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Land Grant University — est. 1855

19 Campuses
99,133 Students
6,470 Faculty
20,060 Staff
1000 + buildings

30 million sq ft of space
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1855
~50,000 Students on Main Campus

7,342 acres of land at UP
600 buildings on campus

- ,.
20 million ft? Building Space

——
$4.3 billion buildifig'replacement
value . -
4
34 years average age of buildings
-

Established by Land Grant

Numbers

+200 Buildings Served w/steam =
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Combined Heat and Power — Penn State
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CHP — Prior to 2010

West Plant East Plant

coal fired gas fired
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KPPH

100
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150 psig

240 psig, superheated



East Plant Addition - 2010

West Plant East Plant

coal fired gas fired

100
KPPH
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240 psig, superheated

$20 million capital investment

$2-2.5 million reduction in utility budget per year



West Plant Conversion to Gas - 2016

West Plant East Plant

gas fired gas fired
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PSU Energy Savings

e Annual Savings Since FY 2008-2009
- 30 million kwh
- 35,000 tons coal

- Total Fossil Fuel use has been flat, but on site electric has increased
from 5% to 25%

e Added over 1.5 million square feet in new buildings in
the same time period

e Utility Rebates — received $2M in support of projects

e Energy Conservation Program Total since 2000:
- Annual Avoided Costs for all projects to date: $8.5M
- Annual Avoided costs based current energy rates: $14M
- Total invested to achieve current annual avoided cost is $68M



Distribution of PSU GHG Emissions

= Penn State’s GHG Inventory primarily includes direct emissions and emissions from
purchased electricity

= Energy at University Park is the largest contributor

By Campus

By Sector

m Stationary Sources
m Steam Plant

80% Energy m Purchased Electricity University
® Campus Vehicles Park
Commuters
44%
m Air Travel 78%

m Other



Building Energy Reduction

= 20% energy reduction in 28m square feet of existing buildings by 2024

DOE — Better Building Challenge

»  Provides a Framework for Tracking & Benchmarking
Better BUIldII"I s « Highlights Penn State leadership in incorporating energy efficiency into
CHALLENG E routine business operations
U.S. DEPARTMENT OF ENERGY - Opportunity to Showcase Projects (Results & Solutions)
320,000 ~ «  Consistent with the Energy Program efforts and current funding
ggg'ggg ] Energy Efficiency Metric to compliment overall GHG Reduction Targets
260,000
£ 240,000
& 220,000 bl L
2 200,000 - e T PR
= 180,000 -
160,000 { == Historic btu/sqgft - not weather normalized

140,000 | =m==Better Building Challenge (btu/sqft)
120,000 { === Better Building Challenge Target - 20% Reduction by 2024
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http://www4.eere.energy.gov/challenge/

mtCO2e/yr
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Progress to Date

GHG Emissions Reduction Strategies to 2030

Penn State University

mmmm Renewable Energy Credits

mmmmm Utility Plant Improvements (CT HRSG)
Green Design

mmmmm Energy Conservation \ Awareness

I Non-Energy Initiatives

mmmmm Greener Grid (AEPS \ Hydro Purchase)
On Site Solar (2MW)

mmmmm Utility Plant Improvements (fuel switch)

I Fnergy Program to 2020

I Fnergy Program to 2030
CT HRSG at WCSP

Unaccounted

= Projected Emissions

e PSU Emissions

== +2012 Goal (17.5% below 2005 baseline)
e+ 35% below 2005 Baseline

e +52% - 2030 goal on track for 2050

<— Energy Program 2020-2030

$15M @ 15 yr payback to 2030

<&—— Additional CT HRSG



Progress to Date

GHG Emissions

Penn State University
(1990-2050)

700,000 -
2005-2012
600,000 - RECs
Energy Program
CT HRSG

s Other
Commuters
s Air Travel
mm PSU Vehicles
Em Purchased Electricity
I Stationary Sources
I Steam Plant
GHG emissions - actual fuel data
GHG Emissions - estimated
= == GHG emissions - projected
e e oo PSU17.5% below 2005 baseline
e e e e e PSU35% below 2005 baseline
® o o o PSU 80% below 1990 levels
eesees UP GHG emissions - trend to 80%

500,000 - 2013-2020
Energy Program
~ Coal\Gas Conversion
s .
Steam Turbine replacement
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e 0
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Penn State GHG Emissions include stationary sources, purchased electricity, OPP & Fleet vehicles and estimated commuter miles, air travel, waste, refrigerants and animal management.



West Plant CHP Addition — Q3 2021

West Plant East Plant
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WC CHP Addition - Goals

Initial Plan

Nominal 7.1TMW Gas Turbine
250 psig, 126,000 Ib/hr HRSG
Natural Gas Compressor

New Stack

Demolition of both Boiler 6, Boiler 8,
and DA-6

Goals

Increase Firm Steam Capacity
Increase Efficiency

Decrease Greenhouse Gas
Emissions (16,000 MTCOZ2,
reduction

Improve Resiliency
Electrical System Upgrades
Budget — 15 Year payback




CHP Right Sizing

Turbine Efficiency Map

CHP Sizing Drivers
Efficiency (LHV)

« Electric Load Matching 33.00%

32.00%
«  Thermal Load Matching o
29.00%

« Gas Turbine Efficiency 28.00%

27.00%

100%

.. 26.00%
. HRSG Eﬂ:|C|ency 25.00%
24.00%
«  Overall Capacity 200
21.00%
20.00%
Unfired
. T70
WC CHP Generation

GT z

Utilization [ HRSG Util. |  Annual s

Factor Factor Energy §

(%) (%) (MWH) 5

Potential Output 100% 52% 79,800 %;'_

Electrical Load Limited 82% 52% 67,300 ?

