10/06/2016

”E/WW\/
Invesfing in Our Communifies



Contents

1.0 SUIMIMATY oorivieririsrisis s s ses s ses s s s bbb bbb bbb E R R R R R R R R R R R
0§ o U 0T 10 Uot 0 o 00T
B0 5 160 ¢4 (01 U o U P
A 28 0] 0] 23 0 BN = U= 04 =) o LT
R 30 o o) [=Tot ol D 1103 g1 01 (o ) s VAP TP
B NS 140 010 () 4
3.0 SCOPE/ Criteria Of SUCCESS ..uvnrrrririrrisensssesissssesssssses s ssesssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssans
4, TeChNiCal APPIOACKH ...t
5.0 PrOJECE PLIAN ettt st snsnssnsansnns
5.1 WOTK BreaKAOWN SEIUCTUTE......ceicecereecereereessiseisetssessssesssssssessssss s ssssssssssssssssssssssssssssssssssssssssssssssnes
T Yol U= L) U
6. RISK ANALYSIS ..ovueuirieusissesisseses et sesssss s sss s ses s bbb



1.0 Summary

This project seeks to study NOVEC’s customer behavior in electricity usage and to
develop a method in segmenting the population into different groups that allows the company to
accurately predict future energy demand. A sample of 5 years’ consumption data was collected
by NOVEC and inputted into SQL database to study patterns and run statistical analysis by
NOVEC team of GMU students.

2.0 Introduction

2.1 Background

NOVEC stands for Northern Virginia Electric Cooperative and is one of the largest
electric distribution cooperatives in the country. It is a locally based and owned electric
distribution system located in Manassas, Virginia. Currently, NOVEC services about 651 square
miles of area with more than 6,880 miles of power lines and provides electricity to more than
155,000 home and businesses in multiple counties such as Fairfax, Loudoun, Prince William,
Stafford, and Fauquier. Some of its bigger and well-known clients include Potomac Mills Outlet
Mall, Verizon, and AT&T. Reliable electricity distribution is important for all these businesses to
run their daily operations. As NOVEC is in the process of building a new service center in
Loudoun County, a model that can predict electric usage will greatly benefit NOVEC as they
start expanding their customer size in new areas.

Electricity plays an important part in running the daily lives of Americans. It is used to
power schools, office buildings, and small to large corporations. Although it is seemingly an
unlimited supply of energy, it actually takes careful planning ahead of time in order for suppliers
to purchase electricity in advance for its customers. Many companies like NOVEC that provide
electricity have to purchase enough energy a day in advance in order to meet all the demands of
customers that will be using it the next day. This requires knowledge of daily and seasonal
trends, but also in depth knowledge about customer’s behavior patterns. It is especially difficult
to predict electric usage when these companies have no information on how its customers will
behave in terms of energy usage. Over predicting electric usage and buying too much energy will
lead Electric Companies to incur a sunk cost that will reduce the profit it makes and waste
resources while under predicting will lead to unhappy customers who will have no access to
electricity in their buildings and homes. This presents a great problem for Operations Research
Analyst. If there is a way to predict electricity usage for NOVEC’s customers, the company will
be able to purchase an efficient amount of energy to distribute to its clients.

2.2 Problem Statement

NOVEC has sample customer data from a stratified random sample of all of its
customers. NOVEC would like to determine if the stratified sample it has can be used to
segment its customers by their contribution towards NOVEC’s peak demand and total energy
purchases. NOVEC would like to know the recommended number of segments and the



characteristics of those segments. NOVEC would like to know how well those segments
represent the overall system behavior (the entire customer base).

2.3 Project Description

NOVEC has the last five years of data, from 2011 to 2015 on daily electricity usage for
its customers. The data has “Customer Group” data, which identifies what type of client it is —
Residential, Small Commercial, or Large Commercial. It also has a unique “Map Location
Number” that tells you the geospatial location of the client, and finally an “Account Number”
that can tell you if the client has changed or not. By studying this data and finding a way to
segment the customers into groups according to similar consumption patterns, the final goal is to
build a model that will be able to predict the overall electricity usage for the entire population of
NOVEC’s customers.

With the amount of data available, it is important to scope the problem into more
manageable parts. Currently, NOVEC’s peak electricity usage happens in the month of July.
When looking at the daily peak of electric usage, it is around 7 p.m. time frame. Since electricity
usage changes from month to month depending on the seasonal fluctuations and temperature
changes, the initial focus for this project will focus on the month of July. If a method to segment
the customers into groups that accurately predicts the total electricity usage for July is found and
applicable to all other months, the project will have met its goal. If the same customer
segmentation does not serve as a good predictor for total energy usage in other months, the
model may have to be run differently for each month, or it may signify a necessity to segment
the customers in a different way.

