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Introduction

Asset (Report Tag) Capacity (PPH) Location

WCSP CTG (WT) 93,000 WCSP

ECSP CTG (ET) 117,000 ECSP

Boiler (W1-PKG) 150,000 WCSP

Boiler (W2-PKG) 150,000 WCSP

Boiler (E1-Tube) 100,000 ECSP

Boiler (E2-Tube) 100,000 ECSP

Boiler (W8-SW) 38,000 WCSP

Steam Generating Assets, Existing Plan

Asset (Report Tag) Capacity (kW) Location

WCSP CTG (WT) 5,700 WCSP

ECSP CTG (ET) 7,500 ECSP

STG (STG-2) 2,200 WCSP

STG (STG-3) 2,800 WCSP

STG (STG-4) 2,500 WCSP

Power Generating Assets, Existing Plan
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Production Steam Load Profile Power Load Profile



2050 Greenhouse Goal – 80% Below 1990 Levels

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

GHG Emissions
Penn State University

(1990-2050)

Other

Commuters

Air Travel

PSU Vehicles

Purchased Electricity

Stationary Sources

Steam Plant

GHG  emissions - actual fuel data

GHG Emissions - estimated

GHG emissions -  projected

PSU 35% below 2005 baseline
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UP GHG emissions -  trend to 80%

Penn State GHG Emissions include stationary sources, purchased electricity, OPP & Fleet vehicles and estimated commuter miles, air travel, waste, refrigerants and animal management. 
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Pennsylvania Forest Facts

 More than half of Pennsylvania land nearly 17 million acres (90% Hardwoods) is 
forested. 

 #1 producer of hardwoods in the country.

 Pennsylvania forests are increasing in size, over 20% growth in the last decade

 Pennsylvania is a national leader in the implementation and promotion of 
sustainable forestry practices that provide renewable resources to support 
industry, while ensuring sustainability of our forests for future generations.

 Annual volume growth in our forests is still more than twice the volume harvested to support 
industry.  Forest growth-to-harvest ratio is better than 2:1.

 Great  for Pennsylvania economy

 Over 90,000 Pennsylvanians make  a living in the industry and over 10% of the state 
manufacturing workforce is involved in the forest products industry.



PSU Steam Production Capacity Plan: Current Plan PSU Steam Production Capacity Plan: Adjusted Plan



Introduction

PSU Deliverable Capacity with New Boilers
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Fuel Supply Analysis

Biomass Data Sources

 National Renewable Energy Laboratory (NREL) 

 Pennsylvania Dept of Conservation and Natural Resources (DCNR)

 Energy Research Centre of the Netherlands (ECN)

 Pennsylvania data on awarded timber sales

Developed high level estimates for all counties  - Total 

delivered price of fuel in $/MMBTU



Fuel Supply Analysis

Methodology Flowchart



Fuel Supply Analysis

Fuel Cost by County
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Fuel Cost by County



Fuel Supply Analysis

Fuel Summary

 Available Fuel is over double potential maximum consumption 

 2018 Delivered cost of $42/tonne ($4.28/MMBTU)

 Used $0.47 per loaded tonne-mile for delivery charge
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Options & Opportunities

Options Evaluated

 Gas Boiler 

 Biomass – Stoker Boiler 

 Biomass – BFB Boiler 

 BPSTG Addition

 Solar PV

 Fuel Cell and Battery 

Bank













Biomass

Biomass



Biomass

Stoker and Fluidized Bed Comparison



Biomass

Solids Handling
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Modeling



Modeling

ECSP/WCSP Production (2028) With BiomassECSP/WCSP Production (2028) Without Biomass



Modeling

BPSTG Production (2028) With Seasonal Biomass OperationECSP/WCSP Production (2028) W/ Seasonal Biomass Ops



Modeling

2028 Energy Summary
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Environmental Impact



Estimated 2028 Greenhouse Gas Reduction from Gas Boiler Case



Economics

Economics



Capital Cost Summary (2018 $)



Economics

Option 2028 O&M Costs with Gas Boiler Option Comparison



Conclusions



Q&A Discussion





Hazardous Air Pollutants Comparison by Fuel Type

CAS# HAP

Wood 

(AP42, 1.6) Natural Gas (AP42, 1.4)

(tpy) (tpy)

107028 Acrolein 3.50 0.00

71432 Benzene 3.68 0.00

50000 Formaldehyde 3.85 0.06

110543 Hexane 0.00 1.50

7439965 Manganese 1.40 0.00

7647010 Hydrogen chloride 16.64 0.00

100425 Styrene 1.66 0.00

Other HAPs (<1 tpy each) 3.26 0.01

Total 34.01 1.58


