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New Global Energy Realities
Growing impacts on USA

Globalizing volatile energy prices
Dependence on imports

Climate change legislation

Underinvested energy infrastructure

China and India major new energy customers
Trigger events — blackouts, hurricanes,
tornados ....

Fundamentally different from past
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Perfect Energy Storm
When fears collide...

Global Cost of Energy

Rising Prices Availability

Climate Change

Growing awareness — Growing Opportunity
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What we pay fer
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$ 7.0 Trillion

Energy we

Energy we
waste

use

USA about $2.0 Tn (14% of GDP)

11% of World GDP

© Garforth International llc

Energy Productivity Differences
How well do we spend our $2 Trillion?

Total US Energy Use

N\

Region Population GDP | Energy Fg:;gi E/gg?__,y
USA 4.6% 25.9% | 20.5% 100 I 100

EU 7.5% 31.1% | 15.9% a7 60
Japan 1.9% 8.1% 4.6% 54 67
China 20.0% 6.1% 15.0% 17 312
India 17.1% 2.0% 4.7% 6 \ 291
World 100% 100% | 100% 22 81

Key to Competitiveness
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*Various US/EU Sources — 2006 source}
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Effectiveness by Sector
How well do we use our energy?

Sector Energy Energy Use Index
Share USA/EU
Industry 33% 1.2
Buildings* 39% USA 25
CALIF 1.8
Transportation* 28% 1.4

Most energy lost in range of inefficiencies
Only 5% to 15% used productively

Major potential for efficiency gains!
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Dysfunctional Energy Supply Chain

From fuel to service

70% of total energy
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Other Fuels

High-cost - Low returns — High risk
Major greenhouse gas impacts

Pay for 100 get less than 10

Greenhouse gas levels
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Range of Potential Impacts

Projected Impacts of Climate Change
Global temperature change (relative to pre-industrial)
2°c 3:c 5

0°C 1°C
Food Falling crop yields in many areas, particu:
developing regions
Possible rising yi Falling yields in
developed regie

'some high latitude ¢

Water Significant decreases i}
bowiies Mediterranean and Sol threatens major.

several areas.

Ecosystems
Extensive Da Rising number of species face ext
to Coral Rex -

Events
Risk of Abrupt and i ing ke

Increasing risk of dangerous
Major Irreversible abrupt, lerge-scale'shilistas
Changes
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Extreme
Weather Rising intensity of storms, forest fires, droughts,

“Stern Review|

Global GHG Stabilization Levels
Risks of warming ranges - 2050

Stabilisation and Commitment to Warming

5% 400 ppm CO,e  95%
————— e .
450 ppm COe
1 —_———

1% of GDP to 550 ppm CO,e

stabilize here

650ppm CO,e

-—
750ppm CO,e

-—

Eventual temperature change (relative to pre-industrial)

o0°c 1°C 2°c 3c a°Cc 5°C

10 to 20% of GDP to fix damage
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“Stern Review|

Pricing Greenhouse Gas Reductions
Legislative uncertainty

Pricing 08 -10-16 for Dec 2008 delivery

16/0c 08 18:4200

European Trading

Scheme* (ETS)
$29.97 | EAU***
€22.20 | EAU 2012-2020 Estimates
Nicholas Inst: ~ $16.46 ~ $26.70
NAIM: $32.22 ~ $97.43
Chicago Cl(imate EIA: $33.75 ~ $61.35
Exchange (CCX)
$ 1.75/ CFI**
€1.30/CFI

$ per metric ton CO2

NE Regional Greenhouse Gas Initiative
Auction : $3.07 / €2.27 /metric ton CO2

What value do we assume?

»*Carbon Financial Instruments *+Emission Allowance Unit
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Essential to Change the Thinking
From service to fuel

100% of total energy
B D e D snniion S conesion R e 4§

‘ Integrated Energy Supply Chain

Key questions
“How much energy is really needed?”
“How to minimize greenhouse gas emissions?”

