Energy Consumption Trend Analysis

	



�	Trend analysis is a useful tool in the planning and development process.  Trend analysis is a quick way to determine historical performance, current status, and forecasts of future performance.  Effective use of the analytic findings will help to break down the complex dynamics of energy consumption and pinpoint key variables that effect consumption patterns.  By using trend analysis, energy managers can identify energy conservation opportunities at their unique installations.  By using trend analysis, the energy manager can take proactive measures to methodically implement a productive conservation program and minimize disruption or management crises.



	The accuracy of trend analysis hinges on making the correct assumptions, which are relevant, realistic, and supported by the facts.  The use of flawed assumptions and/or erroneous data will result in a faulty trend analysis.  However, well-designed analysis can overcome this limitation.



STEPS FOR TREND ANALYSIS



	There are many ways to begin a trend analysis.  The following seven-step approach is recommended for conducting the analysis.  These steps are only guidelines and should not be considered to be rigid rules.



Step 1. Identify the energy conservation decisions that need to be made or issues to be analyzed.



Step 2. List the information required to make those decisions and/or analyses.



Step 3. Collect all of the necessary information.  Collecting information takes time and effort.  Collect only the information that is required to make the decisions identified.



	The "suffice" principle may help in this regard; it says use the least possible amount of information necessary to conduct a meaningful analysis.



Step 4. Compare the information items listed in step (2) with those inventoried in step (3).  If more information is required, repeat step (3); otherwise, continue to step (5).



Step 5. Plot the data using line graphs, bar charts, area graphs, or pie charts.  Determine whether more statistical analysis is needed to answer the questions in Step (1).  While the use of statistics (e.g., regression lines, distribution curves, correlation coefficients, etc.) is a powerful tool for trend analysis, it is sometimes Unnecessary.



	One can complete spreadsheet analysis and plot data using Harvard Graphics, Lotus 1-2-3, Quattro Pro, Excel, or a variety of other similar software packages.



	Lotus 1-2-3 has a function to calculate simple regression output: the mean, the Y-intercept, the beta coefficient, and the standard deviation.  From the regression output, the predicted values of energy consumption can be calculated.  Note that data in Table 5 is produced by the Lotus 1-2-3 regression function.



Step 6. Look for any change in energy consumption patterns.  Determine why these changes or patterns occur.



	If a particular data element needs to be scrutinized further, decomposition analysis may be appropriate.  Decomposition analysis simply means breaking down a data point by the supporting sub-elements that determine the outcome.  This analysis can be repeated until the most basic elements have been thoroughly analyzed.  For example, the installation may be experiencing a gradual increase in total electricity consumption even though very active energy-savings projects are in place.  Decomposition analysis may reveal that the increase in energy use is due to increased numbers and/or use of computers and kitchen appliances at the base.



Step 7. List the energy conservation opportunities identified in the trend analysis.



	Evaluate the energy conservation opportunities; relate them to the current energy policies and goals.



	Determine the base's strengths and weaknesses in managing the energy program.



	Develop an action plan to resolve the energy-use inefficiencies.  This plan should exploit energy program resources.



	Determine whether implementation of the action plan will address the original issue (e.g., meeting the DoD's 20 percent energy goal).



	Trend analysis is complete when all critical energy conservation issues have been addressed adequately.



TOOLS FOR TREND ANALYSIS



	There are many mathematical methods that can be used to complete trend analysis.  Detailed instructions for using those methods are beyond the scope of this handbook.  Seminars, courses, and reference materials are available to help energy managers to understand the key concepts.  Table 1 lists several commonly used trend analysis techniques.

�

TABLE 1:  FORECASTING TECHNIQUES FOR TREND ANALYSIS

��Technique�Description��Regression�Variations in dependent variables are explained by variations in the independent variable.

��Time series�Linear, exponential, S-curve, or other types of projections.

��Trend extrapolation�Forecasts are obtained by linear or exponential smoothing or the averaging of actual past values.��

TREND ANALYSIS ILLUSTRATION



	To illustrate how to conduct a trend analysis using the seven-step approach discussed earlier, the following example of fictional "Bigwatt Naval Base" is used:



Step 1. What is (are) the decisions) to be made or issue(s) to be analyzed?



	We want to know whether "Bigwatt Naval Base" is meeting the DoD's energy reduction goals.  Note: "Bigwatt Naval Base' uses electricity and fuel oil for its facilities energy needs.



Step 2. What information is needed for the analysis?



	Total base energy consumption data from FY85 to present (including electricity and fuel oil consumption).  Energy consumption data must be converted from kWh and gallons to MBtus.  This information is available from DEIS-II reports.



	Total base building square footage.  Square foot (ft2) data are needed because the DoD's energy goals are set in Btus per ft2.



