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University wants to produce as much energy as it uses
Campus has ‘Net Zero’ plan for expansion



FOCUS ON ENERGY

• Master campus planning begins with the Long Range 
Development Planning (LRDP) team

• University receives funds from 2016 USDA Forest 
Service Wood Innovations Funding to study biomass 
feasibility alongside master planning

• Wisewood Energy retained to provide biomass 
analysis for realistic campus scenarios

• LRPD team develops five energy efficiency scenarios, 
and recommends biomass central heating

• Wisewood Energy uses LRPD data to conduct biomass 
analysis
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Adapted from PAE Engineers 



Adapted from PAE Engineers 



THERMAL ENERGY TECHNOLOGIES 
CONSIDERED

OPTION EVALUATED?

Natural gas – central or decentralized No: Fossil fuel based

Biomass – central or decentralized
Yes: Low carbon, may 

require separate cooling

Biomass with Geoexchange – biomass 

central plant and horizontal “slinky” 

system, geo provides 100% cooling and 

30% heating

Yes: Low temp system, 

provides future flexibility

Geoexchange without biomass –

horizontal “slinky” system

No: Heating/cooling loads 

unbalanced, ground 

temperature issues, not cost 

effective

Geoexchange with air source heat 

pumps – horizontal “slinky” system, geo 

provides 100% cooling and some % 

heating, heat pumps provide balance

No: Heat pumps increase 

need for PV

Adapted from PAE Engineers 



ELECTRIC ENERGY TECHNOLOGIES 
CONSIDERED

OPTION EVALUATED?

Wind– multiple turbines, connect to utility 

grid

No: Inadequate wind 

resources, higher 

maintenance needs, 

intermittent generation

Photovoltaic – roof mounted, canopy 

mounted, and ground mounted, connect to 

utility grid

Yes: Abundant solar 

resources, low maintenance, 

declining costs

Biomass with Cogeneration – use 

Organic Rankine Cycle with biomass boiler 

to generate electricity, sized for campus 

heat load

No: Consider for future

Biomass with Cogeneration – use 

biomass gasifier to generate heat and 

electricity, combine with biomass boiler for 

optimum fuel utilization

Considered in subsequent 

Wisewood analysis

Considered in subsequent 

Wisewood analysis

Adapted from PAE Engineers 



LRDP ENERGY SCENARIOS

SCENARIO DESCRIPTION
CAMPUS EUI
(KBTU/SF/YR)

GEOTHERMAL
PV FITS ON 

CAMPUS
ANNUAL HEAT 

DEMAND

GOOD
➢ Biomass central heat

➢ Distributed cooling

➢ Buildings designed to code

79 No No 62.7 MMBtu

BETTER
➢ Biomass central heat

➢ Distributed cooling

➢ Buildings exceed code

56 No Maybe 48.0 MMBtu

BETTER +
➢ Biomass and geoexchange central 

heating and cooling

➢ Buildings exceed code

49 Yes Maybe 48.0 MMBtu

BEST
➢ Biomass central heat

➢ Distributed cooling

➢ Buildings passive as applicable

38 No Yes 29.5 MMBtu

BEST +
➢ Biomass and geoexchange central 

heating and cooling

➢ Buildings passive as applicable

33 Yes Yes 29.5 MMBtu

Adapted from PAE Engineers 

Better + 

With and Without the 

Innovations District
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BIOMASS SYSTEM SIZING

• Determine optimum biomass boiler size for efficiency 

and effectiveness

• 70% biomass heating, 30% geoexchange heating 

(100% geoexchange cooling)

• Design biomass for full campus buildout; realistic 

construction would be in phases



BIOMASS ANALYSIS DIRECTIONS: BETTER +

Phased Biomass 
District Energy

Heat-Only Generation

Scenario 1: Without 
Innovation District

Phase 1: One Biomass 
Boiler

Phase 2: Two Biomass 
Boilers

Scenario 2: With 
Innovation District

Phase 1: One Biomass 
Boiler

Phase 2: Two Biomass 
Boilers

Heat & Power 
Generation (CHP)

