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New Global Energy Realities
Growing Impacts on USA

� Highest energy prices in history – 14% of GDP
� Sustained volatility and upward trends likely
� Globalizing prices

� Dependence on imports
� Oil (70%) and natural gas (16%)
� EU – more than 50% of all energy

� Climate change legislation
� Tighter regulatory frameworks emerging in EU
� Lieberman-Warner–Boxer Bill or similar likely by 2012
� Uncertainty over compliance costs and requirements

� Underinvested North American energy infrastructure
� Electricity grid
� Rail for coal transport
� Natural gas terminals

� China and India major new energy customers
� Major impacts on primary fuel prices

� Trigger events – blackouts, hurricanes, tornados ….

Fundamentally different from pastFundamentally different from past
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Perfect Energy Storm 
When fears collide…

Growing awareness Growing awareness –– Growing OpportunityGrowing Opportunity

Rising PricesRising Prices AvailAvailability

Climate ChangeClimate Change
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What we pay for What we pay for 
Gas, Electricity,Gas, Electricity,

Petrol....Petrol....

Energy weEnergy we
useuse

Energy weEnergy we
wastewaste

11% of World GDP11% of World GDP

Global Cost of Energy

$ 7.0 Trillions$ 7.0 Trillions

USA about $2.0 Tn (14% of GDP)
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Energy Productivity Differences 
How well do we spend our $ 2 Trillion?

*Various US/EU Sources – 2006 sources

Key to CompetitivenessKey to Competitiveness

604715.9%31.1%7.5%EU

8122100%100%100%World

29164.7%2.0%17.1%India

3121715.0%6.1%20.0%China

67544.6%8.1%1.9%Japan

10010020.5%25.9%4.6%USA

Energy
/GDP

Energy
/Capita

EnergyGDPPopulation Region
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Total US Energy Use

Source: US DoE EIA

Largest User is BuildingsLargest User is Buildings

Buildings
38.7%

Industry
33.25%

Transport
27.79%

CoalCoal

GasGas

Domestic OilDomestic Oil

Import OilImport Oil

UraniumUranium

RenewableRenewable

HomesHomes

CommercialCommercial

IndustryIndustry

TransportationTransportation
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Effectiveness by Sector
How well do we use our energy?

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

Major potential for efficiency gains!Major potential for efficiency gains!
*Indicative ratio of US average to global best practice

Transportation*

Buildings*

Industry

(1.4 : 1)*28%

(2.5 : 1)*39%

(1.2 : 1)*33%
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Dysfunctional Energy Supply Chain
From Fuel to Service

70% of total energy70% of total energy 30% of energy30% of energy

Service
Buildings
Processes

Efficiency

Pay for 100 get less than 10Pay for 100 get less than 10

DistributionConversionFuel

Gas

� High-cost approach with low returns
� High future risks
� Major greenhouse gas impacts

DistributionConversionFuel

Electricity

DistributionConversionFuel

Other Fuels
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Greenhouse gas levels 
160,000 yrs* of ice core data

* John Houghton – UK Met Office et al

TodayToday

2050 Business as Usual2050 Business as Usual

Stabilization level? 2050Stabilization level? 2050
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Anthropomorphic Greenhouse Gas emissions
70% from Energy Use

Waste
3%

Buildings
8%

Transport
14%

Industry
14%

Energy-Other
5% Agriculture

14%

Land use
18%

Power-Ind
12%Power-Bldg

12%

����������� 	
 � �

Risks and OpportunitiesRisks and Opportunities

© Garforth International llc

Range of potential impacts

*Stern Review © Garforth International llc

Global GHG Stabilization Levels 
Risks of Warming Ranges - 2050

1% of GDP to
stabilize here

1% of GDP to1% of GDP to
stabilize herestabilize here

*Stern Review

10 to 20% of GDP to fix damage10 to 20% of GDP to fix damage
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Pricing Greenhouse Gas Reductions
Legislative Uncertainty

*PointCarbon.com

European Trading 
Scheme* (ETS)

$ 31.70 / EAU***
€ 22.64 / EAU

European Trading 
Scheme* (ETS)

$ 31.70 / EAU***
€ 22.64 / EAU

What value do we assume?What value do we assume?

