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The Forms of Energy We Use
Us Energy Consumption by Resource

Source: Annual Energy Outlook 2006, Energy Information Administration.
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The major forms of energy consumed in the US in Btu Equivalents



How We Use Our Energy
US Energy Consumption by Sector

Source: Annual Energy Outlook 2006, Energy Information Administration.
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Annual Btu Equivalents by Use Sector



Typical  Electric Power Sources 

Biomass
Coal
Diesel
Efficient Resources
Hydroelectric
Jet
Landfill
Municipal Waste
Natural Gas
Nuclear
Oil
Imported Power
Trash to Energy
Wood

Natural Gas 31.8 %

Nuclear 27.5 %

Coal 11.2 %

Hydro 4.7 %

Imported Power 12.4 %

Oil 3.8 %

These six Energy Forms = 91.5 % 
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NGRID Electric Power Sources – The Disclosure Label



Building New Supply Cost vs. Efficiency
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Per unit cost of Electric Energy in   $/MWh, Supply vs. Efficiency.



Energy Fundamentals

Common Units of Measurement
• Electricity ‐ kilowatt (kW); kilowatt‐hour(kWh)

• Natural Gas ‐ cubic foot, therm, Dth

• Fuel Oil ‐ gallon 

• LPG ‐ gallon

• Water & Sewer – CF, HCF, Kgals. 
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Most units of measure for utilities



Energy  Content

British Thermal Unit, Btu
1 Btu =  Heat required to raise the temperature of 1 
pound of water by 1 degree F

or
1 match

Common thermal unit in most building energy 
analyses

Raised 1 degree Fahrenheit 1lb.
Water
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Btu – Energy Common Denominator
All Energy Sources can be equated to Btu Equivalents 



More Energy Terms

R‐value and U‐value:

R-value is the resistance a material has  to heat flow.

U-value is a measure of  a material’s conductivity of  heat.

R-value = 1/ U-value

How they relate:
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Keeping units straight is very important to analyzing energy usage. For instance, U-value units are BTU/hr/degF/Ft2. From the units, you know what things you need to measure.

BTU 	energy allowed to pass through the material
Hr	 	use over time
DegF 	temperature difference from one side of a material to the other
Ft2		 surface area of the material.




Energy Thermal Values

Natural Gas
1 Cubic Foot = 950 to 1150 Btu
1 CCF = 100 Cubic Feet
1 MCF = 1,000 Cubic Feet
1 Therm = 100,000 Btu
1 CCF is approx 1 Therm

Fuel Oil
Kerosene = 134,000 Btu/Gallon
Number 2 = 140,000 Btu/Gallon
Number 6 = 152,000 Btu/Gallon

Propane
LPG = 91,600 to 95,000 
Btu/Gallon

Steam
10 PSIG= 1000 Btu/Lb.
100 PSIG = 1100 Btu/Lb.

Coal
Lignite = 11,000 Btu/Lb.
Bituminous = 14,000 Btu/Lb.

Electricity
1 kW = 1000 Watts
1 kWh = 3413 Btu

Miscellaneous
Wood = 8,500 Btu/Lb
U235 = 75,000,000 Btu/gram
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Thermal Energy Values

Session II Next week we will see how these values are used in our own utility billing
and how to translate these values into savings.



Relative Energy Potential of Liquid Fuels

– All internal combustion engines operate on the heat produced by the combustion of the fuel.  
– The higher the British Thermal Unit “BTU” value per gallon, the less fuel is required to produce 

the required heat or power.
– Diesel produces 5.52 times as much energy as CNG and is more efficient.
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LNG
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BTU's per Gallon
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An Energy Management Plan, What is it ?

A must have tool !

It is a means of measuring and tracking utilities !
People oriented non retrofit program.
An educated approach to utility use & procurement
Achievable by any organization 
The plan typically yields a 10% utility  savings

It is Accountability
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BOC 101 Building Over View – Maintaining Facilities with Energy Conservation in mind.
BOC 102 Energy Conservation Techniques- Energy Management Planning, Tracking, Data Acquisition Modeling and Bench Marking .
BOC 201 Preventative Maintenance – O & M Planning with Energy Conservation in mind. 
Most Importantly it is accountability



“The foundation of sound and sustainable energy management plan”

“You can’t manage what you have not measured.”
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Measurement and verification, building a baseline



What can you manage and control?