Ambient Temperature (°F)

System Efficiency (LHV)

Power Output

10
40
70 Ambient

Temperature (°F)

100

50%

91.00%

89.00% ' f=

87.00%
85.00%
83.00%
81.00%
79.00%
77.00%
75.00%
73.00%
71.00%

69.00%

Power Output

Ambient Temperature (°F)



CHP Right Sizing (cont.)

18,000
16,000
14,000
12,000
10,000

8,000

6,000

ELECTRICAL LOAD (KW)

4,000

2,000

s W C Substation Modifications

——T60 Power

Electrical Load Profile West Campus Substation

T70 Power

_ 170 T60
WC CHP Generation
GT Utilization| HRSG Util. GT Utilization| HRSG Util.
Factor Factor Annual Energy Factor Factor Annual Energy
(%) (%) (MWH) (%) (%) (MWH)
Potential Output 100% 52% 79,800 100% 82% 59,300
Electrical Load Limited 82% 52% 67,300 94% 82% 56,400
Substation Modifications 93% 52% 74,400 99% 82% 58,800




Combined Cycle Option

311F

21,500 LB/HR (UNFIRED)
92,500 LB/HR (FIRED)

NATURAL GAS
e —

Benefits

« No Natural Gas Compressor

COMBUSTION AIR

=Natural .
O tAToR STEAM GENERATOR o g G’_d_S TL_erme has nearly 99%
R [ utilization factor
800 LB STEAM HEADER | | - .
O}! * Increased Duct Burner Utilization
« Steam Turbine can take swings
I R ’ﬁ‘i‘mmm «  Still meets nominal power production
' ' ' goals
| | | Maintains Boiler 8 operation
BOILER 1 BOILER 2 BOILER 8 . Space Conservation

| 250 LB STEAM HEADER
H “ 150 LB STEAM HEADER

i I

STG1 5TG2
2.2 MW % 3.0 MW
‘ PSU CAMPUS

PSU CAMPUS PSU CAMPUS

13 LB STEAM HEADER



T70 vs. T6OCC Results

Electrical Load Profile West Campus Substation

s W C Substation Modifications ——T60Power  ——T60CC Power T70 Power

18,000
16,000
14,000
12,000
10,000 [ill

8,000

6,000

4,000

ELECTRICAL LOAD (KW)

2,000

, 170 T60CC
WC CHP Generation
GT Utilization| HRSG Util. GT Utilization| HRSG Util.
Factor Factor Annual Energy Factor Factor Annual Energy
(%) (%) (MWH) (%) (%) (MWH)
Potential Output 100% 52% 79,800 100% 82% 73,500
Electrical Load Limited 82% 52% 67,300 94% 82% 63,500
Substation Modifications 93% 52% 74,400 99% 82% 69,800




T70 vs. T6OCC Results

Electrical Load Profile West Campus Substation

s W C Substation Modifications —— T60CC Power T70Power

18,000

16,000

= 14,000

g WAM 1 Al i

S 10,000 | (S | .
s R 1) [
Attribute T70 T60CC
GT Utilization (%) 93% 99%
HRSG Utilization (%) 52% 82%
Fuel Conversion Eff. Ave. (%) 86.2% 90.4%
New Total Generation (MWh) 61,300 56,700
Annual Power (MWh) 74,800 69,800
Peak Plant Power Production (MW) 12.3 12.2
CO2e Annual Reduction (tons) 25,600 24,000
Gas Compressor Required? Yes No
Net Annual Savings (S) $2.72M $2.71M




Layout Optimization

1080-08
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Optimized CHP

FUEL OIL

NATURAL GAS
L —

COMBUSTION AIR

21,500 LB/HR (UNFIRED)

92,500 LB/HR (FIRED)

311F

Natural

52MW  COMBUSTION TURBINE HEAT RECOVERY Gas
GENERATOR STEAM GENERATOR
(€T6) | (HRSG)
800 LB STEAM HEADER | |
¢
STG3
21 MW
110,000 LB/HR 150,000 LB/HR 38,000 umm
| BOILER 1 BOILER 2 aou.en 8 I
| 250 LB STEAM HEADER |
| 150 LB STEAM HEADER |
| |
STG1 STG2
| 22Mw 3.0 MW
| |
1318 STEAM HEADER

Be

PSU CAMPUS

PSU CAMPUS

Result

Firm Steam Capacity —
92,500 Ib/hr HRSG

Efficiency — Combined
Cycle CHP with >$2.7M
annual savings

GHGEmissions — >20,000
MTCOZ2, reduction

Resiliency — 7MW nominal
generation, Black Start

Electrical System Upgrades
— New West Campus Switch
Station

14% peak electrical, 25% of
average

Budget — 12 Year payback
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What Else are We Thinking
about?

///////



= Tour Guide

Renewable Fuels




Hot Water Distribution

I TER—h
S =l

Three new District Steam Plants

§ New significantly reduced size
Possible e
distribution system

ste utilit
.oty Increased initial cost

Reduced maintenance, heat loss
& operating costs

2,000 pph

3/19/10




Thank you