Chicago Climate 
Exchange (CCX)

$ 1.80/ CFI**
€ 1.29 / CFI

Chicago Climate 
Exchange (CCX)

$ 1.80/ CFI**
€ 1.29 / CFI

€ per metric ton CO2

$ per metric ton CO2

**Carbon Financial Instruments ***Emission Allowance Unit

Pricing 08Pricing 08 --0909--30 for Dec 2008 delivery30 for Dec 2008 delivery

NE USA Regional Greenhouse Gas Initiative 

Auction : $3.07 / €2.19 /metric ton CO2

NE USA Regional Greenhouse Gas Initiative 

Auction : $3.07 / €2.19 /metric ton CO2

Nicholas Inst: $16.46 ~ $26.70

NAIM:   $32.22 ~ $97.43

EIA: $33.75 ~ $61.35

20122012--2020 Estimates2020 Estimates
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Service Process Distribution Conversion �Fuels

Integrated Energy Supply Chain

Essential to change the thinking
From Service to Fuel

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

� Optimize investments between efficiency, distribution, 
conversion, fuel

Pay for 100 get 30 to 50 !Pay for 100 get 30 to 50 !

100% of total energy100% of total energy
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Lakeland Community College
Taking the lead in 2005

� College leaders saw opportunity
� Set clear goals

� Less current and future energy cost
� Improved energy supply reliability
� Minimized environmental impact of 

greenhouse gases creation
� Be role model for students, the 

County, State and Nation
� Sourced global expertise
� 20-year plan

� Building upgrades
� Control and distribution
� Alternative sources

� Good outcomes
� Total investments $6M
� Net Present Value $9K
� 25% Internal Rate of Return
� Reduce 7,000 tons greenhouse gas

Set the stage for new Ohio LegislationSet the stage for new Ohio Legislation
© Garforth International llc

Ohio House Bill 251
Advanced Energy Law

� Passed December 14th 2006
� Institutions of Higher Education reduce 

energy use 20% relative to 2004 by 2014
� Define minimum energy efficiency standards 

for all expansions and leasing
� Incorporate energy efficiency best practices
� Each Board to develop 15 year energy 

efficiency and conservation plan
� Report regularly to Board
� No greenhouse gas reduction requirements

Similar pressures coming in all StatesSimilar pressures coming in all States
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Owens Community College
Integrated Energy Master Plan

Preliminary Recommendations

Toledo, June 2008

© Garforth International llc

Feasibility Study
The Team Structure

Global Perspective Global Perspective –– Local ExpertiseLocal Expertise

Garforth International llc
Energy Productivity Solutions

Garforth International llc
Energy Productivity Solutions
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Owens Community College
Integrated Energy Master Plan

� Improve energy efficiency
� Reduce impact of future energy pricing
� Improve energy supply reliability
� Flexibility to grow with the anticipated extensions
� Flexibility to add new technologies as they emerge
� Minimize greenhouse gas creation
� Take long-term perspective through 2030
� Exceed requirements of Ohio House Bill 251
� Role model students, community, Ohio & USA

Objectives will all be metObjectives will all be met

Assessment ObjectivesAssessment Objectives
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Toledo Campus overview

� Buildings from 1968 to 2003
� Individual heating and cooling 

systems for each building
� Significant heating overcapacity
� No centralized automated 

building management system
� Limited scheduling and 

occupancy management
� Good sub-metering for gas
� Limited sub-metering for 

electricity
� High plug loads
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Owens Community College
2007 Energy Overview

� Energy relative to 2004
� Electricity use 7% higher 
� Electricity cost 9.5% higher
� Gas 5% lower 
� Gas cost 83% higher
� Total energy used1.3 % higher 

Site Utility used
Costs
$K[1] % $ kWh e

[2] % kWh e

Toledo 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 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%
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Owens CC Energy Use
Benchmark Example - Austrian Colleges

� OCC Total energy index
� 438 kWhe/m2/year
� 110% higher than average

� OCC Heating index
� 211 kWhe/m2/year
� 60% higher than average

� OCC Electricity Index
� 227 kWhe/m2/year
� 180% higher than average

Substantial energy efficiency potentialSubstantial energy efficiency potential

Owens Community College Toledo

Owens Community College Findlay

� Electricity
� Heat
� Electricity
� Heat

AverageAverage
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Establish Energy Baseline
College Hall Example

