7 August 2014

Measurement and verification of energy
savings within the Energy Efficiency
for Small Business Program – Phase 2

NSW Office of Environment and
Heritage

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2

Copyright
© 2014 State of NSW and Office of Environment and Heritage
The State of NSW and Office of Environment and Heritage are pleased to allow this material to be reproduced in whole or in
part for educational and non-commercial use, provided the meaning is unchanged and its source, publisher and authorship are
acknowledged.

Disclaimer
This report has been compiled in good faith, exercising all due care and attention. No representation is made about the
accuracy, completeness or suitability of the information in this publication for any particular purpose. OEH and Energetics shall
not be liable for any damage which may occur to any person or organisation taking action or not on the basis of this publication.
Readers should seek appropriate advice when applying the information to their specific needs

Prepared by Energetics for the Office of Environment and Heritage.

Published by:
Office of Environment and Heritage
59 Goulburn Street, Sydney NSW 2000
PO Box A290, Sydney South NSW 1232
Phone: (02) 9995 5000 (switchboard)
Phone: 131 555 (environment information and publications requests)
Phone: 1300 361 967 (national parks, general environmental enquiries, and publications requests)
Fax: (02) 9995 5999
TTY users: phone 133 677, then ask for 131 555
Speak and listen users: phone 1300 555 727, then ask for 131 555
Email: info@environment.nsw.gov.au
Website: www.environment.nsw.gov.au

Report pollution and environmental incidents
Environment Line: 131 555 (NSW only) or info@environment.nsw.gov.au
See also www.environment.nsw.gov.au

[OEH will insert the following details into the document:
ISBN 978 1 XXXX XXX X
OEH 2014/XXXX
Month 2014]

© Energetics Pty Ltd 2015

ii

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2

Table of Contents
Introduction............................................................................................................................................ 1
1.

Energy Efficiency for Small Business Program ............................................................................ 1

2.

Background to this evaluation ...................................................................................................... 2

3.

Project scope ................................................................................................................................ 2

Methodology and tasks......................................................................................................................... 3
4.

Overall approach .......................................................................................................................... 3

5.

Energy model................................................................................................................................ 5
5.1.

IPMVP Option C .................................................................................................................. 6

Measurement and Verification Plan..................................................................................................... 7
6.

Overview....................................................................................................................................... 7
6.1.

M&V contextual data ........................................................................................................... 8

6.1.1.

EESBP participants ..................................................................................................... 8

6.1.2.

Implementation of recommended energy saving actions ............................................ 8

6.1.3.

Estimated benefits ....................................................................................................... 9

6.1.4.

Implementation timelines............................................................................................. 9

6.1.5.

Drivers for M&V ........................................................................................................... 9

6.1.6.

M&V issues and consideration .................................................................................... 9

6.1.7.

M&V project personnel and project roles .................................................................. 10

6.2.

M&V Plan components ...................................................................................................... 10

6.2.1.

Measurement boundary............................................................................................. 10

6.2.2.

Key parameters and data sources............................................................................. 11

6.2.3.

IPMVP M&V Option ................................................................................................... 11

6.2.4.

Interactive effects....................................................................................................... 12

6.2.5.

Baseline measurement period................................................................................... 12

6.2.6.

First 12 months measurement period........................................................................ 12

6.2.7.

Last 12 months measurement period ........................................................................ 12

6.2.8.

Approach for developing an energy model................................................................ 12

6.2.9.

Approach for adjusting the energy model and calculating savings ........................... 14

6.2.10.

Approach for calculating and reporting savings uncertainty...................................... 14

6.2.11.

Approach for calculating cost avoidance and greenhouse gas emissions reductions
14

Data analysis........................................................................................................................................ 15
7.

Data sources............................................................................................................................... 15

© Energetics Pty Ltd 2015

iii

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2

7.1.

Weather stations................................................................................................................ 16

8.

Assumptions ............................................................................................................................... 17

9.

Data analysis process................................................................................................................. 17
9.1.

Data analysis part 1: eligibility analysis ............................................................................. 20

9.2.

Data analysis part 2: site based regression ...................................................................... 21

9.2.1.

Weather variance....................................................................................................... 21

9.2.2.

Weather data for demand analysis............................................................................ 24

9.2.3.

Regression analysis .................................................................................................. 25

9.2.4.

Uncertainty associated with the preferred model and savings .................................. 26

9.3.

Site energy analysis results............................................................................................... 27

9.4.

Site demand analysis results............................................................................................. 30

Results.................................................................................................................................................. 33
10.

Overall results........................................................................................................................ 33

11.

Variance in ‘savings’.............................................................................................................. 34

12.

Analysis of all modelled sites................................................................................................. 36

12.1.

Summary of modelling ....................................................................................................... 36

12.2.

Results for modelled sites by industry type ....................................................................... 37

12.3.

Results for modelled sites by climatic region .................................................................... 40

12.4.

Comparison of measured savings versus prior predicted savings figures ........................ 42

12.5.

Savings uncertainty for modelled sites .............................................................................. 44

12.6.

Comparison between first twelve months and last twelve months savings....................... 45

12.7.

Demand analysis ............................................................................................................... 47

12.8.

Financial results................................................................................................................. 49

12.8.1.

Rebate provided ........................................................................................................ 49

12.8.2.

Proportion of installation cost covered by rebate ...................................................... 50

12.8.3.

Payback of rebated projects, with and without rebate............................................... 50

Conclusion, recommendations and next steps ............................................................................... 52
13.

Analysis outcomes................................................................................................................. 52

13.1.

Future improvement recommendations............................................................................. 53

13.1.1.

Plan and process improvements ............................................................................... 53

© Energetics Pty Ltd 2015

iv

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2

Introduction
1.

Energy Efficiency for Small Business Program

The $15 million Energy Efficiency for Small Business Program (EESBP) was developed for
businesses that have an energy use of up to about $20,000 (up to160 MWh per annum) or have the
equivalent of up to around 10 full time staff.
The EESBP was launched in February 2009 and to date over 16,500 businesses have registered to
the program.
The EESBP provides a participating business with a customised energy assessment that identifies
where electricity is being used, and a tailored action plan with electricity and cost saving
recommendations.
Businesses that implement any energy saving recommendations with greater than a 2 year payback
period have access to rebates that covers half the cost of implementing measures that improve the
energy efficiency of:
•

lighting, including skylights

•

heating, ventilation and air-conditioning, including insulation

•

motors

•

air compressors

•

commercial refrigeration

•

boilers

•

hot water systems

•

insulation

The maximum rebate available for each business is:
•

$2,000 for businesses that use up to $5,000 on electricity per annum. This is considered a
“small business” for the purposes of the program, or

•

$5,000 for businesses that use between $5,000 and $20,000 on electricity per annum. This
is considered a “medium sized business” for the purposes of the program.

Businesses also receive up to 4 hours free support to coordinate the installation of energy efficient
technologies and equipment. This includes obtaining quotes, managing the installation and completing
the necessary paperwork to apply for the subsidised payment.
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2.

Background to this evaluation

In early 2009, as part of the ongoing monitoring and evaluation of the EESBP, an Evaluation
Framework was developed to measure the short and long term outcomes of the program. Among a
range of outcomes to be measured (e.g. market transformation) is the actual energy savings.
A general approach to confirming energy savings is envisaged as follows:
1.

2.

Using billing data to confirm that:
a.

OEH is working with Energy Providers (e.g. Ausgrid, Essential Energy, Endeavour
Energy) in extracting billing data, with a customer list provided by EESBP.

b.

OEH was provided with first batch of hairdressers downlight retrofit data and are
keen to monitor the progress and outcomes of this project

Measurement & Verification:
a.

OEH is exploring the feasibility of using Measurement & Verification (M&V) to
confirm energy savings from EESBP, as an alternative to the billing data.

In 2012, the Business Partnerships and Climate Change Air and Noise sections of the NSW Office of
Environment and Heritage (OEH) engaged Energetics to conduct a preliminary billing data analysis
using meter information obtained from Energy Providers (Ausgrid, Essential Energy and Endeavour
Energy) to confirm energy and bill savings achieved by the EESBP.

3.

Project scope

OEH has again engaged Energetics to extend the analysis conducted in phase 1 of this project. The
scope of phase 2, which is the subject of this report, is as follows:
1.

Desktop review of data provided for EESBP participants that are provided by OEH,
Ausgrid, Essential Energy, Endeavour Energy and other parties. Energetics’ approach is
to stratify the population and create sub-groups from which to conduct the following
analysis. Energetics will filter the sites regarding their eligibility for individual analysis
based on:
•

availability and provision of data

•

overall size of projects in relation to site energy use

•

period when projects were implemented

2.

Regression analysis on eligible sites in order to determine the annualised energy savings
at a site level

3.

Regression analysis on a sub-group of sites in order to determine peak demand savings
at a site level
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Methodology and tasks
4.

Overall approach

Energetics has applied the formal techniques described within the International Performance
Measurement and Verification Protocol (IPMVP) to conduct energy and peak demand savings
analysis for the EESBP population. Broadly, the methodology is described by a savings calculation
whereby:

Savings

=

Baseline Usage ± Adjustments – Actual Usage

The approach involves two periods of activity as shown in the chart below.

SAVINGS = 'Adjusted Baseline' minus 'Actual'

Energy Use

SAVINGS

Actual Baseline:
Monthly energy usage

Actual Post-Retrofit:
Monthly energy usage

Baseline Model:
Energy model developed using
baseline usage and activity data

Adjusted Baseline:
'Business as Usual 'forecast of
usage using current activity data

Baseline Period

Retrofit

Post-Retrofit Performance Period

Prior to project implementation:
1. A period of time prior to the project implementation is selected and measured – this is called
the ‘baseline period’.
2. During the baseline period, data is also collected for ‘independent variables’, which are
parameters that change on a regular basis, and have a direct effect on baseline energy usage
patterns. Examples of such variables include changes in weather.
3. A model is developed to describe the relationship between energy use, and the independent
variables affecting energy use.
Once the project has been implemented:
4. A suitable period of data is once again selected and measured. This is called the ‘post-retrofit’
performance period.
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5. Data is also collected for the same independent variables for the post-retrofit period.
6. Like-for-like energy use is then determined by using the developed baseline energy model
with the post-retrofit data for independent variables to forecast the ‘business as usual’ energy
usage. This is called the ‘adjusted baseline’.
7. Finally, savings are determined by subtracting the measured actual usage from the adjusted
baseline.
Steps 4 to 7 have been conducted for both a “first 12 months” period, being the twelve month period
immediately following project implementation, and for a “last 12 months” period, being the most recent
twelve month period for which energy consumption data is available.
The ability to create an ‘Adjusted Baseline’ is a critical step in which an energy model is developed to
describe energy use in relation to the variables that influence usage. The model is then used to
forecast energy use over the same time period as the actual usage. This process is described in the
diagram below:
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POST-RETROFIT PERIOD
Static factors that give rise
to ‘Non Routine
Adjustments’

Data for independent
variables that define
‘Routine Adjustments’

Data for independent
variables that define
‘Routine Adjustments’

Energy use data

Energy use data
Energy Model

SAVINGS CALCULATION

DATA COLLECTION

BASELINE PERIOD

Adjusted baseline

–

Actual

=
Energy savings + uncertainty

REPORTING

Energy Savings +
Uncertainty
Energy Savings

x

Agreed Pricing structure

=

Energy Cost Avoidance

Energy Savings

x

Agreed greenhouse gas
emission factors

=

Greenhouse Gas Emission
Reduction

Figure 1: General M&V savings equation

5.

