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Energy Performance Indicators (EnPI)
 Tim Dantoin Focus on Energy

Page 2
                        

Learning Objectives
 • Identify and test one or more EnPls.
 • Identify factors that may affect EnPls.
 • Establish an energy baseline.
 • Analyze your EnPls to gauge performance.
 • Utilize ready-available EnPl tools.
 • Learn to love statistics (okay, maybe just appreciate).
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Energy Efficiency vs. Energy Intensity
 Efficiency – amount of output per unit of energy
 Intensity – amount of energy per unit output
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Energy Competitiveness
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 Energy Consumption (BTU) per dollar of GDP
 China
 Brazil US
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 Germany
 Source: EIA International Energy Statistics 2010 http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=92&pid=46&aid=2
 % Change (1988 to 2008)
 China 50%
 India 15%
 US 30%
 Brazil -20%
 Germany 25%
 China vs. US
 1988 2008
 5 to 1 3.5 to 1
 1 lb coal = 10,000 BTU
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Terminology
 • Energy Performance Indicators (EnPls) – a measure of energy intensity used to gauge effectiveness of your energy management efforts.
 • Baselining - comparing plant or process performance over time, relative to its measured performance in a specific (i.e. baseline) year.
 • Benchmarking - comparing performance to average or established best practice level of performance against an appropriate peer group.
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EnPI Benefits, Baseline, Benchmarking
 • Accurate understanding of improvement • Identification of abnormal situations • Easily understood quantitative measure of
 performance
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Energy Performance
 • Goal is to increase efficiency or decrease intensity.
 • Implement projects that reduce energy consumption or increase production output.
 • Most projects don’t ‘move the needle’ (i.e. don’t show up on utility bills).
 • EnPIs capture cumulative impact of all projects by statistically isolating various influences on energy use.
 • Performance can be tracked at the process, facility, corporate or industrial-sector level.
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Energy Management
 • Improving energy performance requires more than just implementing energy efficiency projects: – Employee Awareness --- Setting Goals --- Financial
 Analysis – Tracking & Reporting --- GHG Accounting --- Program
 Auditing
 • ISO 50001 – voluntary international standard for continual energy management improvement
 • Focus on Energy – supports customers’ energy management efforts through Practical Energy Management©
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ISO 50001 And Energy Performance
 • 4.4.3 – Conduct an energy review o Analyze energy use and consumption o Identify areas of significant use o Identify and prioritize opportunities for improvement
 • 4.4.4 – Establish an energy baseline year
 o Period for which reliable data is available o Identification of a period prior to beginning energy improvements o Determination of when active energy management began o Satisfaction of stakeholder and/or certification body mandates
 • 4.4.5 – Identify EnPIs for monitoring performance
 • 4.4.6 – Establish objectives, targets and action plans
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Practical Energy Management©
 • A common sense, streamlined approach to energy management compatible with ISO 50001.
 • Turnkey package including savings calculators, organizing tools and management strategies.
 • Integrates management and technical aspects of energy management into existing business practices.
 • Learn more at www.focusonenergy.com.
 http://www.focusonenergy.com/�
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EnPI Development
 1. Determine assessment level (system, process, facility)
 2. Determine energy use of interest (dependent variable)
 3. Identify consumption drivers (independent variable)
 4. Collect historical consumption and driver data
 5. Establish a baseline year (Year 0)
 6. Analyze link between consumption, drivers
 7. Assess changes in EnPI relative to Year 0
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Energy Use Drivers
 Production volume
 Weather
 Building occupancy
 Square feet
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Simple Regression Model
 Base Load
 Variable Load
 Energy Driver (e.g. production volume)
 Energy Use
 y = mx + b
 m = energy per variable unit
 b = base load
 R2 = correlation coefficient
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EnPI Example – Data Collection
 • Select baseline year (e.g. 2008)
 • 24 months additional data
 • Ensure data intervals align
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EnPI Example – Scatter Diagram
 • Energy use is dependent variable (y)
 • Production is
 independent variable (x)
 • Relationship appears linear
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EnPI Example – Trend Line
 • Slope (m) 0.3265
 • Y-Int (b)
 258,591
 • R2 coefficient 0.8418
 • ~45% of kWh
 for non-production
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EnPI Example – Interpreting The Results
 • Slope (m) – every pound of extruded material requires 0.3265 kWh of electrical energy (energy intensity)
 • Y-intercept (b) – monthly electrical energy consumption unrelated to production is 258,591 kWh
 • R2 coefficient – ~84% of variation in monthly electrical energy consumption explained by regression equation (i.e. ‘m’ and ‘b)
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Goal: improve energy performance by 10% in 2 years
 EnPI Example – Baselining Performance
 Year Variable kWh Base load kWh
 2008 (Year 0) 0.3677 227,483
 2009 (Year 1) 0.2524 323,603
 2010 (Year 2) 0.2830 294,009
 3-Year Value 0.3265 258,591
 2-Year change Better by 30% Worse by 30%
 Curious results needing investigation
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EnPI Example – Applying The Results
 For 2012, management forecasts a 15% production increase over 2010 volume of 10,200,000 lbs.