Electric Consumption (kWh) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool 450 2283 6623 48343 130219 174495 193784 164829 132489 70149 18999 4508 947171
Vent. Fans 29293 24328 18028 16287 16329 14892 14176 13277 14946 14777 13233 24791 214356
Pumps & Aux. 12674 10851 11174 10501 10180 9674 10088 9537 9628 9859 9307 12796 126270
Misc. Equip. 152389 156663 138520 144833 179866 123596 88094 88050 148908 179866 158447 96902 1656135
Area Lights 54007 55903 48812 51277 64296 43182 29626 29608 52747 64296 56371 33227 583353
Total 248813 250028 223158 271240 400889 365840 335769 305302 358719 338947 256357 172223 3527285

Gas Consumption (kBtu) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Heat 2355375 1820100 1098478 679382 83096 54661 49228 66080 82129 228180 509239 2012404 9038352
Hot Water 117553 125918 110268 113428 131552 79375 47656 45625 87083 111712 105778 68533 1144482
Total 2473514 1946637 1209269 793364 215364 134494 97173 111995 169785 340608 615637 2081266 10189103

Electric Demand (kW) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Space Cool 0 107.2 242.1 407.8 630.3 663.7 578.7 522.7 603.6 561.7 258.4 275.2
Vent. Fans 69.5 28.6 30.6 39.1 44.3 44.1 28.8 28.6 46.4 44.1 32.7 30.5
Pumps & Aux. 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5
Misc. Equip. 466 463.2 463.9 466 463.2 463.9 208.4 209.3 463.9 466 466 463.9
Area Lights 169.1 169.1 169.1 167.7 169.1 169.1 73.3 72.8 169.1 167.7 167.7 169.1
Total 723.1 786.6 924.2 1099.2 1325.4 1359.4 907.7 852.1 1301.5 1258.1 943.4 957.3

Gas Demand (Btu/h) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Space Heat 6641404 6621899.5 6355115 6249963 926490.31 889396.31 936999.63 1125447.13 1238565.5 2284800 4926971 6556757.5
Hot Water 320573.09 333354.59 229907.41 106751.18 208323.77 192432.95 19262.19 18858.72 169620.66 33899.11 91050.18 23152.58
Total 6962534.5 6955811.5 6586625.5 6359710.5 1136416.88 1083432 956278.44 1144317.38 1409788.88 2320162.5 5021017.5 6579915

Bldg Area (m2) 12,500       
Source Load (Energy)
Space Cooling (kBtu) 428.63 3633.9299 11670.79 137891.844 544327.5 850122.125 938146.375 767235.688 558445.563 250603.516 46046.0703 11444.2793 4119996
Space Heating (kBtu) 1834778 1387800 784033 459372 26154 15177 16290 26779 32799 109007 302772 1559156 6554117
Domestic Hot Water (kBtu) 70518 75536 66148 68043 78915 47615 28588 27370 52239 67014 63454 41112 686551

Source Demand (Power)
Space Cooling (kBtu/hr) 132.9         457.5         801.8         2,174.6      3,465.3      3,812.3      3,017.8      2,740.1      3,067.1      3,029.2      1,408.5      1,096.5      
Space Heating (kBtu/hr) 5,409.6      5,393.4      5,204.7      5,065.9      440.6         436.1         348.9         620.8         823.6         1,623.8      3,833.6      5,325.1      
Domestic Hot Water (kBtu/hr) 192.3         200.0         137.9         64.0           125.0         115.5         11.6           11.3           101.8         20.3           54.6           13.9           

EUI Kwh/m2
76
17
10
132
47
282

212
27
239

0.053
0.006
0.001
0.037
0.014
0.109

0.156
0.008
0.163

EUI kWh/m2
97
154
16

Max kW/m2
0.090           
0.127           
0.005           

Develop Energy EndDevelop Energy End --Use Profiles Use Profiles 

End UsesEnd Uses
NeedsNeeds EnergyEnergy

IndexesIndexes

SeasonalSeasonal
PatternsPatterns

Spot anomaliesSpot anomalies
e.g. high plug loadse.g. high plug loads
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Viable Efficiency Measures 
College Hall Example