Energy model

Regression analysis is one of a number of techniques for developing an energy model. It is a valuable
technique for developing a model based on historical energy use and data for independent variables
such as weather or production output.
An example energy model is shown in the chart below, in which changes in monthly energy use are
evaluated against heating and cooling degree days, which are proxies for changes in ambient
temperature.
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1,800
y = 2.0851x + 852.58
R² = 0.9555

Monthly Energy Use (kWh)

1,600
1,400
1,200
1,000
800
600
400
200
0
0.00

50.00

100.00

150.00
200.00
250.00
Cooling Degree Days (CDDs)

300.00

350.00

Figure 2: Example regression-based energy model

Successful energy models are used to provide a reliable prediction of energy use and are used to
create a like-for-like comparison for determining savings.
Models rely on the following elements:
1. Accurate historical data for energy use to establish the baseline
2. Understanding and data related to independent variables which affect energy use. These are
either static changes (e.g. plant/building changes) or changes that routinely occur (e.g.
changing weather patterns, rainfall, production output), and
3. A defined measurement boundary to which the model relates.

5.1.

IPMVP Option C

The IPMVP describes four generic approaches for conducting measurement and verification (M&V) of
savings. Option C is known as the ‘Whole Building’ method. This method relies on regression analysis
of energy use against routine variables. The measurement boundary is defined as the ‘whole facility’
and energy use data is derived from available utility data.
A key advantage of using Option C is that historical utility data is readily available which covers the
baseline and post-retrofit periods. This avoids the need for temporary metering. IPMVP Option C has
been used for this project.
A key limitation of IPMVP Option C is that in order to apply this approach, anticipated site savings
should be greater than or equal to 10% of baseline energy use.
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Measurement and Verification Plan
6.

Overview

This section outlines a M&V Plan that Energetics has implemented in order to measure and verify
electricity savings associated with implemented energy savings projects at sites within the Energy
Efficiency for Small Business Program.
This plan applies the formal techniques described within the IPMVP which is the defacto international
standard for M&V techniques. It has been developed by a Certified Measurement and Verification
Professional (CMVP) who is accredited by the United States Association of Energy Engineers (AEE).
This M&V plan has been developed in order to calculate electricity savings achieved through the
implementation projects at nominated EESBP sites in order for OEH to:
1. confirm energy and bill savings achieved at each site
2. determine aggregated savings across the EESBP population
3. develop an approach to future data collection and verification for small businesses which is
cost-effective, operable and robust enough to ensure the long term viability of energy savings
verification for this sector
The proposed approach involves:
1. Gathering field measurements as outlined in this plan to gain a detailed understanding of
whole facility electricity usage at each EESBP site. The period prior to each project’s
implementation date is the baseline dataset, whilst the period directly following the
implementation date is the post-retrofit period.
2. Conducting regression analysis of baseline data against independent variables across four
potential energy models to determine which model best describes and predicts energy
consumption at given temperature conditions and on the basis of the current operating
parameters.
3. Applying post-retrofit conditions to the energy model to adjust the baseline for the post-retrofit
period (adjusted baseline dataset).
4. Calculating electricity savings for the stated measurement boundary by subtracting the postretrofit actual usage from the adjusted baseline.
5. Calculating the uncertainty associated with the energy model and the electricity savings.
6. Aggregating usage and savings figures across all modelled sites to provide a summary view,
stratified by each site’s industry type and climatic region
7. Reporting the outcomes to OEH.
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6.1.

M&V contextual data

6.1.1.

EESBP participants

OEH has provided a detailed list of EESBP participant data to Energetics. This list has also been
provided to Ausgrid, Essential Energy and Endeavour Energy so that historical billing data can be
matched.
The EESBP population contains 16,028 unique registration numbers covering diverse range of sites
each with its own operating characteristics. These include:
•

Industry sectors

•

Size (i.e. energy usage)

•

Operating patterns (occupancy hours, production volumes)

•

Geographical location

•

Data completeness, quality, frequency and amount of history available

•

Availability of interval meter data

•

Energy savings projects (type, number, size of savings, and implementation dates)

This M&V analysis focused on those businesses that have accessed a rebate from the EESBP.
Rebate eligible recommendations – items with a greater than 2 year and less than 10 year payback
were eligible for 50% subsidy of the total cost up to a maximum of $5,000
Worthwhile low cost recommendations – items with a payback period of less than 2 years (non-rebate
eligible)
Low and no cost recommendations – items with a very low or no cost.to implement

6.1.2.

Implementation of recommended energy saving actions

Of the 16,028 ESSBP participants, 3,088, or 19%, received an energy assessment and a rebate and
12,940 businesses received an energy assessment but no rebate.
Insight into the implementation of energy savings actions by EESBP participants is provided by the
evaluations of the EESBP conducted by Databuild. Databuild evaluated Phase 1 of the program in
October-November 2010 by surveying 230 participating businesses and Phase 2 in May-June 2012 by
surveying 301 participating businesses. The survey results reveal the following about energy efficiency
project implementation:1
•

1

22% of businesses assessed in Phase 2 had implemented a rebate eligible recommendation
without accessing a rebate. The main reasons given for not accessing a rebate were that
they were not aware of the rebate, there was not enough time to apply for the rebate and
that the implemented measures were not implemented enough to warrant a rebate

Databuild, Energy Efficiency for Small Businesses Evaluation of the Program – Phase II Final report, November 2012

© Energetics Pty Ltd 2015

8

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2
•

Of all rebate eligible recommendations not implemented as at May-June 2012, program
participants had intentions to implement 60% of these

•

In addition to rebate eligible actions, 47% of Phase 2 businesses and 37% of Phase 1
businesses either fully or partially implemented worthwhile low cost recommendations

•

Of all worthwhile low cost recommendations that were not implemented at the time of the
surveys, 51% of program participants intended to implement them in the future

•

84% of Phase 2 businesses and 93% of Phase 1 businesses implemented low cost or no
cost recommendations

•

Overall, 93% of Phase 2 businesses have at least partially implemented one or more
recommendations.

6.1.3.

Estimated benefits

Estimated annual energy and cost savings from projects that have been implemented with an EESBP
rebate can be summarised as follows:
•

19,767 MWh of predicted annual energy savings

•

$4.4m of predicted annual cost savings

6.1.4.

Implementation timelines

The EESBP population lists sites that have already implemented projects.
range from May 2009 to April 2013.

6.1.5.

Implementation dates

Drivers for M&V

The key drivers for pursuing formal M&V are:
1. To quantify the net change in energy use, and associated estimated cost savings and
greenhouse gas reduction by EESBP participants.
2. To develop a reasoned position regarding the feasibility of and requirements that would be
placed on participants to successfully generate ESCs either directly or through Accredited
Certificate Providers (ACPs).

6.1.6.

M&V issues and consideration

1. Scope involves analysis of over 16,000 EESBP participants with a diverse range of sites
involved. As such the independent variables will vary between sites. Each site should be
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analysed individually using a range of models to determine the appropriate one. Not all sites
will successfully model.
2. Participants are located throughout NSW. Accessing data for the most appropriate weather
station will be prohibitive and so representative weather stations will be used.
3. M&V analysis will be conducted to map energy use against weather related variables only.
This will not account for changes in energy use due to site-specific independent variables.
This may include production or occupancy changes, other expansions or retrofits, etc. This will
affect our ability to initially model a site, as well as our ability to establish a causal link between
energy consumption and the impact of energy efficiency projects.
4. Usage only data will be provided. Cost will be estimated using an average rate.

6.1.7.

M&V project personnel and project roles

The table below lists the key stakeholders within this M&V project:
Name / Company

Role

Various

EESBP site participants

Office of Environment and
Heritage
Charles Xu
Steve Procter
Ausgrid, Essential Energy,
Endeavour Energy
Robert Simpson (Ausgrid)

EESPB Program Owner
M&V Project Owner
Program Manager

Network providers and data partners
Ausgrid data provision key contact

Paul Smith (Essential Energy)

Essential Energy data provision key contact

Sam Chen (Endeavour Energy)

Endeavour Energy data provision key contact

Energetics

M&V Practitioner

Robert Sims

M&V design, planning and analysis

Susie Kaye

M&V analysis

6.2.

M&V Plan components

6.2.1.

Measurement boundary

The measurement boundary definition consists of a nominated physical boundary at which the
electricity savings will be assessed.
For this M&V Plan, a separate measurement boundary is defined for each unique EESBP registration
number. Each measurement boundary consists of a ‘whole facility’ boundary based on the total
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incoming electrical supply. Where multiple NMIs exist for a single registration number, they will be
added together to form a whole facility.

6.2.2.

Key parameters and data sources

The key parameters are the data points that are to be measured, collected or estimated as part of
developing the energy model, and they include input energy and independent variables such as
ambient weather to explain or quantify energy usage.
The key parameters and proposed data sources for this project are:
Key Parameter

Data source

EESBP Participant Data
List of EESBP participants including
site information, and details of energy
savings projects

OEH

List describing the linkage between
EESBP registration data and NMIs
against which billing data is listed

Ausgrid, Essential Energy and Endeavour Energy to provide list of
matched NMIs against EESBP registration numbers.

