)
25% Natural Gas Savings ($69,000)
Electric Procurement Savings (after 2020) ($50,000)

Estimated Annual Energy Savings ($210,000)




Financing Options that were quickly eliminated
20 B

I
nESCO / PPA/ ESA

oHigh cost of implementation Energy Lease
nBurdensome contracting process or Energy
oHigh cost of on-going M&V ~—_ Projects Loan
olLess flexibility to substitute Identified as

projects the preferred
olLess ability to self-perform work structure.

_/



Energy Financing Options (2017)

Borrow from Unrestricted Reserves
and Payback Energy Savings

Creates lack of alignment with sources
and users

Ursinus College Self-Finance

Line of Credit, Existing Bank

Energy Lending Firm # 1, Capital
Lease

Energy Lending Firm #2,
Energy Loan

4.25% over 5 years
9.43% over 7 years

Sustainable Energy Fund 4% over 5 years

Energy Lending Firm #3,

0
Energy Loan 5.75% over 10 years



Borrowing from the SEF allows §Sustamab|e

Ursinus to meet Bond Covenants @ Energy Fund

1 Non-recourse financing

1 Secured against equipment installed
oNot borrowed against existing buildings or property

1 Cash flow positive
1 No prepayment penalty

o Preserves Ursinus Capital for other projects
identified in the Campus Master Plan



Advantages to Financed Energy Project

Implementation

Reduces Cycle Maintenance with Modernizes Facilities &

Upgraded Equipment Optimizes Energy Performance
With New Technology

Utilizes 3'Y Party

Ability to complete energy Energy Financing
projects in-house and Preserves Capital Budget

with outside contractors Ability to leverage Utility
Incentives




Projects Completed to Date
I G G G G - - T T i

o LED Lighting Upgrades: HVAC / Controls:
o Floy Lewis Bakes o Steam pipe insulation
o Bomberger o VFD Drives
o Richter/North o Boiler #1 Conversion to Gas
o Musser
o BPS
o BWC Next Up:
a Olin aRCx
g Facilities o Chiller Plant Optimization

o Kaleidoscope
o New Hall
o Off-Cambpus Houses



Measurement & Verification: Lighting
R T

Bomberger Entry Lobby

1.8

kWh's

0
8/6/2018 0:00 9/6/2018 0:00  10/6/2018 11/6/2018 12/6/2018 1/6/2019 0:00 2/6/2019 0:00 3/6/2019 0:00 4/6/2019 0:00 5/6/2019 0:00 6/6/2019 0:00 7/6/2019 0:00

0:00 0:00 0:00



Measurement & Verification: Lighting
I G G G G G - T T - wwwwhhhhhhh,;,;.»
Kaleidoscope Plaza Circuit #7

2.5

15

kWh's

0.5

1/6/2019 0:00 2/6/2019 0:003/6/2019 0:00 4/6/2019 0:00 5/6/2019 0:00 6/6/2019 0:00 7/6/2019 0:0C

12/6/2018
0:00

8/6/2018 0:00 9/6/2018 0:00 11/6/2018
0:00 0:00

0
10/6/2018



Thank you! Questions?

James Hayes, THE STONE HOUSE GROUP
hayes@theshg.com 610-868-9600

Please visit THE STONE HOUSE GROUP’s booth in the Reception Gallery!


mailto:hayes@theshg.com
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