� Upgrade roof insulation to at least R25
� Eliminate thermal shorts in roof 

structure and window sills where 
possible

� Selectively replace windows
� Install occupancy sensors
� Implement daylighting control in 

atrium, corridors, Office of Enrollment 
Services…

� Realign and repair doors to reduce 
infiltration

� Selectively add vestibules to high 
usage doors

� Reduce plug load with staff/student 
awareness program

� Manage heating, cooling and lighting 
according to scheduled needs

Behavioral and Investment BasedBehavioral and Investment Based
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Efficiency and Control Investments 
Toledo Campus

Roof 1 Window 2 Seal 3 Light 4 Daylighting
Bldg # Year Built Area Area $/ft2 $/ft2 $/ft2 $/ft2 $/ft2

Building ft² m² $8.51 $2.10 $1.15 $2.00 $2.50

1 College Hall 1972, 83, 93 134,551 12,500 858,772 282,557 154,734 201,827 33,638
2 Computer Tech 1973 1,872 174 15,931 3,931 2,153 3,744 468
3 Administration Hall 1983 26,025 2,418 110,736 0 29,929 39,038 6,506
4 Health Technologies Hall 1974 42,457 3,944 90,327 89,160 48,826 84,914 10,614
5 Bicentenial Hall 1976 18,113 1,683 154,142 38,037 20,830 36,226 4,528
6 Child Care 1983 14,005 1,301 119,183 0 16,106 14,005 3,501

7 Alumini Hall 5 1974 36,319 3,374 0 0 0 0 0
8 Facility Services 1968 32,708 3,039 55,669 68,687 37,614 32,708 8,177
9 Transportation Tech 1978 89,997 8,361 153,175 188,994 103,497 89,997 22,499
11 Engineering Tech 1988 43,823 4,071 372,934 92,028 50,396 43,823 10,956
12 Library 1996 30,887 2,869 0 0 17,760 30,887 7,722
13 Audio Visual 1996 33,560 3,118 0 0 19,297 33,560 8,390
14 Math Science 1997 41,951 3,897 178,502 0 24,122 41,951 10,488
15 Student Health 2000 92,268 8,572 0 0 53,054 92,268 23,067
16 CFPA 2003 74,396 6,912 0 0 42,778 0 18,599
19 Law Enforcement 1994 35,776 3,324 0 0 20,571 35,776 8,944
24 Workforce & Comm. Serv.1974 53,994 5,016 459,489 113,387 62,093 107,988 13,499

Toledo Campus Total 802,702 74,573 2,109,369$   763,394$      641,666$      780,723$      178,097$      
Total Cost 4,473,249$   

Cost/ft2 5.57             

Efficiency Gains from 22% to 36%Efficiency Gains from 22% to 36%

Campus-wide Building Management & Metering system: $1.1M
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District Heating Recommendation
Cut inefficient capacity / add low CO2 supply

Efficiency through Integration Efficiency through Integration 

1 College
    Hall

3 Admin
    Hall

4 Health
  Tech

5 Bicentennial
       Hall6 Children

   Care

1

2

Supply option for
Penta area

4

3

5

6

7

12 Library

13 Audio/ 
   Visual

14 Math/ 
 Science 15 Student 

   Health

16 CFPA

CHP/
Biomass

11 Engineering
Tech

9 Transportation
Tech

8

9
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Assessed Local Energy Sources
High efficiency – Low greenhouse gas

� Natural Gas
� Very Low GHG
� Campus Network

� 2 x 340 kW heat
� 2 x 225 kW electricity

� Supplement with 
existing boilers

Combined Heat and PowerCombined Heat and Power

� Wood chips
� Zero GHG
� Campus Network

� 1 x 1600 kW heat
� Supplement with 

existing boilers

Biomass HeatBiomass Heat
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Options 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

� 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 Should be regularly reassessed 
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Analysis Results
Conservative Energy Cost Scenario