Input electricity demand/use
Input electrical energy (kWh)

Historical billing electricity data:

Input maximum monthly demand (kW
or kVA)

Ausgrid, Essential Energy and Endeavour Energy to provide to
Energetics historical billing data for the list of EESBP participants
provided by OEH the period between 1 January 2008 and 31 March
2013.
Ausgrid will provide pro-rated data, whilst Essential Energy and
Endeavour Energy will provide raw billing data. Energetics will pro-rata
Essential Energy and Endeavour Energy data.
3 months interval data:
Ausgrid to Energetics historical interval data or monthly maximum
demand figures for the list of EESBP participants provided by OEH the
period between 1 January 2008 and 31 March 2013.

Independent Variables
Ambient temperature (Degrees
Celsius)

6.2.3.

Daily temperature data will be sourced from the Bureau of Meteorology.

IPMVP M&V Option

The IPMVP provides four options or approaches for evaluating energy savings. Based on the
measurement boundaries and data available, this M&V plan is based on IPMVP Volume 1, EVO
10000 – 1:2012 and will utilise:
Option C – Whole Facility
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Within this option, savings are determined by conducting regression analysis of historical utility data
and corresponding data for independent variables to create an energy model which is then used to
forecast electricity use across the post-retrofit period in order to determine actual savings.

6.2.4.

Interactive effects

As the measurement boundary for each site relates to the whole facility, no interactive effects have
been considered.

6.2.5.

Baseline measurement period

The baseline measurement period will vary between sites. In general it is defined as the consecutive
12 month period immediately preceding the month identified as the “Install Date” within the EESBP
participant data.
The baseline period may be adjusted backwards up to 12 months where it assists with developing a
viable energy model.

6.2.6.

First 12 months measurement period

The first 12 months measurement period will vary between sites. In general it is defined as the
consecutive 12 month period immediately following the month identified as the “Install Date” within the
EESBP participant data.
The first 12 months measurement period duration will be the minimum of 12 months or the number of
months immediately following the “Install Date” for which energy usage data is available.

6.2.7.

Last 12 months measurement period

The last 12 months measurement period will vary between sites. In general it is defined as the most
recent consecutive 12 month period for which energy usage data is available.
The last 12 months period duration will be the minimum of 12 months or the number of months
immediately following the “Install Date” for which energy usage data is available. Where there are
fewer than 24 months of data following the “Install Date”, the last 12 months measurement period will
overlap with the first 12 months measurement period.

6.2.8.

Approach for developing an energy model

Linear regression analysis will be used to identify a preferred energy model for each site. Regression
analysis involves determining a linear relationship between changes in energy usage based on
corresponding changes to data for independent variables.
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The resulting model will be in the form of an equation that will describe energy use as a function of
each independent variable. The general form of this equation is:
Energy Use (kWh) = a� �� + a� �� + ⋯ a� �� + �
Where a1 to an are coefficients relating to variables x1 to xn and b is a constant.
For this project, four potential models will be tested for each site:
Model 1 – based on multivariable regression against Cooling Degree Days (CDDs) and Heating
Degree Days (HDDs).
Energy Use (kWh) = A x CDDs + B x HDDs + Y

Model 2 – based on single variable regression against Cooling Degree Days (CDDs) only.
Energy Use (kWh) = A x CDDs + Y

Model 3 – based on single variable regression against Heating Degree Days (HDDs) only.
Energy Use (kWh) = B x HDDs + Y

Model 4 – based on single variable regression against days within each calendar month.
Energy Use (kWh) = B x Days + Y

Refer to Section 9.2.1 for information about calculating CDDs and HDDs for ambient temperature
data.
The model that demonstrates the highest correlation against actual baseline energy use will be
selected as the preferred model and will be used for measuring energy savings.
Where the regression of energy data for a site does not produce a suitable linear relationship based
on one of the above models, the site is defined as one with “No Model”. In this case, energy use
during the baseline period is used without adjustment as the basis of developing the business as usual
forecast for the first 12 months and last 12 months periods.
In cases where the first or last 12 month periods commence on a different month to that of the
baseline period, the baseline data is used for each corresponding month, which may involve some
rearrangement to create a like-for-like comparison.
For example, take the situation where a baseline period covers January 2010 to December 2010,
whilst the first 12 months period covers February 2011 to January 2012. In this case, the baseline
value for January 2010 is moved from the start of the baseline series to the end so that the series now
has the time values of February to January to facilitate month-by-month comparison.
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6.2.9.

Approach for adjusting the energy model and calculating savings

Models 1, 2 and 3 will be adjusted by applying updated data for ambient temperature obtained from
the Bureau of Meteorology.
Model 4 will be adjusted by applying the number of days within each month within the first 12 months
measurement period and last 12 months period.
The adjustment of the models will form the “adjusted baseline usage”.
For “No Model” sites, the energy usage during the baseline measurement period will be used for the
“adjusted baseline usage”.
Measured energy savings will be calculated in accordance with IPMVP using the following equations:

Electricity Savings (kWh) = Adjusted Baseline (kWh) – First 12 months (kWh)

Electricity Savings (kWh) = Adjusted Baseline (kWh) – Last 12 months (kWh)

6.2.10. Approach for calculating and reporting savings uncertainty
Each regression model will be validated in accordance with guidance contained within Appendix B of
the IPMVP Volume 1, EVO 10000 – 1:2012. The absolute and relative precision will be calculated at
95% confidence level.
Calculation of overall uncertainty will involve determining the uncertainty associated with the preferred
energy model. Energy data is sourced from billing data and so it is deemed to be 100% accurate.
Savings will be reported along with the absolute and/or relative precision and the associated
confidence level.

6.2.11. Approach for calculating cost avoidance and greenhouse gas emissions reductions
Energy costs will be determined by applying an average rate of $0.20 / kWh to all data including the
adjusted baseline and actual usage. Cost avoidance will then be calculated by subtracting the
Adjusted Baseline Cost from the Actual Cost.
Reductions in greenhouse gas emissions will be determined according to the methods outlined within
the National Greenhouse and Energy Reporting Act Measurement Determination. This method
involves multiplying the measured energy savings by a state-based greenhouse coefficient.
The factor to be used for this project is 0.89 kg CO2-e/kWh.
This factor accounts for emissions attributable to Scope 2 only.
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Data analysis
7.

Data sources

The proposed analysis combines data from the EESBP program, historical energy use data, as well as
data for independent variables in the form of ambient temperature data. Energetics received the
following sets of data:
Table 1: Data sources
Source

Data type

Description

Office of
Environment and
Heritage

EESBP Participant Data

Microsoft Excel file containing details of EESBP participants,
including
•

Unique Registration Number

•

site address details

•

climatic region

•

Industry type

•

Projects being implemented, including estimated
and actual installation cost, potential subsidy, and
forecast cost savings

•

Projects not implemented, including estimated
installation cost and forecast cost savings

Filename: Steve – MV_ActiveRegos - complete.xls
Ausgrid

Electricity Usage Data and
matched NMI list

Microsoft Excel file containing the results of Ausgrid’s NMI
matching exercise, as well as prorated historical data for
available NMI’s.
The data period spans 01 January 2008 to 31 March 2013.
Filenames: OEH EESBP Consumption DataSet ONE
Ausgrid 6May2013.xlsx
OEH EESBP Consumption DataSet TWO Ausgrid
6May2013.xlsx
DailyPeaks_DataSet ONE.xls
DailyPeaks_DataSet TWO.xls
DailyPeaks_DataSet THREE.xls

Essential Energy

Electricity Usage Data

Comma separated variable file containing historical billing
data for matched NMIs.
Filenames: meter_reads_upd.csv
meter_reads_upd part 2.csv

Essential Energy

Matched NMI List

Comma separated variable file containing a list of NMI’s with
corresponding Registration Numbers resulting from
Essential NMI matching exercise.
Filename: EESBP_List.csv
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Source

Data type

Description

Endeavour Energy

Electricity Usage Data

Comma separated variable file containing a list of NMI’s with
corresponding Registration Numbers resulting from
Endeavour NMI matching exercise.
Filename: eesbp.csv

Bureau of
Meteorology

Daily Maximum and
Minimum Temperature
Data

The daily maximum and minimum air temperature is
nominally recorded at 9 am local clock time. It is the
highest/lowest temperature for the 24 hours leading up to
the observation.
Data available from: http://reg.bom.gov.au/climate/data/

7.1.

Weather stations

Sites participating within the EESBP are found throughout NSW, and weather conditions also vary
across the state. In order to maximise the correlation achieved against weather data, it is important to
reference a local weather station, rather than applying a single set of weather data to all sites.
With over 16,000 potential sites, the amount of weather data to be incorporated was prohibitive, and
so a representative weather station was selected for each region of sites represented in the OEH
Registration List. This list included a field called CMA, which contains a reference to a climatic region.
Data from the following weather stations was used in the regression analysis for sites with the listed
CMA.
Table 2: Weather Stations used to represent each CMA
CMA

Representative Weather Station Reference

Sydney Metro

066062-Sydney (Observatory Hill)

Border River Gwydir

056032-Tenterfield

Central West

063291-Bathurst Airport AWS

Hawkesbury Nepean

058208-Casino Airport AWS

Northern Rivers

058130-Grafton Olympic Pool

Southern Rivers

069134- Batemans Bay (Catalina Country Club)

Murray

072160-Albury Airport AWS

Lachlan

050017- West Wyalong Airport AWS

Hunter Central

061055-Newcastle Nobbys Signal Station AWS

Lower Murray Darling

047048- Broken Hill Airport AWS

Murrumbidgee

072150-Wagga Wagga AMO

Namoi

055202-Gunnedah Airport AWS

Western

048245-Bourke Airport AWS
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8.

Assumptions

Whilst analysing and reporting data for this project, the following assumptions were made:
•

Any changes in consumption (savings or increases up to 100%) have been attributed to the
projects – no adjustments have been made to investigate or correct for changes in site
usage that did not result from the project.

•

Increases in consumption greater than 100% were assumed to be due to differences in site
usage patterns not attributable to the projects. These sites were filtered out of the reported
results.

•

Sites were mapped to one of 13 sets of weather data.

•

Where a site registration number appears multiple times in the EESBP participant list, the
first instance was used (install date). If multiple install dates were within 180 days, then
predicted savings for multiple rows was combined.

9.