Multi-Decade Integrated Energy Master Plan

Optimize investments between efficiency, distribution, conversion, fuel
Sustained consistent approach

Pay for 100 get 30 to 50 !
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Copenhagen, Denmark
Long-Term Master Plan

1973 highlights energy vulnerability
Long-term energy master plan
Building efficiency

District heating and cooling

Multiple Energy sources

Coal, municipal waste, biomass,
natural gas, wind, PV, industrial heat
recovery

Transport

Energy and climate benchmark
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Mannheim, Germany
Low cost, clean, technically flexible

Energy use reduction

Energy zoning

Multiple heat & power
sources

Coal, municipal waste,

biomass, natural gas, wind, PV
Multi-utility structure

University fully integrated

Can we apply frame to Campus?
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Owens Community College, Ohio
Concern over Energy Costs and Risks

20,000 Students

Average Buildings

Reactive Energy Management
Stand-alone Heating and Cooling
Limited Controls

Limited Sub-metering

New State Energy Law

Need for Energy Master Plan
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Integrated Energy Master Plan
Long-Term through 2030

Master Plan Goals

Breakthrough energy efficiency

Breakthrough greenhouse gas reduction
Reduce risks of future energy pricing

Reduce risks of future emissions costs
Improve energy supply reliability

Flexibility to serve planned expansions
Flexibility to add new technologies

Exceed requirements of Ohio House Bill 251
Role model students, community, Ohio & USA

All will be met
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Cost sets off the alarm
2007 Energy Overview versus 2004

site uityused | 2% | ws KWh, % kWh,
Toledo Campus Gas $593| 21% 13,165,586 36%
Electricity $1,815| 66% 17,058,726 46%
Toledo Total $2,408 | 87% 30,224,312 82%
Findlay Campus Gas $116 4% 3,440,265 9%
Electricity $ 235 9% 3,222,157 9%
Findlay Total $351| 13% 6,662,422 18%
OCC Total $2,759 | 100 36,886,734 100%

Electricity use 7% higher
Electricity cost 9.5% higher
Gas use 5% lower

Gas cost 83% higher

Total energy used 1.3 % higher
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Compare Energy Performance
Benchmark with Austrian Colleges

OCC Total energy index
438 kWh,/m?/year

110% higher than A average
Heat

OCC Heating index
e Average | 211 kWh,/m?/year

60% higher than average

OCC Electricity Index
227 kWh,/m?/year
180% higher than average

Substantial energy efficiency potential

© Garforth International llc

Efficiency, Metering and Control Investment
Existing and New Infrastructure

Establish baselines

Evaluate energy conservation measures
4.5M Building Upgrades

$1.1 M Metering and Control

Efficiency gains up to 36%

New buildings meet EU performance levels
Transportation impacts in next phase

Efficiency — The first supply
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Evaluate Heat Distribution Options

Gain control

Cut excess capacity
Ready to serve growth
Flexible to add renewable
Flexible to add CHP

Island 1

Education Platform

m«z
Emmmm—
Efficiency through Integration
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Evaluate On-Campus Supply Options
High efficiency — Low greenhouse gas

Natural Gas Wood chips
Very Low GHG Zero GHG

Campus Network

2 x 340 kW heat

2 x 225 kW electricity
Supplement with
existing boilers

Campus Network
1 x 1600 kW heat

Supplement with
existing boilers
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Evaluate On-Campus Supply Options
Choices Assessed and Deferred

Wind power generation

Poor wind quality

Low economic returns

Could include for educational or outreach reasons
Solar Photovoltaic

Poor sun quality

Low economic returns

Could include for educational or outreach reasons

Should be regularly reassessed
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Evaluate On-Campus Supply Options
Choices Assessed and Deferred

Geothermal Heating and Cooling

Not cost effective on existing buildings

Could be integrated in future with district heating
District Cooling

Unacceptable returns
Extensive Wall Re-insulation

Unacceptable returns

Should be regularly reassessed
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Integrated Analysis Results
Conservative Energy Cost Scenario

o — Invest NPV IRR co, co,
SM $M % MT 9% reduce

1| statws quo 19,400

2 | Gain Control $1.00 $7.73 | 33% 16,900 13%

3 | Add Efficiency $5.40 $8.00 | 18% 13,500 30%

4 | 2islands CHP $6.59 $8.19 | 16% 11,600 40%

5 | 2island Bio $6.91 $8.70 | 17% 11,800 39%

6 | Linkislands CHP $6.62 $8.32 | 16% 11,600 40%

7 | Linkislands Bio $7.09 $8.75 | 16% 11,700 40%

8 | Campus CHP $6.89 $8.15 | 15% 11,300 42%

9 | campus Bio $7.55 $8.66 | 15% 11,300 42%

Zero greenhouse gas value
Modest gas and electricity price increases
Mid-range regulations for CHP

No clear decision emerges
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“Climate Risk” Scenario
Alternative Assumptions