You have no control over cost

You do have control over consumption
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Energy Management Planning 

Understanding & Tracking Utility Bills

Its Controlling Consumption
You Really Have No Control Over Unit Cost
Small investment, big savings opportunity

Energy efficiency measures

Calculating the value of energy efficiency
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Session II

Areas of Focus 

Passive measures - The Low hanging fruit
Calculating results



Reducing Consumption & Increasing Savings

The Natural Progression 

• Develop an Energy  Management Plan
• Building Survey or Audit
• Understand your Energy Use Profile
• Track Utility Data
• Low Hanging Fruit 
Trim  operating conditions & times
Building Envelope
Mechanical Systems O & M

• Energy Conservation Measures, ECM’s
• Renewable Alternative Energy Resources 
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Low cost, no cost, measures 
Low hanging fruit 



Small Investment Big Savings

Measurement & Verification
Energy Efficiency Measures 
Orientation
Insulation & Weatherization – infiltration,
R‐value, U‐value
HVAC Efficiency ‐ EER, SEER
O & M Procedures
Filtration
Lighting & Appliances – Energy Star
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What you Need to Know
What you can do



Energy Accounting

Steps of Energy Accounting
• Determine energy supply
• Collect and organize building utility and physical data
• Calculate initial building performance indicators
• Analyze and account for energy consumption trends
• Identify areas for potential improvement

Reduced Consumption

=

Over Time

Presenter
Presentation Notes
Energy accounting is the term used to describe a formal process of providing long term organization and monitoring of utility cost and consumption data. Energy accounting is a system for tracking energy use and using that information to control energy costs.  It is essentially bookkeeping for energy management and is the cornerstone of good energy management.
The basis of energy accounting is recording and/or collecting the energy use data for your building. Energy accounting generally involves recording fuel and electrical consumption during various periods and developing standardized indices of consumption.  If necessary this data may have to be adjusted to account for changes in weather, occupancy patterns, production rates, or other variables which may impact consumption. 
By analyzing the data further, it is possible to identify relationships between energy use and any variables such as occupancy floor area, and outdoor temperatures. Once seasonal patterns are established, any month’s energy use that doesn't fit the pattern will signal that some change in business activity or energy efficiency has occurred. In this way, potential problems such as equipment failures can be identified and remedied sooner.



Why Do You Need A Plan

It allows you to see were, when & how
You use energy
How efficient you are
Identifies areas of concern
The basis for repairs 
Utility budget forecasting
Project Planning & Commissioning
Grant Opportunities
Renewable Energy Projects 
Environmental Impact
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This is your map to effective energy conservation and management
 



Building Surveys

Surveys involve simple gathering of 
information about existing lighting systems.

Check existing conditions & look for potential 
for simple lighting improvements.

Collect and analyze min amount of data.

Estimate (not measure) fixture watts, hours‐
of‐use, square footage of area; record 
impressions and notes.

Source: The Handbook of Lighting Surveys and Audits, John Fetters

Presenter
Presentation Notes
Surveys sometimes called walk-through’s.
Simple lighting improvements, such as lamp & ballast upgrades.





Survey Tools

Client Interview Form

Building Occupancy Profile Form

Interior and Exterior Inspection Forms

Facility Layout Graph

Utility Data Acquisition Table & Graph Form
Excel, Portfolio Manager, Energy CAP, Matrix
Utility Manager



Building Audits

A more detailed, systematic evaluation of 
existing conditions & lighting system 
performance

Extensive data collection & analysis of a 
number of upgrade options

Measurements with specialized audit tools 
(light meter, distance meter, data logger,..)

Often performed by consultants for a fee

Source: The Handbook of Lighting Surveys and Audits, John Fetters
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Audit tools may include: “Discriminator ” - distance measuring tool, data logger (records ON/OFF time), light meter.