Data analysis process

The EESBP Registration List was analysed in two parts as follows:
•

Part 1 – determine that data is available and meets minimum criteria to be eligible for
analysis

•

Part 2 – analysis in an attempt to develop a valid regression model from four available
models

The combined process is listed in Table 3 below:
Table 3: EESBP population data analysis process
Step

Description

1

OEH provided details of registered participants to Ausgrid, Essential Energy and Endeavour Energy.
Details included customer name and address.

2

Ausgrid, Essential Energy and Endeavour Energy matched NMIs against customer details as best as
possible and provided Energetics with lists of Registration Reference Numbers with their corresponding
NMI(s).

3

Ausgrid, Essential Energy and Endeavour Energy supplied energy usage data to Energetics from January
2008 to March 2013. Ausgrid provided pro-rated monthly data, whilst Essential and Endeavour provided
billing data with adhoc start and end dates.
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Step

Description

4

Energetics:

5

a)

received data from OEH, Ausgrid, Essential Energy and Endeavour Energy.

b)

pro-rated the Essential Energy and Endeavour Energy usage data into calendar months and
combined the various datasets in order to perform eligibility analysis.

c)

combined multiple NMIs against Registration Numbers

d)

adjusted for duplicate rego entries (aggregate initial savings estimates where projects are
different but implementation periods overlap)

Energetics applied eligibility criteria to data, filtering for:
a)

NMI matches

b)

Sites with minimum 12 months of baseline data

c)

Sites with minimum 1 month of first 12 months data

The result list contained Registration Numbers deemed eligible for further analysis
6

Representative weather stations were chosen for each geographical region (represented by CMA column
within dataset) and obtained daily historical data for each weather station from the Bureau of Meteorology
for the period between 01 January 2008 and 31 March 2013.

7

Energetics employed a site-specific modelling spreadsheet to conduct regression analysis for each site
using four energy models. A worksheet was created for each eligible Registration Number.

8

Energetics conducted regression analysis based on the baseline measurement period, the first 12 months
measurement period and the last 12 months measurement period. The analysis consisted of applying four
models to each dataset and using the most appropriate model for adjusting the baseline data. The models
were based on regression against:
•

Single variable – flat daily usage

•

Single variable - Cooling degree days (CDDs)

•

Single variable - Heating degree days (HDDs)

•

Multi variable – CDDs and HDDs

Modelling was conducted in 2 passes:
st

1 pass: automated pass whereby models were tuned using a baseline period
2nd pass: Manual inspection and fine tuning for sites that did not correlate. Additional correlations
were achieved by adjusting the baseline period to cover a nearby period which would result in a
suitable regression.
The preferred model was then applied to the first 12 months period and the last 12 months period to
create ‘adjusted baselines’. Energy cost and greenhouse savings, and uncertainty (at 95% confidence)
were calculated.
Where sites could not be modelled savings were calculated by simply subtracting the usage from the first
12 months period and last 12 months period from the data from the baseline measurement period without
any adjustments being applied.
9

Results from each site worksheet were collated, aggregated and reported.

Figure 3 below illustrates this process and quantifies the number of eligible Registration Numbers at
each step.
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OEH Registration List
2,861 unique registration
numbers

2,744 (96%) identified
against LNSP

117 registrations not
matched with Ausgrid,
Essential or Endeavour

2,543 (89%) with
NMIs matched by
LNSP

NMIs for 201
registrations not
matched by LNSPs

1,449 (51%) with
data provided for
NMIs

Data not provided for
1,094 regos with
matched NMIs

1,286 (45%) 12
months baseline
data
1,107 (39%)
Reported in
Phase 2

1,107 (39%) in Phase 2
results

648 (23%) registrations successfully
modelled

1,754 registrations
filtered out

459 (16%) registrations could not be
modelled against temperature or daily use

Calculations for:
• Adjusted baseline based on best energy
model (BAU)
• Actual savings against BAU
• Uncertainty @ 95% confidence

129 (4.5%)
modelled for
demand

213 registrations had
data, but less than 12
months of baseline data
or data was zero
179 registrations filtered
out due to:
a) baseline dates prior
to Oct 2010
b) electricity use
increase of >100%

Calculations for:
• Baseline period with no adjustments (period
immediately preceding Install Date)
• Actual savings against static baseline
• Uncertainty not calculated

199 (7.0%) not
modelled for
demand

Report
Figure 3: Data analysis process and registration number eligibility
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9.1.

Data analysis part 1: eligibility analysis

Table 3 and Figure 3 outlined the process for filtering the entire Registration List down to those sites
eligible for site-specific M&V. The initial steps were conducted by Ausgrid, Essential Energy and
Endeavour Energy prior to Energetics receiving the data.
Energetics then standardised the data formats, collated the data from each LNSP and applied the final
steps to the process.
The table below summarises the filtering of Registration Numbers for each LNSP.
Table 4: Population eligibility by LNSP (number of eligible Registration Numbers resulting from each data
analysis step)
Data Analysis Step

Ausgrid

Essential

Endeavour

OEH rego list

Total

Notes

2,861

Part 1: Eligibility
Identification by
LNSP

1,280

728

736

2,744

117 filtered

NMI matched

1,155

707

681

2,543

NMIs for 201 regos not
matched

Data provided for
NMIs

1,053

369

27

1,449

data not provided for NMIs for
1,094 regos

365 day baseline
data?

1,024

251

11

1,286

213 sites did not have enough
baseline data or data was zero

Filter out sites with
old baseline periods
(phase 1 sites)

858

239

10

1,107

Remove sites with electricity
increases of >100% and report
baseline periods commencing
after October 2010 only

Eligible for analysis
and reporting –
Phase 2

858

239

10

1,107

Successfully
modelled

648

135

8

648

% of regos with data

62%

65%

30%

Part 2: Modelling
648 of 1,107 regos modelled

% of all regos

23%

Eligibility for demand
modelling

328

Site must have interval data
available.

129

129 out of 328 modelled for
demand

Successfully
modelled for demand

129

n/a

n/a
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9.2.

Data analysis part 2: site based regression

Energetics used proprietary analysis tools to conduct site based regression for each of the 1,107
eligible Registration Numbers. The intent was to apply the standard savings equation by:
1. Developing an energy/demand model to explain usage within the baseline period as a function
of independent variables. If more than one model applies, then choosing the most appropriate
model.
2. Validating the preferred model against regression analysis sanity checks.
3. Calculating the uncertainty associated with the preferred model to 95% confidence level,
4. Using the model to adjust the baseline for conditions within the ‘first 12 months’ and ‘last 12
months’ periods
5. Subtracting the ‘Actual’ energy use/demand from the forecasts to determine savings.
6. Applying default rates to calculate cost avoidance and greenhouse gas emission reduction.

9.2.1.

Weather variance

Based on past experience, changes in ambient temperature conditions can greatly impact energy
usage for sites that operate heating, air conditioning or refrigeration systems. These systems are
controlled to achieve controlled internal conditions which are impacted by external conditions, which
vary on an hourly, daily and annual basis.
For this project the changes in ambient temperature have been chosen as an independent variable
and a proxy known as degree days has been determined to evaluate the effects of heating (Heating
Degree Days) and cooling (Cooling Degree Days). Three of the four energy models analysed attempt
to correlate energy use against either CDDs, HDDs or both.
Calculating Degree Days
Degree days are determined by:
1. Averaging the daily maximum and minimum temperatures obtained from the Bureau of
Meteorology [Average Daily Temperature]
2. Choosing a reference or target temperature [Balance Point]
3. Applying the following formulas to calculate HDDs and CDDs:
CDDs
If [Average Daily Temperature] > [CDD Balance Point] then
CDDs (1 day) = [Average Daily Temperature] - [CDD Balance Point]
Else: CDDs (1 day) = 0
HDDs
If [Average Daily Temperature] < [HDD Balance Point] then
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HDDs (1 day) = [HDD Balance Point] - [Average Daily Temperature]
Else: HDDs (1 day) = 0
4. The daily figures for HDDs and CDDs are then summated into monthly totals for comparison
against the monthly energy use.
The trend in Figure 4 illustrates the monthly cooling degree days for the Northern Rivers CMA,
calculated using a CDD balance point of 18°C. From the chart we can clearly see a seasonal trend
with the peaks occurring during the summer months (months 10 to 2 each year). Interestingly the
trends also vary between years.

Figure 4: 4-Year monthly CDD trend for Northern Rivers CMA (balance point=18°C)

Table 5 below lists the total annual CDDs for each calendar year for the same weather station and
balance point.
The last column contains the variance for each year against the 4-year average. We can see that the
annual CDDs varies between 2,827 and 3,147; differences of -2.9% and +8.1% against the average.
Table 5: Calendar year CDDs for Northern Rivers CMA and variance against average (balance point=18°C)
Year

Total CDDs

Variance (%) against average

2008

2,926

+0.5%

2009

2,748

-5.6%

2010

3,147

+8.1%

2011

2,827

-2.9%

Average

2,912

-
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Similar trends for CDDs can be calculated at different balance points. Within Figure 5 below we can
see CDDs calculated for the same weather station, this time with a balance point of 25°C. Due to this
high balance point we can observe:
•

The overall number of CDDs is much lower

•

There are very few or no CDDs in the winter months (essentially the average temperature
never rises above 25°C).

•

The year-on-year differences are more pronounced.

Figure 5: 4-Year monthly CDD trend for Northern Rivers CMA (balance point=25°C)

Looking at the annual totals as seen in Table 6, the increase in variance becomes more evident with
annual totals varying between -16.4% to +22.9% of the average.
Table 6: Calendar year CDDs for Northern Rivers CMA and variance against average (balance point=25°C)
Year

Total CDDs

Variance (%) against average

2008

826

+0.1%

2009

690

-16.4%

2010

1,011

+22.4%

2011

775

-6.1%

Average

825

-
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9.2.2.