2.4 Assumptions

There are assumptions and limitations that have to be made prior to starting this project.
One limitation is the absence of demographic information about the house or building that the
electricity is being delivered to; there is no information on whether the house is small or big, old
or new, or whether it is only electric or uses gas. For commercial buildings, there is no data on
what type of business the building operates, which will limit the analysis in distinguishing
certain types of business buildings. Another limitation of the data is that it is a stratified sample
and the sample over represents heavy users and under represents light users. This sample has
been collected over time and is not possible to recollect data at this point to balance out the
heavy user and light user ratio. Although it is unclear whether or not this will have a huge impact
in the reliability of our project, this limitation has to be taken into consideration when concluding
results from the analysis.

One assumption that we would have to make is that if the Account Number of the
customer does not change. The Account Number uniquely identifies a customer so unless the
Account Number changes, we will assume that the client is the same client owning the same type
of business, which requires similar energy usage.

3.0 Scope/ Criteria of Success

A successful project outcome will be identifying customer groups that accurately depict
the total amount of electricity used. With this information on groupings, NOVEC will be able to
run a predictive model that can predict the amount of electricity that will be demanded, which



will allow the company to purchase efficient amount of electricity to meet consumer demand and
minimize the costs associated with wasted energy. Although the initial focus of the project is to
this accurately for the month of July, the ultimate goal will be to find customer segmentation that
can predict the daily amount of electricity used in all months.

4. Technical Approach

To handle the big amount of data that is available from NOVEC, it will be necessary to
use a program that can handle large amounts of data. The group chose to work with SQL to do
the initial analysis and R, SAS and Weka to do clustering, generate plots and run analysis on
finding patterns of customer data. Using different graphs like line, bar, and histograms, general
information about the data can be learned; such as total electricity usage, total number of data
points, and total number of unique accounts among different customer groups. Deeper
exploratory analysis can be done by using correlation plots, correlation matrix, and clustering
dendrograms. Once a similar pattern of behavior among consumers is found, it will be easier to
group the customers accordingly and test if the groupings serve as a good predictor for total
population’s energy usage.

5.0 Project Plan

5.1 Work Breakdown Structure

A Work Breakdown Structure (WBS) was developed to assist in scheduling, evaluating
and managing project tasks and deliverables. The WBS has been decomposed into five
components: project management, Research and Analysis, Clustering and Segmentation,
Solutions and Project Deliverables. Project management consists of project planning, project
team meetings, tracking to determine earned value reporting metrics. The purpose of these tasks
is to ensure the project team remains focused on sponsor needs, within budget and in time.

Deliverables include final presentation, project proposal, final report and a project
website. The Research and analysis consists of problem definition, context, scope, and
requirements. It also includes customer segmentation and clustering analysis, which is critical for
delivering the solution to be tested and evaluated. The solution also includes analysis of results
and group recommendations for the problem
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The major milestones planned for the NOVEC Customer Segmentation for Forecasting project
are provided in table xxx. These milestones provide a framework for the deliverables and major

project briefings.

Milestone Date

Team Organization and Project Sep 1,2016
Description

Problem Definition Presentation | Sep 9,2016

Project Proposal Presentation Sep 22,2016

Project Proposal Report Oct 6, 2016

In Progress Review 1 Oct 13,2016 (20 min)




Professor Working Group Meeting | Nov 3, 2016

In Progress Review 2 Nov 10, 2016
Draft Final Report /Meeting with | Nov 19. 2016
Professor

Final Presentation Dry Run Dec 1, 2016

Final Presentation /Submission Dec 9,2016 Friday
Deliverables and Website

Table: Project Milestone

The following plan depicts the baseline schedule for the NOVEC Customer
Segmentation for Forecasting project.

D Task Name Duralion Siart Finish Prede
Sep 18, '16 Sep 25, 16 0d2,'16 0d9,'16 Oct 16,
slsimlT W|T\F|S‘S|M T wIT\Fls‘SIM TwlT/Fls|sMITwlT/Fls|s M
0 NOVEC Customer 72days Thu9/1/16 Fri12/9/16
Segmentation for Forecasting
Project
1 Project Management days Tue 9/20/16 Fri 12/9/16 I
2 Planning Adays Tue 9/20/16 Fri 9/23/16 0%
3 Reporting S9days Tue 9/20/16 Fri 12/9/16 I
4 Problem statement 1day Thu 9/8f/16  Thu 9/8/16
presentation
5 proposal presentation  1day Thu 9/22/16 Thu 9/22{16 0%
6 Progress presentation 1 1day Fri 10/14/16 Fri 10/14/16 42 0%
7 Progress presentation2  1day Mon 10/24/1€ Mon 10/24/1643
8 Final dry run presentation1day Thu 12/1/16 Thu 12/1f16
9 Final presentation 1day Fril12f9f1e Fri12/9/16 M
L Meetings G8days Wed9/716 Fri 12/9/16
n Team meeting 1 1day wed 9/7/16 Wed 9/7/16
» Team with Sponsor 1day Mon 9/12/16 Mon 9/12/16
meeting 1
13 Team meeting 2 1day Tue 9/20/16 Tue 9/20{16 0%
" Team meeting with 1day Tue 10/4/16 Tue 10/4f16 0%
sponsor
15 | Research and Analysis T2days  Thu9/116  Fri 12/9/16
LY Problem Definition 16days Thu9/15/16 Thu 10/6/16 1
7 problem statement 16days  Thu9/15/16 Thu 10/6/16 0%
8 technical approach 16days  Thu9/15/16 Thu 10/6/16 0%