Diagnostic Tools to Measure 
Energy Efficiency and Performance

Data Loggers
Infrared Temperature vs. Thermal Imaging 
Meggers
IAQ Analysis
Air Flow Measuring
Water Treatment Testing
Light Level Analysis
Noise Measurement
Equipment Oil Analysis
Harmonics and Power Quality Testing
Laser Alignment

Presenter
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Accountability 

Utility bill Tracking and Bench Marking 
Tracking 
Cost
Consumption
Use Trends 
Weather 
History
Budget Projection

• Access, Excel, Energy Cap Pro, Utility Tracker
• Energy Star‐Portfolio Manager or Com Check
www.energystar.gov.
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This is the most critical section
Choose an energy accounting software that fits your plan and needs.



Utility Tracking

Track all utilities within a facility

Electric
Natural Gas & Propane
Oil s– Liquid Fuels  ‐ not a typical utility bill ?
Water
Sewer
Compressed Air
Chilled Water
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Track all utilities and all accounts at each facility
Audit and catalog each facility



Understanding Your Utility Bill

Identify all of your utilities –
Perform a building survey and list all utilities & meters

Reading and understanding the bill
Use – consumption
Demand – rate of consumption
Taxes
Energy Fee
SBF & Energy Conservation Funds
Other Charges
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Perform Survey
Develop a list of all utilities & meters




Rate Structures

Consumption vs. Demand
Energy Consumption
Total electrical energy consumed in a given time 
period.
Measured in kilowatt‐hours (kWh)

Energy Demand
Rate of electrical energy consumption in a 
given time period. 
Measured in kilowatts (kW)

Presenter
Presentation Notes
Before we look at the specifics of utility bills lets discuss electric energy consumption vs. electric energy demand.  This can be and is often a confusing issue.
Your building or facility does not consume energy at the same rate all the time.  There are times during the day when your facility requires that lights, air conditioning, several computers, and process energy all operate at the same time simultaneously.  Other times, perhaps during the week-end or in the early morning, your facility may only be operating some of the lights and perhaps a couple of computers.  
In both cases, energy, measured in kilowatt-hours(kWh), is being consumed.  During the period when all the equipment was running however,  your facility had a higher rate of consumption or required a higher demand.  Demand is measured in kilowatts (kW).  During both periods the utility is measuring the consumption of energy and in fact it is possible that the exact same amount of energy is consumed during both periods.   
Whereas the consumption of electricity (kWh) requires an electric company to provide and charge for the poles, wires, and transformers for a building, it is the demand (kW) that determines the required size of the wires and transformers.  
Lets look at another example involving two motors.





Understanding Your Bill
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Utility Bill Tracking

Fiscal  Year 
2007 

Act. Mtr. Billing Period
Consm

pt Demnd Total $ / Unit $ / Day

Consmpt
/

Day 

Number # Start End
Day

s KWH KW Cost
$ / 

KWH Dollars KWH

E-2466 7298 12/12/06 1/12/07 31 64200 221.4 8,103.65 0.126 261.41 2070.97

E-2466 7298 1/12/07 2/12/07 31 38000 205.2 4,915.02 0.129 158.55 1225.81

E-2466 7298 2/12/07 3/13/07 29 41800 199.8 5,297.65 0.127 182.68 1441.38

E-2466 7298 3/13/07 4/13/07 31 75600 219.6 8,923.84 0.118 287.87 2438.71

E-2466 7298 4/13/07 5/10/07 27 69200 277.2 8,438.88 0.122 312.55 2562.96

E-2466 7298 5/10/07 6/11/07 32 67000 307.8 8,307.67 0.124 259.61 2093.75

Totals 181 355800 238.5 $ 43,986.71 $0.124 $243.78 1972.26
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Act #, Meter #, billing period, consumption, demand, cost
It is also a good idea to track unit cost, Cost per day and consumption per day