	DoD's major energy reduction goal is to achieve a 20 percent reduction by FY2000 (from FY85 consumption as the baseline).



Step 3. What information is available now and where can it be obtained?



	Electricity consumption data can be obtained from utilities bills, invoices, and metered data.



	Heating oil consumption data can be obtained from delivery logs and plant operations inventory logs.



TABLE 2:  "BIGWATT NAVAL BASE" ENERGY CONSUMPTION BY FUEL TYPE

��Fiscal year�ELC(MWH)�Fuel oil(BBL)��1985�2,885,698�16,233,500��1986�3,437,573�12,317,833��1987�3,558,617�13,716,333��1988�3,198,417�12,695,667��1989�4,826,495�16,615,833��1990�4,117,819�15,025.333��1991�3,966,559�18,123,167��

	Total building square footage data is available from the base's real property records.



	By using the data from Table 2 and fuel conversion factors found in Appendix S, total energy consumption in MBtu can be calculated as shown in Table 3.



Step 4. Do we have enough appropriate information



	Yes.  The actual square footage and the total energy consumption data are available.  Table 4 can be developed by using numbers from Table 3.  With these data, further decomposition analysis can be performed to determine why changes in energy consumption patterns occur.  However, remember the "suffice' principle, the goal is to determine only whether 'Bigwatt Naval Base' is meeting DoD's goal.

�

TABLE 3:  “BIGWATT NAVAL BASE” TOTAL ENERGY CONSUMPTION IN MBtu

��Fiscal year�ELC (MBtu)�Fuel oil (MBtu)�Total (MBtu)��1985�9,846�97,401�107,247��1986�11,729�73,907�85,636��1987�12,142�82,298�94,440��1988�10,913�76,174�87,087	��1989�16,468�99,695�116,163��1990�14,050�90,152�104,202��1991�13,534�108,739�122,273��Mean�12,669�89,767�102,435��Standard deviation�2,046�12,006�13,038��

Step 5. How should we plot the data?



	There are several ways to chart and then plot the data found in Table 4.  In Figure 1, we select a bar chart to show actual total energy consumption data, by fiscal year (to show depth) with superimposed lines to show trends.  The superimposed lines are deemed to have the best descriptive ability for depicting trends; however, the best method to use depends on the type of analysis being done.



	Note that data in Table 5 is produced by the Lotus 1-2-3 regression function. 



Step 6. Where have energy-use patterns changed?



	Although we have shown many data points in Figure 1, there are two key variables needed for the analysis: time (by year) and total energy consumption in MBtus.  Table 4 has Btus per ft2 numbers; these numbers change over time.  A quick glance at Figure 1 provides an excellent idea of the changes in consumption patterns.















�



TABLE 4:  "BIGWATT NAVAL BASE” TOTAL BUILDING SQUARE FEET AND FUEL TYPE  CONSUMPTION ON A  SQUARE FOOT  BASIS

��Fiscal year�Square feet (1,000)�ELC/Btu

(per ft2)�Fuel oil/Btu (per ft2)�Total/Btu 

(per ft2)

��1985�1,751�5,623�55,626�61,249��1986�1,354�8,662�54,584�63,247��1987�1,481�8,199�55,569�63,768��1988�1,481�7,369�51,434�58,803��1989�1,801�9,144�55,355�64,499��1990�1,801�7,801�50,057�57,858��1991�1,801�7,515�60,377�67,892��Mean�1,639�7,759�54,715�62,474��Standard deviation�178�1,049�3,082�3,207����

�

FIGURE 1:  "BIGWATT NAVAL BASE" ENERGY CONSUMPTION

�

�

TABLE 5:  "BIGWATT NAVAL BASE” ENERGY CONSUMPTION TREND ANALYSIS

��Fiscal year�Actual total Btus per ft2�Trend Btus per ft2�Goal Btus per ft2�Difference of actual from goal (%)

��1985�61,249�61,415�61,249�0.00��1986�63,247�61,768�60,432�(4.66)��1987�63,768�62,121�59,627�(6.95)��1988�58,803�62,474�58,832�0.05��1989�64,499�62,826�58,047�(11.12)��1990�57,858�63,179�57,273�(1.02)��1991�67,892�63,532�56,510�(20.14)��

Review of Trend Analysis Data From Table 5



Actual Total (Btus per ft2)



	The energy consumption data must be accurate and accounted for properly.  It is easy to make mistakes when thumbing through piles of raw data such as bills, invoices, and logbooks.



Trend (Btus per  ft2)



	The trend results from performing a linear regression using the Fiscal year (column one) as the X-range and Actual total (Btus per ft2) (column two) as the Y-range.