# Scenario
Invest

$M
NPV
$M

IRR
%

CO2
MT

CO2
% reduce

1 Status 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 2 islands CHP $6.59 $8.19 16% 11,600 40%

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

6 Link islands CHP $6.62 $8.32 16% 11,600 40%

7 Link islands 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%

No clear decision emerges No clear decision emerges 

� Zero greenhouse gas value
� Modest gas and electricity price increases
� Mid-range regulations for CHP
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Another Scenario
“Climate Risk Scenario”

� US passes Climate Change legislation
� Lieberman-Warner-Boxer S2191 Climate Security Act
� Cap-and-Trade regime CO2 emissions
� Regulates industry and electric utilities’ emissions
� EU accepts US Carbon credits

� Ohio Energy Bill SB 221
� Combined Heat and Power and renewables supported

� Possible impacts for College
� Electricity price increase due to high CO2 content in Ohio
� CO2 reductions have $ Value
� Overall demand increases natural gas price
� Biomass becomes attractive as low-carbon fuel
� CHP electricity has higher value

Changes the assumptions Changes the assumptions 
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“Climate Risk” Scenario
Alternative Assumptions

� Electricity increases by 8 % pa not 5%
� Gas increases by 7% pa not 5%
� CO2 allowances enter market at $20  in 2010 

and increase by 12% pa
� Biomass becomes a zero carbon fuel of 

choice and hits $20/MWh by 2009
� Biomass increases by 10% pa not 13% pa
� CHP electricity valued at full retail value
� CHP grid sales increase by 8% pa
� Discount rate remains 5.25%

Many anticipate even greater impactsMany anticipate even greater impacts
© Garforth International llc

Assessing Future Value
Climate Risk Scenario

Basis for Recommendation Basis for Recommendation 

# Scenario
Invest

$M
NPV
$M

IRR
%

CO2
MT

CO2
% reduce

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 CHP $6.89 $24.66 26% 11,300 42%

9 Campus Bio $7.55 $20.75 22% 11,300 42%
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Investment Cash Flows

-3,500,000 US$

-1,500,000 US$

500,000 US$

2,500,000 US$

4,500,000 US$

6,500,000 US$
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20
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20
30

Investment BMS system Annual service costs Accompanying management and energy saving promotion Energy savings

IRR
NPV $8,000,000 

18%

-3,500,000 US$

-1,500,000 US$

500,000 US$

2,500,000 US$

4,500,000 US$

6,500,000 US$

20
09

20
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11

20
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20
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20
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20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

Investment BMS system Annual service costs Accompanying management and energy saving promotion Energy savings

IRR
NPV $17,940,000 

25%
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Conservative Climate Risk

-3,500,000 US$

-1,500,000 US$

500,000 US$

2,500,000 US$

4,500,000 US$

6,500,000 US$

20
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20
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20
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20
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20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

Investment BMS system Annual service costs BMS Accompanying management and energy saving promotion Energy savings

15%IRR
NPV $8,150,000 

-3,500,000 US$

-1,500,000 US$

500,000 US$

2,500,000 US$

4,500,000 US$

6,500,000 US$
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20
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20
17

20
18

20
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20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

Investment BMS system Annual service costs BMS Accompanying management and energy saving promotion Energy savings

26%IRR
NPV $24,660,000 

Control 
and 

Efficiency

Control Control 
and and 

EfficiencyEfficiency

Campus
Network
with CHP

CampusCampus
NetworkNetwork
with CHPwith CHP

Biggest Risk is to do Nothing! 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%

Significant upside potential existsSignificant upside potential exists
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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?Does the Campus stop at the Fence?
© Garforth International llc

University of Bremen
Engineering Building

Energy Energy –– 80 kWh80 kWh ee/m/m22/year/year
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Just across the Street…
City Waste to Campus Energy

Cost and greenhouse gas reductionCost and greenhouse gas reduction
© Garforth International llc

Next Generation Energy Management
“Strategic” vs “Tactical”

� Rigourous energy management is a given
� Faculty, Staff and Students engaged
� Energy management is empowered and

resourced
� Energy and climate risk management in place
� Operate for least cost and least carbon

� Curriculum redesigned and repositioned

Take the Lead in CommunityTake the Lead in Community
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And if all else fails….!

…… use the efficient vehicle!use the efficient vehicle!
© Garforth International llc

Thank you!