Consumption Profile

© 2 0 0 4 ,  2 0 0 1 ,  1 9 9 9

B u i ld in g  D a t a  A n a ly s is
D a t a  P r e s e n t a t io n

C o n s u m p t io n  P r o f i l e s
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Typical consumption profile



Demand Profile 

© 2 0 0 4 ,  2 0 0 1 ,  1 9 9 9
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Typical demand profile



Energy Tracking  & Bench Marking Software
31
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Energy Star Portfolio Manager Home Page



Energy Auditing and Tracking

Benchmarking
Training & Support (LDC/ NEEC)
Identify Improvements (Energy Audit)
Goal Setting/Action Plan  (Set Investment Priorities)
Goal implementation (Verify & Track Progress)

Energy Audit
EPA Energy Star Portfolio Manager

Manage Energy & Water
Rate Building’s Energy Performance

32
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Benchmarking vs. Audit



1‐50%     = INVEST in new equipment

50‐75%   = ADJUST low‐cost measures

75‐100% = MAINTAIN operations

www.energystar.gov.
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The portfolio manager rating will tell you the story



Calculating the Value of Energy Efficiency

Putting it all together

Energy Accountability

How to Audit and Interpret the data

True Savings vs. Cost Avoidance

ROI, NOI and Life Cost Analysis
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True Savings is defined as savings realized from consumption reduction, using less cost you less.

Cost Avoidance is defined as the savings realized on consumption reduction when the unit of energy experiences a cost increase.
IE: If a Kwh of electricity cost $.10/Kwh and you utilize 5000Kwh less you have saved $500.00, the following year if that same Kwh unit cost increases to $.12/Kwh and the same reduction in consumption occurs the cost avoidance is an additional $100.00.



Typical Utility Cost Distribution

• Typically the cost of Utilities Represents the Second or Third Largest Budget Line Item

•The Pie Chart Represents  a Typical 2 Million Dollar Annual Utility Budget Break Down

Dual Fuel Account
$2,015000.00 per year
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Heating and Electrical are the major concerns but do not forget Water & Sewer they are on the rise



Potential Cost Savings Over 5 Years 
at   10 %   =   $ 1,007,500.00  

100,000.00

200,000.00

300,000.00

1 2 3 4 5 6

Years

Annual Savings of 10% on a $2m/yr Utility Budget

Dollars

36

Presenter
Presentation Notes
This is why you need to measure, verify and track utilities



Monthly Electrical Consumption

Corporate Electric Consumption
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Typical Consumption Profile showing savings from the plan and then a lighting retrofit 



Energy Savings Basics
38

Simple Payback 
= (Cost – Rebate)  / Annual Savings = ROI
Total Annual Savings, units of energy saved times the 
total unit cost 
Total Annual Cost Avoidance – units of energy saved 
times the increased cost per unit
NOI – Net Operating Income

Presenter
Presentation Notes
Simple ROI Equation
After payback the saving becomes NOI



Energy Conservation Terms

Defining Basic Energy  Conservation Terms

Conservation: measures taken to reduce using energy 
consuming systems in order to reduce cost. 
Efficiency: installing systems that use less energy.
Load Management: controlling your electric or gas 
demand during on peak periods.
Demand Side Management: reducing electric or gas loads 
to help preserve system reliability (and get paid for it). 
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Energy Conservation

Steps for Efficient Operation
Determine Current Performance
Evaluate Collected Data 
Benchmark Building www.energystar.gov
Set Goals

Determine Potential Performance
Prioritize Areas of Energy Saving Opportunities
Operational Strategies
Low Cost/No Cost
Capital Improvement

40
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We have discussed determining initial performance and some areas to look for determining potential performance.  Always start with the operational strategies first as outlined on the next slide.