Weather data for demand analysis

The proposed analysis approach will be conducted on maximum monthly demand as well as energy.
However the relationship between demand and CDDs or HDDs is different to that of energy. Unlike
the energy/weather relationship, we are not interested in the cumulative effect of weather throughout
each month; we are interested in the relationship between the maximum monthly demand and the
CDDs and/or HDDs for the corresponding day in which the maximum occurs, ignoring any other days.
This concept is summarised in the table below for a sample NMI. To determine the monthly CDDs for
the energy analysis previously described we simply aggregate the daily CDDs. In this case, the
monthly CDDs total 280.16.
For demand analysis, we locate the day within the month with the highest maximum demand, and
then select the CDDs for that day only.
Table 7: Example of selection of CDDs for demand analysis
Day of
Month

Daily Maximum
Demand (kVA)

CDDs

Day of
Month

Daily Maximum
Demand (kVA)

CDDs

1

73.2

11.22

17

74.15

5.15

2

73.18

5.39

18

76.19

5.67

3

65.53

5.59

19

73.9

7.30

4

71.92

8.09

20

78.08

10.51

5

74.84

9.75

21

79.57

11.27

6

73.97

9.74

22

79.37

14.06

7

73.79

11.23

23

80.78

13.23

8

74.35

6.00

24

70.7

15.25

9

79.19

5.33

25

76.06

8.29

10

77.38

6.36

26

76.5

8.50

11

72.87

7.38

27

78.84

7.57

12

80.76

8.21

28

80.01

9.60

13

77.1

8.73

29

82.38

10.44

14

76.59

10.90

30

75.3

10.31

15

75.46

11.29

31

73.56

10.54

16

73.53

7.26
Total CDDs for energy analysis

280.16

CDDs on day of maximum demand for demand analysis

10.44

© Energetics Pty Ltd 2015

24

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2

9.2.3.

Regression analysis

Each site was analysed using four energy models to determine the preferred model that best fit with
the historical energy usage patterns. The energy models attempt to explain energy use as a function
of the ‘independent variables’.

An example of an energy model is shown for a single site in Figure 6 below in which energy use is
correlated against cooling degree days.

Daily Electricity Usage (kWh / day)

60.00
y = 0.0591x + 39.25
R² = 0.7943

50.00
40.00
30.00
20.00
10.00
0.00
0

20

40

60

80
100
120
Cooling Degree Days (CDDs)

140

160

180

Figure 6: Example regression analysis (balance point=25°C)

We can see that the data points on the XY scatter plot form a linear trend, with energy use increasing
in a linear fashion with a corresponding increase in CDDs. A line of best fit is also shown and the
equation for that line becomes the energy model, namely:
Energy Use = 0.0591 x [CDDs] + 39.25
2

The coefficient of determination (R ) describes the ‘appropriateness of fit’, or in other words, how well
2
the data points fit the trend line. An acceptable R value is 0.75 or better.

Iterative analysis was conducted for each model by altering the values for CDD and HDD balance
2
points in order to maximise the R value. As the balance points change, so too does the number of
CDDs and/or HDDs. The change in CDDs is not uniform between months due to the unique weather
patterns, and so the alignment of points along a line of best fit changes as the balance point changes.
In the case of CDDs, lowering the balance point increases the number of CDDs, which results in data
points being shifted horizontally to the right.
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Figure 7 below shows the same energy model for a balance point of 18°C. We can see that the trend
no longer fits the line (noting that the line has also changed). The R2 value has also dropped from 0.79
seen earlier to be 0.63, which is no longer acceptable. We have ‘de-tuned’ the model.
y = 0.0298x + 35.818
R² = 0.6346

50.00

Daily Electricity Usage (kWh / day)

45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00
0

50

100

150
200
250
Cooling Degree Days (CDDs)

300

350

400

Figure 7: Regression Model (balance point=18°C)

Once all models were tuned, each model was validated to confirm the following requirements were
met:
Temperature based regression models:

Daily usage model:

2

•

R > 0.75

•

Values for each coefficient > 0

•

t-stats for all coefficients > 2

•

Standard Error < 5%

Finally, the preferred model was selected from all “VALID” models based on the model that has the
smallest Standard Error. This model was then used to forecast ‘business as usual’ energy use across
the post-retrofit period from which the project savings were then derived.
Alternatively, where no models were deemed VALID, no forecast was made. Rather savings were
‘approximated’ by simply subtracting the energy usage from post-retrofit period from the energy usage
from the baseline period without applying any adjustments.

9.2.4.

Uncertainty associated with the preferred model and savings

Where a valid model was obtained, the uncertainty associated with the model and with the calculated
savings was calculated.
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The process for calculating savings uncertainty was:
1. The overall Standard Error (SEbaseli�e model ) was obtained for the preferred model (units: kWh)
2. The Absolute Precision was calculated by multiplying the Standard Error by a t-statistic
obtained from statistics tables for the sample size (12 months) and desired confidence level
(95% confidence was chosen) as follows:
A�solute Precision = SEbaseli�e model x T - Statistic
3. The Relative Precision was calculated by dividing the Absolute Precision by the average value
outputted by the model.
A�solute Precision
Average -onthly :alue -rom -o-el

Relative Precision =

4. The Saving Uncertainty for month was determined as follows:
SE Savings(month) =
where: SEpost-retrofit

SEbaseli�e model � - SEpost-retrofit �

= 0 (as actual invoices are deemed to have no uncertainty)

5. Savings uncertainty for a year was determined as follows:
SE Savings(year) = )12 x (SE Savingsmo�th )�

6. Absolute Precision for savings was calculated by multiplying the Standard Error for the
savings by a t-statistic obtained from statistic tables for the sample size (12 months) and
desired confidence level (95% confidence was chosen) as follows:
A�solute Precision (savings) = SE Savings (year) x T - Statistic

7. Finally, Relative Precision for savings was calculated by dividing the Absolute Precision for
savings by the measured savings figure.
Relative Precision (savings) =

9.3.

A�solute Precision (savings)
-easure- Savings

Site energy analysis results

An output table and charts was prepared for presenting the energy analysis results for each site.
Figure 8 and Figure 9 below illustrates the output of the analysis conducted.
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Program

EESBP

Rego

7740

Site

Pascal Press

ANZSIC

Information Media and Telecommunications

NMI

NCCCZ01670

CMA

Sydney Metro

NMI#2

LNSP

Ausgrid

NMI#3

NMI#4

Site details
including
Registration
Number

NMI#5
Project type

Lighting
1-Feb-10

to

31-Jan-11

Savings Analysis Period

1-Jul-11

to

30-Jun-12

Last 12 Month Period

1-Apr-12

to

31-Mar-13

Baseline Period

Correlating Function

Baseline and
savings analysis
time periods
Energy model

f(CDD)

Electricity (kWh)

Cost ($ @ $0.2/kWh)

Greenhouse Gas Emissions
(tCO2-e @ 0.89kgCO2 e/kWh)

Uncertainty (% at 95%
confidence)

Adjusted Baseline

197,326

39,465

176

10.5%

Actual Consumption

155,005

31,001

138

0.0%

Change in consumption

42,321

8,464

38

13.9%

Change in consumption %

21.4%

21.4%

21.4%

Electricity (kWh)

Cost ($ @ $0.2/kWh)

Greenhouse Gas Emissions
(tCO2-e @ 0.89kgCO2 e/kWh)

Uncertainty (% at 95%
confidence)

Adjusted Baseline

199,663

39,933

178

10.5%

Actual Consumption

161,889

32,378

144

0.0%

Change in consumption

37,775

7,555

34

13.9%

Change in consumption %

18.9%

18.9%

18.9%

Actual Savings - PostInstallation period

Actual Savings - Last 12
Month Period

Analysis results

Figure 8: Site energy analysis data table

From the first chart on the next page, we can clearly see the baseline, first 12 months and last 12
months periods highlighted in red, blue and green respectively; where the first 12 months and last 12
months period overlap, columns are coloured in blue and green. The modelled usage (black line)
closely follows the actual baseline data.
This is magnified within the second chart, which focuses on comparing the actual data against the
modelled data for each month within the baseline period.
Finally the savings during the first 12 months period are illustrated as the difference between the
modelled forecast and the actual usage.
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Figure 9: Site energy analysis charts
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9.4.

Site demand analysis results

An output table and charts was prepared for presenting the demand analysis results for each site.
Figure 10 and Figure 11 below illustrates the output of the analysis conducted.
Program

EESBP

Rego

7740

Site

Pascal Press

ANZSIC

Information Media and Telecommunications

NMI

NCCCZ01670

CMA

Sydney Metro

NMI#2

LNSP

Ausgrid

NMI#3

NMI#4

Site details
including
Registration
Number

NMI#5
Project type

Lighting
1-Jun-10

to

31-May-11

Savings Analysis Period

1-Jul-11

to

30-Jun-12

Last 12 Month Period

1-Apr-12

to

31-Mar-13

Baseline Period

Correlating Function
Actual Savings - PostInstallation period

Baseline and
savings analysis
time periods
Demand model

f(CDD)
12 month aggregated demand
saving (kW)

Savings for peak month
only (kW)

Capacity/ratchet savings
(kW)

Uncertainty (% at 95%
confidence)

Adjusted Baseline

665

69

69

21.3%

Actual Demand

545

55

55

0.0%

Saving

120

14

14

33.7%

18.0%

20.2%

20.2%

12 month aggregated demand
saving (kW)

Savings for peak month
only (kW)

Capacity/ratchet savings
(kW)

Uncertainty (% at 95%
confidence)

Adjusted Baseline

693

78

78

21.3%

Actual Demand

564

55

60

0.0%

Saving

130

23

18

33.7%

18.7%

29.8%

23.4%

Savings %

Actual Savings - Last 12
Month Period

Savings %

Analysis results

Figure 10: Site demand analysis data table

Results from the analysis were calculated in three ways:
1. 12 month aggregated demand savings – The first column lists the sum of monthly demand
savings for the first 12 month and last 12 month periods. This figure would be used for sites
that are billed for monthly maximum demand without any capacity charges.
2. ‘Peak Month’ demand savings – This column lists the savings associated with the months
within the first 12 month and last 12 month periods that have the highest forecast maximum
monthly demand. The savings figure represents the savings that have been made within those
months between the business as usual forecast and the corresponding actual demand.
3. Capacity/Ratchet demand savings – This column lists the savings associated with a change in
an annual capacity charge. This is calculated as the difference of the two maximum monthly
demand figures within the same 12 month periods, irrespective of the month in which they
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occurred. This figure estimates the potential drop in an annual capacity or ratchet based
demand charge.
From the first chart on the next page, we can clearly see the baseline, first 12 months and last 12
months periods highlighted in red, blue and green respectively; where the first 12 months and last 12
months period overlap, columns are coloured in blue and green. The modelled demand (black line)
closely follows the actual baseline data.
This is magnified within the second chart, which focuses on comparing the actual data against the
modelled data for each month within the baseline period.
Finally the savings during the first 12 months period are illustrated as the difference between the
modelled forecast and the actual demand.