Scenario

Federal Climate Regulation by 2012

Higher State support distributed/renewable energy
Energy Price Escalation

Electricity increases by 8 % not 5%

Gas increases by 7% not 5%

Biomass $20/MWh by 2009 — increases at 10%
Emissions pricing

CO, allowances $20 in 2010 - increase by 12%
Distributed Energy Supports

CHP electricity valued at full retail value
Financing available at 5.25%

Many anticipate even greater impacts
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Assessing Future Value
Climate Risk Scenario

o [ w2 [l
1 Status quo 19,400
2 Gain Control $1.00 $13.63 41% 16,900 13%
3 Add Efficiency $5.40 $17.94 25% 13,500 30%
4 2 islands CHP $6.59 $23.72 26% 11,600 40%
5 2 island bio $6.91 $20.65 24% 11,800 39%
6 Link islands CHP $6.62 $24.11 26% 11,600 40%
7 Link islands bio $7.09 $20.78 23% 11,700 40%
‘ 8 | campus cCHP $6.89 | $24.66 | 26% | 11,300 | 42% -
9 Campus Bio $7.55 $20.75 22% 11,300 42%

Recommendation for approval by Trustees
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Investment Cash Flows

Control il
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Conservative Climate Risk

Biggest Risk is to do Nothing!
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Owens Community College
2014 Recommendations

Energy efficiency gain
Recommendation  30%

Greenhouse gas reductions
Recommendation  42%

Internal Rate of Return (IRR)
Recommendation  15% to 26%

Solid Base for Continuous Improvement
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Rocket Science it is not!
Trias Energetica / California Loading Order

Efficiency - If you don’t need it don't use it
Heat Recovery - It it's already there — use it
Cogeneration — Why waste fuel at power plant?
Renewable energy - If realistic, go carbon free

Team with utilities — Invest where it makes sense

Does the Campus Stop at the Fence?
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University of Bremen
Engineering Building

Energy — 80 kWh /m?/year
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Just across the Street...
City Waste to Campus Energy

Cost and greenhouse gas reduction
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“Guelph

A Role Model

Guelph Community Energy Plan
Vision

Guelph will create a

healthy, reliable and
for sustainable energy
Community future by continually
increasing the
Energy effectiveness of how
= we use and manage
Plannmg our energy and water
resources.
© Garforth International llc
Guelph Guelph Community Energy Plan

Growing mid-sized city 100 km from Toronto
115,000 today; 180,000 in 2031
Sustainability a key principle of growth
Teamed to develop Community Energy Plan

University, City, Chamber of Commerce, Utilities, Citizens
Groups, Global Experts

owmano | Quesec
- Qubbec
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Aggressive 2031 Targets

Sector 2005 GWh,/yr | 2031 GWh_/yr 2005 2031
MWh /cap MWh /cap
Residential 1,610 1,473 14.00 8.18
Commercial 1,046 1,076 9.10 5.98
Industrial 1,631 1,848 14.18 10.27
Transport 1,743 1,126 15.16 6.26
Total (Net) 6,030 5,523 52.44 30.68
Electrical conv. 2,445 612 21.26 3.40
Total (Gross) 8,475 6,135 74.04 34.08

City grows from 115,000 to 180,000 people
Greenhouse Gas Per Capita:
7.0 Tonnes in 2031 from 16 Tonnes in 2005
Slightly lower than Germany and Sweden today

Results reported at every Council Meeting
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Guelph Community Energy Plan
Prioritized strategies 2007-2031

Above-Code efficiency standards

Energy Performance Label — EU approach
Transport efficiency

District Energy

Large scale bio-mass and PV

New multi-utility supply company
Immediate start on 4 “Scale Projects”

University Key Component

© Garforth International llc

Getting Started...
Scale Projects with own Master Plan

Campus Master Plan
Efficiency gain
GHG reduction

University of Guelph Oversized CHP

Link to heat York District Downtown
New courses

York District
South End Employment Lands
Industrial Lands
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Next Generation Energy Management
“Strategic” vs “Tactical”

Campus Energy Master Plans in place
Trustees & University Leadership committed
Management empowered and resourced
Energy and climate risk management in place
Continuous improvement as a way of life

Take the Lead in Community
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Next Generation Energy Management
“Strategic” vs “Tactical”

Operate for least cost and least carbon
Mitigate future risks
Faculty, Staff and Students engaged

Complete the circle by integrating a wider and
deeper community plan

Curricula redesigned and repositioned

Take the Lead in Community
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Visualize the Invisible
Seen this week in Berlin...

“Successful CO, - Building Renovation”

“Eternal Clock”
Publicly keeping score
547,020 apartments renovated
€9.5 Bn state investment
€10.5 Bn total investment
16,541,644,612 kWh less energy
4.17 M MT less CO2
€894 M less heating costs
Engages wider community
Environment and cost benefit

Mitigate Photo -Op Greenness!
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Thank you!

“Only Use what you Need, When you Need it,
In the Amount Needéd!
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