ID TaskName ‘I)naﬁon i Finish ‘Pmde . . i i
ELs TRl r e 1 (0 Pl e 1 [ Pl e Le s T Pl Le 15 [
15 | Research and Analysis T2days  Thu9/1f16  Fri 12/9/16
% Problem Definition 15days Thu 9/15/16 Thu 10/6/16
w problem statement 16 days Thu 9/15/16 Thu 10/6/16 0%
18 technical approach 16 days Thu 9/15/16 Thu 10/6/16 0%
12 tions 16 days Thu 9/15/16 Thu 10/6/16 0%
o risk analysis 16 days Thu 9/15/16 Thu 10/6/16 0%
21 Scope Definition 12 days Wed 9/21/16 Thu 10/6/16
2 aiteria of sucoess 12 days Wed 9/21/16 Thu 10/6/16 0%
R ing and 5 niation Adays  Mon 9/12/16 Fri 11/4f16 1 0%
24 Expl oratory Analysis 3 days Fri 91616  Fri 10/28/16 1
= analysis tool s days Fri9/16/16 Thu 10/20/16 0%
2 3D Scatter plot 1M days Fri 9f16/16 Fri 9/30/16
s g PCA Analysis M days Fri 9/16/16  Fri 10/28/16 0%
28 € S niation 36 days Fri 91616 Fri 11/4/16 1
29 Correlation Matrix Bdays Wed 9/21/16 Fri 11/4/16 0%
30 duster dendrogram 15 days Mon 9/12/16 Fri 9/30/16
k1] k means dustering 3 days Tue 9/20/16  Fri 11/4/16 0%
E~) Modeling I days Thu 9/22/16 Fri 11/4/16 0%
<] Solution 2 days Thu 9f22f16 Fri 11/4/16 1 0%
E™ is of Results Dvdays  Thu9fZ2f16 Fri 11/4/16 1
n analyze the data foreach 3?days Thu 9/22/16 Fri 11/4/16 L
segment
36 analaze the data foreach 3?days Thu 9/22/16 Fri 11/4/16 0%
year
ID Task Name Duraion Start Finish redecessor
Nov13,"1 Nov20,"16 Nuov 27, '16 Dec4,"16 De
s|s\M Tﬁw‘T‘F‘S|S|MﬂiT|W|T|F‘S|S"TM1T|W|T|F‘S siMmiTlwlrlelsls
36 analaze the dataforeach 3?2 days Thu 9/22/16 Fri 11/4/16
| year
7 Testand Evaluation 17 days Thu 10/13/16 Fri 11/4/16
E- Evaluate the resultsof 17 days Thu 10/13/16 Fri 11/4/16
| each Segment
£ Evaluate the resultsof 17 days Thu 10/13/16 Fri 11/4/16
| each year
20 | Deliverables Nidays  Sat9/3/16  Fri 12/9/16
Ll Find Presentation Gdays Thu9/8/16 Thu12/3/16 1
2 | draft 1 Gdays  Thu10/6/16 Thu10/13/16
Fe! draft 2 Gdays  Fril0f14/16 Fri 10/21/16 42
|4 | final days  Fri11/11/16 Thu 12/8/16 43 0%
| 45 | Project Proposal Idays  Fi9f16/16  Thu10/6/16
46 draft 8days Fri9f16f16 Tue 9/27/16
|| Final 7days  Wed 9/28/16 Thu 10/6/16 46
48 Fina Report 2 days Thu 10/6/16 Fri 12/2f16 1
o Draft 0days  Thu10/6/16 Wed 11/2/16
50 Review Gdays Thu 11/3/16 Thu 11/10/16 49 e
ER Final Report due 6days  Frillf11/16 Fri12f2/16 S0 e
| 2 |  wWebsite 6days Sat12/3f16 Fri 12/9/16 r
53 create html 1day Sun 12/4f16 Sun 12/4/16 %
IER add content 1day Fril2/9/16 Fri12f9/16 47,5144 %
55 we bsite due 1day Fri12/9/16  Fri 12/9/16 %

6. Risk Analysis

We identify and manage existing and potential problems that could undermine the solution
of our project. So far We also accept the risk related to the nature of the sample data being
collected for rate making vs for customer electric usage segmentation purpose. We also
discovered some inconsistences with customer classification types which some customers
appear to be classified as different types at different years.



To mitigate the risks, The Sponsor is aware of the issues with the sample data and
recommends a rigorous documentation as we go along using different tools and algorithms
for analysis on these data.

biography:

https://www.novec.com/About_NOVEC/index.cfm