© Energetics Pty Ltd 2015

31

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2

Chart with actual and
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Figure 11: Site demand analysis charts
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Results
A total of 2,861 unique registrations were analysed and filtered down to 1,107 unique registrations for
the purposes of calculating results.
Of those, 648, or 59%, were successfully modelled. In these cases the calculated savings represent
the baseline usage adjusted for changes in ambient conditions minus the actual first 12 months period
usage and last 12 months period usage.
For the remaining 459 registrations energy use could not be explained to an acceptable level by any of
the four chosen models. In these cases the calculated savings represents the actual baseline usage
without any adjustments minus the actual first 12 months period usage and last 12 months period
usage.

10.

Overall results

The table below summarises the overall change in performance (termed ‘usage savings’) for the 1,107
reportable registrations.
Table 8: EESBP savings analysis results
Category

Number of
Regos

BAU Usage
(kWh)

Actual Usage
(kWh)

Usage Savings
(kWh)

Savings % of
BAU

Measurement period = 1st 12 months
Modelled sites

648

39,591,515

36,583,003

3,008,512

7.6%

‘No model’ sites

459

12,015,869

11,374,592

641,277

5.3%

1,107

51,607,384

47,957,595

3,649,789

7.1%

st

Total ’1 12 months’

Measurement period = Last 12 months
Modelled sites

648

39,487,233

35,526,555

3,960,678

10.0%

‘No model’ sites

459

11,855,486

11,005,108

850,378

7.2%

1,107

51,342,720

46,531,664

4,811,056

9.4%

Total Last 12 months

Note, results for registrations with savings calculated as greater than 100% or less than -100% are not
2
reported.

2

Results for sites that have shown energy use increases above +100% (i.e. usage has doubled) have been removed from the
reported results due to the assumption that increases in energy use at these sites are due to material changes site operation
due to factors not related to energy efficiency project implementation.
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NOTE: ‘usage savings’ represents the difference in actual energy use and the business as usual
forecast. A key assumption within the figures above and those that follow is that the change in usage
is due to the EESBP.
This is further explained in the next section.

11.

Variance in ‘savings’

As mentioned, the term ‘usage savings’ implies that all non-routine and routine adjustments for each
site have been considered and incorporated into the energy models in order to suitably adjust the
baseline and create a ‘like-for-like’ comparison against actual usage.
As discussed in section 9.2, the modelling undertaken in this analysis has focused on weather related
variables (or lack thereof) in order to understand energy use. These models do not incorporate input
from sites regarding other factors that may have influenced energy use.
In lieu of contacting each site to gain a detailed understanding of changes to site operations we cannot
guarantee that every site energy model developed (and hence subsequently calculated changes in
usage) are solely attributable to the energy projects.
It is clear from reviewing the trends at a site level that there are sites where the change in
performance is obvious as the baseline is stable and the change is consistent. For other sites the
consumption patterns are less predictable or there has been no obvious improvement in performance.
For the purposes of this project, the population has been divided into sites that were successfully
modelled and those for which a model wasn’t obtained. For the successfully modelled sites, a stable
baseline has been obtained when adjusted for one of the four chosen energy models, and hence more
confidence has been placed on these as describing the change in performance. Within the next
section the results for the modelled sites are analysed.
The non-modelled sites are not analysed in further detail as a viable energy model could not be
obtained, and therefore we have not been able to satisfactorily explain baseline performance.
However for the purposes of completeness and comparison between the two groups, these results are
summarised in the overall results.
All sites within each group have been included in the analysis as we are unable to differentiate
between project savings and changes in usage due to other reasons. The intention is to capture the
overall change in performance and focus on the larger subcategories for more detailed information.
When sub-categorised into Industry Type or Climatic Region the numbers of sites within smaller
subcategories may cause outliers to skew specific results.
As stated within Table 8 the aggregated ‘savings’ for the population are 7.1% in the first 12 months
period and 9.4% in the last 12 months period.
When analysed at the site level, the individual savings vary significantly. This is illustrated in Figure 12
for modelled sites and Figure 13 for non-modelled sites; both figures show savings for the first 12
months period.
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Figure 12: Histogram of site savings against BAU - modelled sites
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Figure 13: Histogram of site savings against BAU - non modelled sites

It can be seen in both cases that there are a significant number of sites that have not achieved any
savings; indeed usage has increased. However the overall distribution supports the total savings result
st
with “average” savings within the 1 12 month measurement period of 7.6% for modelled sites and
5.3% for non-modelled sites (with outliers above 100% or below -100% removed).
This inclusive view, and resulting ‘lack of savings’ at some sites, explains why some figures in the
following sections are negative.
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A caveat to this claim relates to the fact that in reality the energy usage ‘savings’ discussed here
cannot be directly or wholly linked to the implementation of energy efficiency projects. Other factors
such as changes in production levels or operations may be the cause of changes for individual sites.
Economic factors such as changes in energy prices and reduced consumer confidence across the
time period reviewed may also be contributing factors. Both OEH and Energetics recognise these
facts.
We believe that although we can point to limitations of the energy model for individual enterprises, and
the subsequent variation in savings at enterprise level, the use of a comprehensive and program-wide
dataset and inclusion of data without bias provides stronger validity of program impacts at aggregate
level.
A ‘control group’ could not be obtained for comparison against the participant group. As a result the
true benefit of the EESBP cannot be strictly quantified however the data contains evidence of the
benefit of the program through the comparison of the savings histograms for first 12 months
performance against last 12 months performance. This is discussed in more detail in Section 12.6.

12.

Analysis of all modelled sites

12.1.

Summary of modelling

As mentioned, 648 or 59% of sites were successfully modelled. Of those, 341 sites correlated against
Cooling Degree Days “f(CDD)”, followed by 155 that exhibited flat profiles “f(days)”. This demonstrates
that for around half of all sites energy use patterns are consistent and usage only varies due to
changes in ambient temperature which typically affects space heating and cooling, and refrigeration
needs.

Figure 14: Break up of sites based on preferred energy model

The next sections summarise results for modelled sites by Industry Type and Climatic Region.

© Energetics Pty Ltd 2015

36

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2

12.2.

Results for modelled sites by industry type

This section summarises the first 12 months period savings associated with modelled sites according to the industry type of the site where the project was
implemented. Retail Trade and Accommodation and Food Services are the two most prevalent industry types. The preferred model and number of sites that
successfully modelled varied between site Industry Types. Figure 15 below illustrates the percentage of models obtained within each Industry Type.
f(CDD)

f(CDD,HDD)

f(days)

f(HDD)

No Model 

100% 
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40% 
30% 
20% 
10% 
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Figure 15: Percentage of modelled sites by Model and Industry Type
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The results of the modelling broken down by industry type are summarised in Table 9 below.
Table 9: First 12 months period savings summary for modelled sites by Industry Type
ANZSIC Category
Sites

BAU Usage
(kWh)

Actual Usage
(kWh)

Usage Savings
(kWh)

Cost Savings($
@ $0.20/kWh)

GHG Emissions
Reduction (tCO2-e @
0.89kgCO2-e/kWh)

Savings %
of BAU
(kWh)

Accommodation and Food Services

180

15,023,097

14,114,120

908,977

181,795

809

6.1%

Administrative and Support Services

10

230,376

199,408

30,968

6,194

28

13.4%

Agriculture, Forestry and Fishing

9

403,666

372,988

30,678

6,136

27

7.6%

Arts and Recreation Services

10

1,027,375

884,091

143,284

28,657

128

13.9%

Construction

10

338,887

296,928

41,959

8,392

37

12.4%

Education and Training

16

388,700

341,327

47,373

9,475

42

12.2%

Electricity, Gas, Water and Waste
Services

1

100,404

88,405

11,999

2,400

11

12.0%

Financial and Insurance Services

8

475,650

428,387

47,262

9,452

42

9.9%

Health Care and Social Assistance

18

372,551

322,299

50,253

10,051

45

13.5%

Information Media and
Telecommunications

2

232,563

189,171

43,392

8,678

39

18.7%

Manufacturing

40

1,918,375

1,877,976

40,399

8,080

36

2.1%

Mining

1

4,153

4,269

-116

-23

0

-2.8%

Other Services

32

440,968

428,398

12,569

2,514

11

2.9%
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ANZSIC Category
Sites

BAU Usage
(kWh)

Actual Usage
(kWh)

Usage Savings
(kWh)

Cost Savings($
@ $0.20/kWh)

GHG Emissions
Reduction (tCO2-e @
0.89kgCO2-e/kWh)

Savings %
of BAU
(kWh)

Professional, Scientific and Technical
Services

42

1,282,820

1,160,184

122,635

24,527

109

9.6%

Public Administration and Safety

1

47,040

44,388

2,653

531

2

5.6%

Rental, Hiring and Real Estate Services

31

2,093,167

1,829,631

263,536

52,707

235

12.6%

Retail Trade

190

12,437,351

11,588,272

849,079

169,816

756

6.8%

Transport, Postal and Warehousing

10

893,882

789,624

104,259

20,852

93

11.7%

Wholesale Trade

26

1,241,120

1,058,190

182,930

36,586

163

14.7%

Unknown

11

639,372

564,949

74,423

14,885

66

11.6%

Grand Total

648

39,591,515

36,583,003

3,008,512

601,702

2,678

7.6%

The vast majority of projects within the modelled sites have been implemented within the Retail Trade and Accommodation and Food Services industries.

© Energetics Pty Ltd 2015

39

MEASUREMENT AND VERIFICATION OF ENERGY SAVINGS WITHIN THE ENERGY EFFICIENCY
FOR SMALL BUSINESS PROGRAM – PHASE 2

12.3.