Goal (Btus per ft2)



	The DoD's overall energy consumption reduction goal is 20 percent.  Year 1 (1985) is the baseline year from which that goal is set.  Thus, the preceding year's performance is measured against that baseline.  	Calculating energy reduction goals for subsequent years can be done as follows:



(Previous year's actual Btus per ft2) X [ 1 - (-.20/15)]



Difference of Actual From Goal (%)



	This number is calculated by subtracting the Actual total (Btus per ft2) from the Goal (Btus per ft2) and then dividing that result by the Goal (Btus per ft2).



	This analysis shows that "Bigwatt Naval Base" has never achieved the DoD goal.  The cumulative effect of the evident gradual increase in energy consumption results in "Bigwatt Naval Base" not meeting the goal.



	From the data in Table 5, a list of statistical values can be generated; they are shown in Table 6.



TABLE 6:  STATISTICAL ANALYSIS OF “BIGWATT NAVAL BASE” ENERGY CONSUMPTION

��Variable/statistic�Value��Mean (Btus per ft2)�62,474��Standard deviation (Btus per ft2)�3,207��Beta coefficient (slope)�.353��Y-intercept (Btus per ft2)�(639,147)��Total percent change in 7 years�1.96��Average percent change per year�.16��



Mean (MBtus per ft2)



	The sum of all Actual total (Btus per ft2) values divided by the total number of observations (in this case, there are seven).  The mean (or average) provides a measure of central tendency within a set of data.  However, the mean alone provides little information about the set of numbers.



Standard Deviation



	The standard deviation measures the variability of the data set.  Based on an empirical statistical rule (i.e., the "bell curve' concept), 68 percent of data points always fall within one standard deviation of the mean and 95 percent within two standard deviations of the mean.  See Figure 2 for a graphical illustration of the bell curve, also known as the "normal distribution."



	If a data point(s) falls outside the 95 percent zone (i.e., 2 standard deviations or more from the mean), then it is very likely that there is a data quality problem or very drastic changes have occurred (as evidenced by that data point).  That data should be reexamined.  Perhaps a more thorough analysis is required.

�

�

FIGURE 2:  NORMAL DISTRIBUTION "BELL " CURVE





�

Beta Coefficient (Slope) and Y-intercept



	These two statistical values, the beta coefficient and the Y-intercept, both result from the regression analysis; they are used for developing a formula that best predicts future Y values given X input variables.



Yyear = Y-intercept + [year X (Beta coefficient) I



	where:



Y is the expected value.



	The  beta  coefficient  is  positive  (.353)  indicating  an  upward-sloping  trend.  However, the Y-intercept value 639,147) is over 10 times larger  than  the  Mean (62,474).  In order to provide a clearer picture of how the process works, it may be helpful to review the mechanics of this.



	Looking at the next date in the X-range, FY92, we get an idea of the impact of the large negative Y-intercept value.  First, multiplying the X value for FY92 by the beta coefficient yields 703,176.  Combining this result with the Y-intercept gives us an estimated value for "Bigwatt Naval Base's" 1992 energy consumption of 64,029/Btus per ft2.



Percent Change



	The first percentage change value, 1.96 percent, is the total change over the entire 7-year period.  The next number, average percent change, is simply the total change divided by the 7 years that they represent.  Both of these numbers provide an indication of how "Bigwatt Naval Base's' total energy consumption has changed over time.









Pitfall



	Figure 3 is a graphical depiction of other possible total energy consumption patterns.  Notice that there are three separate and completely different trends shown.  Trend A indicates a rapid increase in electrical consumption.  On the other hand, Trend B shows a significant decline.  However, Trend C shows a gradual increase in electrical consumption.  Trends A and B can lead to spurious analyses because each only incorporates three years worth of data.  While it remains possible to misinterpret Trend C, Trend C provides the best representation of a trend, which in this case is gradually upward-sloping.  Ensure that there are enough historical data to show a realistic trend.  It is recommended that you use at least five years of data.



Step 7. What are the base's energy conservation opportunities for improvement?



	Opportunities for improvement are as follows:



	The base lacks facilities (infrastructure) for switching to alternate fuels.



	The base has too many old buildings with poor insulation and inefficient heating and cooling systems.



	Decrease Btus per ft2 consumption before FY2000.



	Switch to alternate (more efficient) fuel sources.



	Install insulation in all buildings to decrease heating/cooling loads.



	Replace outdated HVAC equipment with more energy-efficient systems.



	Meet DoD’s energy goals.



	After completing Step 7, the energy manager should have a better idea of where he/she stands in terms of achieving DoD's energy goals.  In the case of "Bigwatt Naval Base," it is not on schedule to meet DoD's goals.  The energy manager must intervene by taking specific management actions to reverse the trend.

��

FIGURE 3:  "BIGWATT NAVAL BASE" TREND ANALYSIS - ELECTRICITY USE
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