Energy Conservation Analysis 
41
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There are three components of efficient building operation.
Efficient Purchasing - The purchasing of energy fuels at the lowest cost. These decisions and job functions do not usually lie with the operations and maintenance departments but are quite crucial to the efficiency and saving potential of commercial facilities.
Efficient Operation - The actual operations of the equipment, and how it is run on a day to day basis. Operations has the greatest impact on the actual use of energy by the facility.
Efficient Equipment - The upgrade or replacement of equipment and the efficiency of that equipment.
Each of these elements has a significant effect on the energy consumption of a facility. However, the first two items, Efficient Purchasing and Efficient Operations, are ongoing activities in the daily functioning of a facility, and savings through improvements can be achieved with little or no cost. 
On the other hand, Efficient Equipment requires a capital investment. While there may be sufficient reason and justification to upgrade inefficient equipment, the motivation and purchasing capacity of an organization often prevents such purchases.
Efficient Operations usually offers an abundance of opportunities for those who look closely.  Lets examine this a bit more.



Life Cycle Cost Analysis
42
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Life Cycle cost analysis of an incandescent bulb vs. a compact fluorescent bulb.



Energy Efficiency Ratings

One measure of fossil fuel efficiency is 
Annual Fuel Utilization Efficiency (AFUE)
Equipment is rated in (SEER) 
Seasonal Energy Efficiency Ratio.
EER = Rated cooling capacity in Btu 

Electrical demand in Watts
standing pilot ~ 70% AFUE
new furnaces must be 85% or higher
high efficiency furnaces are 90% and greater 
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Electricity ‐ Deregulated Market

Natural Gas ‐ Deregulated Market

Heating Fuels ‐ Purchase Futures 

Transportation Fuels – Purchase Futures

Water and Sewer – Private, Municipal, Regional 
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The plan will give you the needed information to make informed energy purchases
It will give you quantities, annual cost and unit cost



State or Local Associations
Organization Buyer Groups
State Central Services Purchasing
State League of Cities and Towns
Other Collaborative Purchasing Groups 
Professional Organization
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A larger pool can demand lower pricing



Retrofit & Construction Planning

Cost Evaluation
Analyze Incentive Programs
Analyze and Calculate Savings
Calculate ROI & NOI 
Avoid the lowest first cost pit fall
Life cycle cost analysis
Commission all new construction
Simple Payback = (Cost – Rebate) / Savings
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The plan will provide you with all the necessary data to perform these evaluations



Renewable & Alternative Energy Resources

Passive Solar
Solar PV
Solar Thermal
Wind
Radiant
Geothermal
CHP
Bio‐mass
Transportation
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Energy Alternatives available for residential and commercial applications 



Biomass Energy Resources

Coal
Wood Chip
Methane Recovery
Ethanol
Biodiesel
Synthetic‐Gas
Synthetic‐Diesel 
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Domestically available or produced alternative energy resources
What will work for you?
What is readily available?
Which is the least work and easiest transition?
What is the most cost effective  based on cost per Btu? 



Transportation

Choosing the right vehicle
Gas
Diesel
CNG
Electric
Fuel cell
Gas / Electric Hybrid
Diesel / Electric Hybrid
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Apply the same formula, analyze thoroughly
 
What are your needs?
How will the vehicle be used?
What is readily available?
What is your budget?



Grant Opportunities & Resources

ARRA Funding 
LDC ‐ Systems Benefit Fund
State Energy Office
Regional ISO 
Rebuild America
Energy Smart Buildings
Million Solar Roofs
DOE – Renewable Energy Resources
Northeast Bio‐Mass Council
National Renewable Energy Laboratory
North East Sustainable Energy Alliance
Green Building Council
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Agencies offering grant funding for energy related projects
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The Earth’s greenhouse effect is a natural occurrence that helps regulate the temperature of our planet. When the Sun heats the Earth, some of this heat escapes back to space. The rest of the heat, also known as infrared radiation, is trapped in the atmosphere by clouds and greenhouse gases, such as water vapor and carbon dioxide. If all of these greenhouse gases were to suddenly disappear, our planet would be 60°F colder and would not support life as we know it. 