Results for modelled sites by climatic region

This section summarises the savings associated with modelled sites according to the region where site is located. Figure 16 below illustrates the percentage
of models obtained within each climatic region.
f(CDD)

f(CDD,HDD)

f(days)

f(HDD)

No Model 
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Figure 16: Percentage of modelled sites by Model and Climatic Region
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The results of the modelling broken down by industry type are summarised in Table 10 below.
Table 10: First 12 months period savings summary for modelled sites by climatic region
Climatic Region
Sites

BAU Usage (kWh)

Actual Usage (kWh)

Usage Savings
(kWh)

Cost Savings($
@ $0.20/kWh)

GHG Emissions
Reduction
(tCO2-e @

Savings % of
BAU (kWh)

0.89kgCO2-e/kWh)

Border River Gwydir

2

527,064

529,737

-2,674

-535

-2

-0.5%

Central West

7

708,369

708,029

340

68

0

0.0%

Hawkesbury Nepean

4

119,969

101,363

18,606

3,721

17

15.5%

Hunter Central

95

6,396,342

5,794,883

601,459

120,292

535

9.4%

Lachlan

9

790,655

762,592

28,063

5,613

25

3.5%

Lower Murray Darling

5

242,364

229,991

12,373

2,475

11

5.1%

Murray

12

1,201,438

1,031,798

169,640

33,928

151

14.1%

Murrumbidgee

19

940,466

902,956

37,510

7,502

33

4.0%

Northern Rivers

48

3,577,710

3,514,943

62,767

12,553

56

1.8%

Southern Rivers

23

611,213

595,496

15,716

3,143

14

2.6%

Sydney Metro

424

24,475,926

22,411,215

2,064,711

412,942

1,838

8.4%

Grand Total

648

39,591,515

36,583,003

3,008,512

601,702

2,678

7.6%

The vast majority of projects within the modelled sites have been implemented within the Sydney Metro and Hunter Central regions.
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12.4.

Comparison of measured savings versus prior predicted savings figures

The following table summarises the comparison of measured first 12 months period savings for successfully modelled sites against the prior predicted energy
savings based on initial audit findings and/or engineering estimates.
Table 11: Comparison of actual 1st 12 months savings to prior predicted savings
Model or no
model?

Number of
Regos

BAU
Consumption
(kWh)

Actual
Consumption
(kWh)

Electricity
Savings
(kWh)

Prior predicted electricity
savings (kWh)

Actual minus Predicted
Electricity Savings (kWh)

Actual minus Predicted
Electricity Savings (%)

Modelled

648

39,591,515

36,583,003

3,008,512

4,487,284

-1,478,772

-33.0%

No Model

459

12,015,869

11,374,592

641,277

2,572,865

-1,931,588

-75.1%

1,107

51,607,384

47,957,595

3,649,789

7,060,150

-3,410,360

-48.3%

Total

It can be seen that for the modelled sites, although around 3.01 MWh of measured net ‘savings’ has been observed, this is around two-thirds (-33%) the value
of the prior predicted savings (4.49 MWh). However, this is distorted by the fact that some sites have seen an increase in electricity use, contrary to the
prediction of energy savings.
Table 12 below provides the same results for only those sites where positive electricity savings were measured for the first 12 months period; this provides a
less distorted comparison between predicted savings and savings achieved. From this filtered view, the correlation between measured and prior predicted
savings is much higher.
Table 12: Comparison of actual 1st 12 months savings to prior predicted savings; sites with positive savings only
Model or no
model?

Number of
Regos

BAU
Consumption
(kWh)

Actual
Consumption
(kWh)

Electricity
Savings
(kWh)

Prior predicted electricity
savings (kWh)

Actual minus Predicted
Electricity Savings (kWh)

Actual minus Predicted
Electricity Savings (%)

Modelled

506

31,657,998

27,939,961

3,718,037

3,639,709

78,328

2.2%

No Model

320

7,769,239

6,473,693

1,295,546

1,848,569

-553,023

-29.9%

Total

826

39,427,237

34,413,654

5,013,583

5,488,278

-474,695

-8.6%
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With this view, although the overall variance between Actual and Predicted savings is -8.6%%, at a site level the variance is more unpredictable. Figure 17
below shows a histogram of the variance in first 12 months period savings between actual and predicted across modelled sites.

Variance between actual and predicted energy savings:
(Actual - Predicted)/BAU Usage (Positive Savings only)
25%

% of Sites

20%

15%

10%

5%

0%

Figure 17: Histogram of variance between Actual Savings and Prior Predicted Savings by site – first 12 months period; modelled sites with positive savings only

This histogram shows a large number of sites where the measured savings is half or less the prior prediction. It should be noted, however, that this data can
be open to skew due to differences in site operations and hence baseline usage between the time of assessment and the baseline period.
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12.5.

Savings uncertainty for modelled sites

Savings uncertainty was calculated for each site where an energy model was obtained. The reason for
this is that we are applying an energy model which is a ‘best fit’ to forecast business as usual. The fact
is that the true value falls within a range close to the modelled value.
Savings uncertainty uses statistics, based on a normal distribution curve centred on the modelled
value, to provide a range or tolerance in which the true savings values falls based on the energy
model.
Expressing uncertainty is based on providing both a range and confidence level, as they are related.
As we increase the range in which the value may fall, our confidence also increases.
Savings uncertainty can be expressed as either:
Absolute Precision: units = kWh
Relative Precision: units = %
The process for calculating savings uncertainty is described in Section 9.2.4. Absolute and Relative
Precision was calculated for each modelled site, as well as the population. Overall figures for the
population are shown below:
Table 13: Savings summary including Absolute and Relative Precision for modelled sites
Metric

Value

Number of Regos

648

First 12 months period BAU Usage (kWh)

39,591,515

First 12 months Actual Usage (kWh)

36,583,003

Measured Usage Savings (kWh)

3,008,512

Savings % of BAU (kWh)

7.6%

Absolute Precision (@ 95% confidence)

±33,556

Relative Precision (@ 95% confidence)

±0.1%

Thus the first 12 months period savings for modelled sites can be stated as:
First 12 months period savings = 3,008,512 kWh ± 0.8% at a 95% confidence level, or
= 3,008,512 kWh ± 33,556 kWh at a 95% confidence level
Alternatively we can state that:
We are 95% confident that First Year savings from modelled sites falls between:
2,974,956 kWh and 3,042,068 kWh, or
7.51% and 7.68%
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At a site level the Absolute Precision varies significantly due to the size of the site’s energy usage. The
Relative Precision also varies significantly as it is a function of both the Absolute Precision and more
significantly, the size of the savings (i.e. the lower the savings, the higher the Relative Precision for a
given Absolute Precision).
The relationship between the size of savings and Relative Precision is best illustrated by the figure
below; we can see that there is a broad range in the Relative Precision.
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3

Figure 18: Relative Precision versus Savings against BAU by site – first 12 months period

12.6.

Comparison between first twelve months and last twelve months savings

Savings persistence is an important issue for OEH and the inclusion of ‘1st’ and ‘Last’ twelve month
periods in this analysis was designed to provide OEH with an indicator of program persistence.
The data in Table 14 below summarises the change in performance (i.e. Usage Savings) against
business as usual forecasts for sites within the Phase 2 analysis dataset.
As shown, the overall calculated savings for modelled sites during the last 12 months period were
about a third higher than the calculated savings during the first 12 months period: these were 9.4% in
the later period versus 7.1% in the earlier period.
Table 14: Savings percentage of Business as Usual (BAU) - by population sub-group
Analysis

1st 12 months

Last 12 months

Modelled

7.6%

10.0%

Not Modelled

5.3%

7.2%

Total

7.1%

9.4%

3

Note; six sites with a relative precision above 1,000% are not included in this figure
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This calculated increase in savings over time is further demonstrated for modelled sites in the
histograms shown below.
20%

Average saving:
1st 12 months= 7.6%
Last 12 months = 10.0%
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1st 12 months % savings

Last 12 months % savings

Figure 19: Histogram of site savings against BAU

As can be seen, the histograms are very tightly aligned, which demonstrates a high level of savings
persistence across the two periods.
The increase in calculated savings between the first 12 months period and last 12 months period may
be due to the following:
•

As described in section 6.2.6, the first 12 months period is defined as the period starting
immediately following the month identified as the “Install Date”; this assumes that the
installation of the rebated energy saving project is complete within one month and that full
savings commence immediately. It is possible that the time to implement some projects was
longer than 1 month and that energy savings were only realised after a few months. If this is
the case, the first 12 months period will underestimate the annual savings achieved from a
project. It is more likely that the last 12 months periods have captured the full annual savings
achieved.

•

As stated in section 6.1.2, many businesses implemented energy savings recommendations
for which they did not receive a rebate. The date these non-rebated recommendations were
implemented is not known; however it is possible these were implemented during or after the
first 12 months period. It is more likely that the last 12 months period has captured savings
from non-rebated measures.

•

Over half of the businesses assessed by Databuild in May-June 2012 had intentions to
implement further recommendations. If these businesses did implement more
recommendations then energy savings are likely to increase over time.
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12.7.

Demand analysis

In addition to modelling energy savings, a select group of NMIs was chosen for modelling demand
reduction. As described previously the overall approach was similar to that for energy analysis,
however the CDDs and/or HDDs used corresponded to the day within each month that the maximum
occurred, rather than comprising a sum of degree days across all days within each month.
Sites were chosen for analysis if interval data was available.
129 of the 328 sites were modelled against demand; 73 had results for a CDD based model, 17 for a
CDD and HDD based model, 6 for a HDD based model, and 33 with a flat demand profile.
Interestingly, 24 the sites that modelled for both energy and demand correlated using a different model
type for demand to that used to model energy savings for the corresponding site, while 29 sites
modelled for demand but not for energy.
For the sites that successfully modelled, demand savings were calculated by subtracting the postretrofit ‘Actual’ maximum monthly demand from the ‘business as usual’ forecast maximum monthly
demand as determined by the model. For sites that did not model, the post-retrofit ‘actual’ demand
was subtracted from the ‘baseline’ maximum monthly demand without applying any adjustments, apart
from ensuring that corresponding months were aligned (i.e. January compared to January).
For all sites, the following changes in demand were calculated:
1. 12 month aggregated demand savings – the sum of monthly demand savings for the 12 month
post-retrofit period.
2. ‘Peak Month’ demand savings – the savings associated with the month within the post-retrofit
period that has the highest forecast maximum monthly demand. The savings figure represents
the saving that has been made within that month between the business as usual forecast and
the corresponding actual demand.
3. Capacity/Ratchet demand savings – the savings associated with a change in an annual
capacity charge. This is calculated as the difference of the two maximum monthly demand
figures within the same 12 month post-retrofit period, irrespective of the month in which they
occurred. This figure estimates the potential drop in an annual capacity or ratchet based
demand charge.
The tables below summarises the comparison between site energy savings, aggregated annual
demand savings, peak month demand savings and capacity savings for the first 12 months period and
last 12 months period. Note, results for registrations with savings calculated as greater than 50% or
less than -50% are not reported.
Table 15: Demand analysis results summary – BAU versus first 12 months
Metric

Energy Use
(kWh)

12 Month Aggregated
Demand (kVA)

Peak Month
(kVA)

Capacity (kVA)

Business as Usual

39,591,515

61,994

6,934

6,934

Actual

36,583,003

58,462

6,046

6,532

Modelled sites
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Metric

Energy Use
(kWh)

12 Month Aggregated
Demand (kVA)

Peak Month
(kVA)

Capacity (kVA)

3,008,512

3,532

889

402

7.6%

5.7%

12.8%

5.8%

Business as Usual

12,015,869

21,595

2,452

2,452

Actual

11,374,592

19,864

1,962

2,271

641,277

1,731

490

181

5.3%

8.0%

20.0%

7.4%

Savings
% Savings
Non-modelled sites

Savings
% Savings

Table 16: Demand analysis results summary – BAU versus last 12 months
Metric

Energy Use
(kWh)

12 Month Aggregated
Demand (kVA)

Peak Month
(kVA)

Capacity (kVA)

Business as Usual

39,487,233

62,339

7,022

7,022

Actual

35,526,555

57,756

6,128

6,695

Savings

3,960,678

4,583

894

326

10.0%

7.4%

12.7%

4.6%

Business as Usual

11,855,486

21,638

2,465

2,465

Actual

11,005,108

19,657

1,984

2,303

850,378

1,981

481

162

7.2%

9.2%

19.5%

6.6%

Modelled sites

% Savings
Non-modelled sites

Savings
% Savings

The following can be seen:
•

Savings are achieved for all changes in demand calculated.