 What is expected monthly electrical cost? 10,200,000 + 15% = 1,173,000 ÷ 12 = 977,500 lb/month (0.3265 kWh/lb x 977,500 lb) + 258,748 kWh = 577,902 kWh At $0.075 per kWh x 577,902 kWh = $43,343
 What is electricity cost in each extruded pound? $43,343 ÷ 977,500 = 4.4¢
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• Effective energy management involves changing organizational culture and individual mindsets.
 • Communicating energy efforts and performance is vital for generating awareness, responsibility and action.
 • EnPIs, as indicators of performance, should be at the core of your communication efforts to senior management as well as production staff.
 EnPI Example – Reporting The Results
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Complicating Factors*
 • More than one consumption driver of an energy source – weather, natural gas production
 • Multiple or changing product mixture – output of one product dependent on another
 • Production output not easily characterized o Consider either product count, weight or volume o Look at production inputs (raw materials) instead of outputs
 • Major system upgrades or change in operations – evaluate if baseline year EnPI values are still suitable *indicated by a lower R2 ~<0.75
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Assess Possible EnPIs Area Factor Check for Significance
 R2 P
 Weather
 Temperature Dew point
 Relative humidity Precipitation Wind speed Solar gain
 Process
 Production line started Production line stopped Production line changed
 Process support
 Process support operating hours Process support equipment change
 Process support hours shutdown
 Operations
 Operating hours (per month) Operating days (per month)
 Operating shifts
 Production Change in product Change in output
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Other Regression Models
 • Multivariate linear regression Y = m1X1 + m2X2 + m3X3 + b • Polynomial linear regression Y = m1X1 + m2(X2)2 + m3(X3)3 + b • Nonlinear regression
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Multiple Regression EnPI
 • Adjust R2 = 0.9683
 • P-Value: probability that X and Y not related
 • P (prod) 2.05e-17 • P (enth) 1.18e-33
 Total electrical = (0.201 x production) + (162.8 x enthalpy) + 3601
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EnPI Benchmarking
 • Comparing your facilities’ energy performance via EnPIs to similar facilities or industry-wide standards
 • Energy intensity reports at EPA ENERGY STAR for: – Automotive -- Food Processing -- Pharmaceutical – Breweries -- Pulp/Paper -- Glass Manufacturing
 • Benchmarking Guide for Data Centers
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EnPI Resources
 • Microsoft Excel • The EnPI Tool
 o ©2011 Georgia Tech Research Corp. & U.S. DOE o Available: www.Save-Energy-Now.org EnMS Implementation Self-Paced Module Section 2.3.5 – Select and Test EnPIs
 – EnPI Tool (click here) – EnPI Instruction Manual (click here)
 https://save-energy-now.org/selfpaced/Step2/Documents/Step 2.3 EnPI Tool.xls�
 https://save-energy-now.org/selfpaced/Step2/Documents/Step 2.3 EnPI Instruction Manual.pdf�
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Homework – Develop Facility-Level EnPI
 • Select one primary energy source. • Consider likely driver(s) of energy consumption. • Get historical energy consumption and driver data. • Establish baseline year. • Analyze data using MS Excel or GT EnPI Tool. • Apply and report results.
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Contact Information
 Tim Dantoin, Senior Engineer Focus on Energy Industrial Program
 Office: 920-435-5718 Cell: 920-366-3744
 Email: [email protected]
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