Impacts
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Health: Longer, more intense and frequent heat waves may cause more heat-related death and illness. There is virtual certainty of declining air quality in cities since greater heat can also worsen air pollution such as ozone, or smog. Insect-bourne illnesses are also likely to increase as many insect ranges expand. Climate change health effects are especially serious for the very young, very old, or for those with heart and respiratory problems. Conversely, warmer winter temperatures may reduce the negative health impacts from cold weather.
Agriculture and Forestry: The supply and cost of food may change as farmers and the food industry adapt to new climate patterns. A small amount of warming coupled with increasing CO2 may benefit certain crops, plants and forests, although the impacts of vegetation depend also on the availability of water and nutrients. For warming of more than a few degrees, the effects are expected to become increasingly negative, especially for vegetation near the warm end of its suitable range.
Water Resources: In a warming climate, extreme events like floods and droughts are likely to become more frequent. More frequent floods and droughts will affect water quality and availability. For example, increases in drought in some areas may increase the frequency of water shortages and lead to more restrictions on water usage. An overall increase in precipitation may increase water availability in some regions, but also create greater flood potential.
Coasts: If you live along the coast, your home may be impacted by sea level rise and an increase in storm intensity. Rising seas may contribute to enhanced coastal erosion, coastal flooding, loss of coastal wetlands, and increased risk of property loss from storm surges.
Energy: Warmer temperatures may result in higher energy bills for air conditioning in summer, and lower bills for heating in winter. Energy usage is also connected to water needs. Energy is needed for irrigation, which will most likely increase due to climate change. Also, energy is generated by hydropower in some regions, which will also be impacted by changing precipitation patterns.
Wildlife: Warmer temperatures and precipitation changes will likely affect the habitats and migratory patterns of many types of wildlife. The range and distribution of many species will change, and some species that cannot move or adapt may face extinction.
Recreational 



The Effects of CO2 over 400 thousand years  and 
its effect on Global Temperature
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This slide shows the cumulative effects of 400 thousand years prior to Present Time, of CO2 concentration on Global temperature change.

CO2 Ranged between 200 ppmv and 300 ppmv
-10 c (14 F) to 2 c (36F) = 1 F every 18,000 years




CO2 Concentration over the last 130 years
and its Effect on Global Temperature
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This slide shows the effects of CO2 concentration increase over the last 130 years and the effect on Global Warming.

290 ppmv to 390 ppmv and 57 F to 58 F  = 1 F in 130 years




Environmental Impact

The United States Environmental Protection Agency Estimates that every kilowatt-hour 
(kWh) of electricity use avoided prevents the emission of the following:

1.5 pounds of carbon dioxide 
5.8 grams of sulfur dioxide
2.5 grams of nitrogen oxides

A facility that uses 1,000,000 kWh, and saving 10 % per year equals a 10,000 kWh.
These savings are equal to the removal of:

15,000 pounds of carbon dioxide emissions
128 pounds of sulfur dioxide
55 pounds of nitrogen oxide

OR
2 automobiles removed from highways annually
1 acre of trees being planted

Heating Conversion (Btu’s / 3412) = kWh
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EPA conversion utilized to calculate your kWh savings into reduced emissions.

The EPA multipliers can be utilized to determine your impact on reduced electrical consumption in your own home or business.



Emissions Calculators

EPA – Office Carbon Footprint Tool ‐ EXCEL 
http://www.epa.gov/epawaste/partnerships/wastewi
se/carboncalc.htm
EPA – GHG Equivalencies Calculator
http://www.epa.gov/cleanenergy/energy‐
resources/calculator.html
EPA – CHP Emissions Calculator
http://www.epa.gov/chp/basic/calculator.html
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Questions and Answers

Reminders

Education , Education , Education
Track utility data
Organization wide energy conservation awareness
Minimize consumption & reduce energy waste
Maintain comfort in occupied areas
Save Dollars
Reduce Environmental Impact
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Contact Information

Robert S. Cerio,  BOC, CEM 
Energy Resource Manager

Ocean State Energy Resources
RSCerio@cox.net

NEEC,  Northwest Energy Efficiency Council
www.neec.net www.theBOCinfo/NE

NEEP,  Northeast Energy Efficiency Partnerships
www.neep.org  www.neep.org/boc/index.html.
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