•

The greatest percentage reduction in demand is calculated for the change in peak month
demand.

•

Energy and 12 month aggregated demand savings increase between the first 12 months
period and last 12 months period, while capacity savings have decreased and peak month
savings are similar between these two periods.

•

Demand savings calculated for non-modelled sites are higher than those calculated for
modelled sites.
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Figure 20 below compares the aggregated demand savings histograms for the change in demand (i.e.
demand savings) between the first 12 month and last 12 month periods.
25%

Average saving:
1st 12 months = 5.7%
Last 12 months = 7.4%
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1st 12 months % savings

Last 12 months % savings

Figure 20: Demand savings histograms for first 12 month and last 12 month demand savings

12.8.

Financial results

12.8.1. Rebate provided
Over half of the rebates provided to the 1,107 sites analysed were for lighting projects and another
third were provided to refrigeration and HVAC projects. The greatest average rebates amounts were
provided for boiler, “other” and motor projects.
Table 17: Summary of rebates provided by Technology Type
Number of Regos

Rebate provided ($)

Average rebate ($/project)

Boiler

6

$29,250

$4,875

Compressor

3

$4,737

$1,579

Hot water

18

$42,305

$2,350

HVAC

145

$460,169

$3,174

Lighting

608

$1,469,126

$2,416

Motor

20

$77,372

$3,869

Multiple

61

$206,172

$3,380
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Number of Regos

Rebate provided ($)

Average rebate ($/project)

Other

11

$55,829

$5,075

Refrigeration

235

$624,904

$2,659

Grand Total

1,107

$2,969,864

$2,683

12.8.2. Proportion of installation cost covered by rebate
Figure 21 below shows the proportion of the project installation costs that were covered by the EESBP
rebate for modelled sites. About half of the rebates provided covered between 45% and 55%
(approximately 50%) of the installation cost; this is expected, as the rebate is provided for up to half
the cost of implementing energy saving recommendations up to maximum rebate amounts.
35%
30%

% of Sites

25%
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15%
10%
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Figure 21: Proportion of installation cost covered by rebate

12.8.3. Payback of rebated projects, with and without rebate
Figure 22 below shows the simple payback, in years, for energy savings recommendations
implemented by modelled sites.
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Figure 22: Simple payback of rebated projects based on first 12 months period, with and without rebate

These paybacks are calculated with and without the rebate, as follows:

Payback with rebate (years) = (Installation cost ($) – Rebate ($)) ÷ (Annual electricity cost reduction
($) + Annual demand cost reduction ($))

Payback without rebate (years) = Installation cost ($) ÷ (Annual electricity cost reduction ($) + Annual
demand cost reduction ($))

The figure shows that around 20% of sites that received a rebate experienced an increase in energy
usage, resulting in a negative payback. However, given the limitations of the energy model, this may
be due to site-specific factors such as increased production volumes.
EESBP rebates were only provided for projects that were estimated to have a payback of greater than
two years. For the sites with a positive payback, the black line shows that around 13% of sites that
received a rebate did so for implementing recommendations with a ‘measured’ simple payback of up
to two years without the rebate. This suggests that rebates could have been provided for the
implementation of recommendations that did not pass the greater than two year payback criteria;
however, as most sites implemented recommendations that did not receive rebates, the electricity and
demand cost reductions might not be solely due to rebated recommendations, hence the paybacks
calculated could be lower than if savings from only rebated recommendations were included.
In some cases this can also be explained by differences between the predicted savings that were
estimated during the assessment and the measured actual savings.
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Conclusion, recommendations and next steps
13.

Analysis outcomes

In summary we believe that bottom-up analysis approach used within this project provides OEH with a
verifiable, broad-based dataset from which it can evaluate the EESBP program.
The aggregated first 12 months savings of 3,650 MWh (7.1% of BAU) and last 12 months savings of
4,811 MWh (9.4%) provides a realistic first pass outcome, based on robust site based analysis, in the
absence of confirmation with sites regarding the reasons or site-specific variables that may be causing
adjustments.
At a macro level:
•

648 or 59% of analysed registrations have been successfully modelled against weather or
flat daily usage.

•

The measured savings for the modelled sites has been determined to an uncertainty of
±0.8% at 95% confidence.

•

The measured first 12 months savings figure is within 8.6%4 of the prior predicted savings
achieved through desktop analysis.

At a site level:
•

The measured first 12 months savings and measured last 12 months savings form fairly
normal distributions around the 7.1% and 9.4% averages, however for any given site the
savings range is ±100%.

From this we conclude that developing a generic savings equation from the aggregated data would not
suitably represent the savings at any given site without further work to stratify the dataset (by project
sub-type, business size, etc) to reduce the distribution of savings.
Rather, we believe that the developed, bottom up methodology and approach can be repeated in the
future, disaggregated for analysis within smaller bundles.

4

Refers to sites with positive savings only
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13.1.

Future improvement recommendations

13.1.1. Plan and process improvements
Energetics recommends the following changes to the EESBP or similar energy efficiency program
involving direct technical and financial support to participants:
Recommendation

Description

Capture NMIs upfront

This project was achieved following an exhaustive matching exercise
conducted by Ausgrid, Essential Energy and Endeavour Energy.
Moving forward, Energetics recommends that correct NMIs are obtained
from sites as part of their initial engagement with the program. This will
ensure that data for the right NMIs is sourced and eliminate the need for
matching against customer data.

Obtain authority to acquire data
upfront

Ausgrid, Essential Energy and Endeavour Energy went to great lengths to
provide data to Energetics to ensure confidentiality of customer data. The
key reason for this was that OEH did not have EESBP participant permission
to access it directly. This report does not contain any references to specific
customers or EESBP registration numbers due to confidentiality reasons.
Moving forward, Energetics recommends that OEH obtains written consent
for it to request historical billing data from retailers and network providers on
behalf of EESBP participants.

Obtain rights to any ESCs that
may arise from projects

Subject to OEH’s preferred approach for developing a RESA and creating
ESCs, it may be necessary for EESBP participants to sign over their rights
rd
(to OEH or a 3 party Accredited Certificate Provider) to any ESCs claimable
through the projects being implemented.

Build M&V into overall process
(where cost effective), and
identify & capture data relating to
site-specific adjustments

Better and timelier M&V results will be achieved by taking steps to build
OEH’s M&V goals into the EESBP. By considering M&V earlier in the
process, OEH may take advantage of other available M&V options (Options
A, B or D).
OEH may ultimately opt to employ a combination of approaches including:
•

Broad based Option C across the population, either through projects
like this one, or investing in ongoing M&V systems and tools.

•

Targeted M&V for significant projects using Option A,B or D

It is important that the costs versus benefits are considered when seeking to
either conduct M&V in-house or via sub-contractor, or place additional
requirements on EESBP participants.
When considering this initiative, OEH should keep in mind the $1.8 million
overall annual electricity cost savings figure observed via this project as well
as internal budgets. Indicatively, an annual M&V budget would be in the
order of $40,000+ per annum.
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Energetics recommends the following enhancements and future data analysis advice for this M&V
Plan and process:
Recommendation

Description

Incorporate more localised
weather station

Eligible sites modelled within this project were modelled using one of 13
representative weather stations. In some cases a site demonstrated a
2
correlation with temperature; however the R value was not high enough to
be usable.
One reason for this may the lack of use of a localised weather station.
In addition, sites that did correlate may have achieved a higher correlation if
a more appropriate weather station was used.
Energetics suggests that this be considered in future analysis or be built into
automated analysis tools so that the maximum number of sites can be
successfully modelled.

Quarterly versus monthly data

This project used pro-rated monthly data, which was then normalised into
daily figures. However in some, indeed many cases, this was simply a
normalisation of quarterly billing data with adhoc read dates.
The prorating of quarterly data increases the number of data points, which
may lead to higher correlations and lower uncertainty. Conversely, the
‘triplication’ of some bills can create visible ‘steps’ or blocks in the historical
trend, which no longer aligns date wise with corresponding changes in
weather.
Energetics observed a number of sites that may have successfully modelled
if this issue was explored further.
Energetics recommends that this issue be considered in future analysis.

Further investigate sites that
failed to model

For approximately 41% of eligible sites, a valid energy model could not be
obtained. This may be due to many reasons; data related, changes in
operations, correlation against a metric not explored within this project.
Energetics recommends that OEH considers further investigating the
‘significant’ sites (high usage, large savings) to better understand how the
energy models may be enhanced to achieve a correlation.
We believe that around 85% of sites could be modelled with further
understanding. Note that it is likely that some sites simply won’t correlate.

Aim to repeat analysis for existing
sites to examine savings
‘persistence’ and add new sites
as more sites become eligible.

OEH may wish to repeat this analysis in the future to obtain updated savings
figures. For 1,107 of these sites the baseline has already been developed,
and it is simply a case of updating the data.
OEH may also seek to investigate savings persistence from its projects.
Options for future analysis include:
1.

Repeat analysis on an annual basis using similar techniques

2.

Commercialise modelling tool for wider distribution

3.

Further investigate ways to develop ongoing M&V reporting
capabilities.
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