Scenario 1: Without 
Innovation District

Scenario 2: With 
Innovation District

Phase 1: One Biomass 
Boiler,    One ORC

Phase 2, Configuration 
1:    Two Biomass 

Boilers, Three ORC

Phase 2, Configuration 
2: One Biomass Boiler, 
One ORC, One Gasifier

2024 – 2028 2031 – 2034 



SHIFTING TO BIOMASS CHP

• Financial incentives exist when electricity is generated, 

unavailable if heat only 

• Reliable options well suited to a campus scale 

• Existing Energy Systems Lab that focuses on advanced 

internal combustion engines and unconventional fuels, but 

has no physical lab space on campus



GASIFIER ORGANIC RANKINE CYCLE

• 200, 300, 400, 500kW modules

• 30% eff. electricity production

• 8,000+ operating hours

• Produces biochar, an organic 

agriculture amendment

• 35, 100kW modules

• 8% eff. electricity production

• 8,000+ operating hours

• Produces low temp hot water
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OSU Cascades - Better Plus With Innovations District
Proposed System Analysis

Location Bend, Oregon Proposed System Biomass Boiler Installation Contact Andrew Haden 

Client Contact Jane Barker Proposed System Output (MBH) 10,000 Phone (503) 706-6187

Date 4/9/18 Proposed System Fuel Type Wood Chips Email andrew@wisewoodenergy.com
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BETTER + WITH INNOVATIONS DISTRICT
(FULL BUILDOUT)



PHASE 1 PHASE 2

HEAT ONLY CHP HEAT ONLY CHP

TOTAL CAMPUS 

HEAT DEMAND
27,500 MMBtu/Yr Same 70,500 MMBtu/Yr Same

EQUIPMENT 

OUTPUT 
3,700 MBH (1x Boiler)

3,700 MBH (1x Boiler)

100 kW  (1x ORC)
10,000 MBH (2x Boiler)

10,000 MBH (2x Boiler)

300 kW  (3x ORC)

OR

3,700 MBH (1x Boiler)

100 kW  (1x ORC)

500 kW  (1x Gasifier)

RATIO OF 

OVERALL HEAT 

PROVISION

Biomass: 57%

Geoexchange: 30%

Natural Gas: 13%

Same

Biomass: 59%

Geoexchange: 30%

Natural Gas: 11%

Similar

POWER OUTPUT NA 316,000 kWh/Yr (ORC) NA

832,000 kWh/Yr (ORC)

OR

316,000 kWh/Yr (ORC)

3.75 MWh/Yr (Gasifier)

WOOD FUEL 

DEMAND
1,600 GT/Yr Somewhat higher 4,200 GT/Yr Somewhat higher

BETTER + ANALYSIS
(WITH INNOVATIONS DISTRICT)



PHASE 2 – ORC CHP ISO



PHASE 2 – ORC CHP ISO



PHASE 2 – GASIFIER PARTIAL ISO



PHASE 2 – GASIFIER PLAN VIEW



NEXT STEPS

• University is further developing 

conceptual design of geoexchange

system options (ground vs water)

• University is undergoing internal 

process to determine whether to 

incorporate biomass into CUP

• If pursuing biomass, next step is to 

select heat-only or CHP, then refine 

system configuration and sizing



WHAT DID WE LEARN?

• Efficiencies and cross-team understanding could have 

been improved if biomass option was incorporated more 

directly into LRDP process.

• Wood energy can be contentious – important to select 

appropriate technology and ground discussion in realistic 

scenarios.

• Optimizing across technologies is complex, but 

compelling! Takes vision and leadership to carry.



THANK YOU!

andrew@wisewoodenergy.comANDREW HADEN, PRESIDENT & FOUNDER

Technology in Service of 

Community and Environment
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