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ABSTRACT: The Measurement and Verification (M&V) Toolkit is a set of spreadsheets and macros that can be
used to estimate M&V costs. It allows a user to determine what method of monitoring will provide the necessary
data at an acceptable cost. The toolkit estimates costs for four M&V methods (organized by methods of gathering
data), each compatible with IPMVP 2001 and AHRAE Guideline 14 standards. The methods included are: long-
term analysis, short-term analysis, monthly utility bill analysis, and a calibrated simulation model. Summaries of
costs for various methods can be easily compared using built in report summaries.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.

All product names and trademarks cited are the property of their respective owners. The findings of this report are not to be
construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Conversion Factors

Non-SI” units of measure used in this report are converted to Sl units as follows:

Multiply By To Obtain
acres 4,046.873 square meters
cubic feet 0.02831685 cubic meters
cubic inches 0.00001638706 cubic meters
degrees (angle) 0.01745329 radians

degrees Fahrenheit

(5/9) x (°F — 32)

degrees Celsius

degrees Fahrenheit (5/9) x (°F — 32) + 273.15. kelvins

feet 0.3048 meters
gallons (U.S. liquid) 0.003785412 cubic meters
horsepower (550 ft-Ib force per second) 745.6999 watts

inches 0.0254 meters

kips per square foot 47.88026 kilopascals
kips per square inch 6.894757 megapascals
miles (U.S. statute) 1.609347 kilometers
pounds (force) 4.448222 newtons
pounds (force) per square inch 0.006894757 megapascals
pounds (mass) 0.4535924 kilograms
square feet 0.09290304 square meters
square miles 2,589,998 square meters
tons (force) 8,896.443 newtons

tons (2,000 pounds, mass) 907.1847 kilograms
yards 0.9144 meters

*Systéme International d’Unités (“International System of Measurement”), commonly known as the “metric system.”
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1

Introduction

Background

The Federal government annually spends billions of dollars in energy costs ($7.4
billion in 2000). Building systems account for a significant portion of these high
costs, run at less than optimum efficiency. Replacing old and inefficient equip-
ment with newer, better equipment can reduce energy expenditures. Moreover,
government agencies can make such building improvements entirely without
capital investments if the improvement project uses an Energy Savings Per-
formance Contract (ESPC). ESPCs make energy conservation a more viable op-
tion for cash-strapped agencies because the contractor absorbs initial costs,
which are repaid later through utility bill savings. However, as in all energy
savings projects, it is necessary to measure and verify the actual savings if the
realized savings are to be known. This is especially critical for ESPCs, because,
by law, only verified energy savings can be used to pay for ESPC Costs. A meas-
urement and verification (M&V) plan must be custom tailored to each project to
ensure that it is cost effective and meaningful.

The M&V Toolkit described in this report is a utility that can be used to estimate
M&V costs. The Toolkit allows users to determine the monitoring method that
will provide the necessary data at an acceptable cost. The basis for the M&V
toolkit was originally developed by the Energy Systems Laboratory (ESL) at
Texas A&M University (Haberl 2003b). It was later expanded and modified at
the Engineer Research and Development Center, Construction Engineering Re-
search Laboratory (ERDC/CERL). The toolkit estimates costs for four M&V
methods (organized by methods of gathering data), each compatible with IPMVP
2001" and AHRAE Guideline 14 standards.t The methods included are a long-
term analysis, a short-term analysis, a monthly utility bill analysis, and a cali-

* International Performance Measurement and Verification Protocol (U.S. Department of Energy [USDOE],
Washington, DC, 2001).

t American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) Guideline 14-2002,
Measurement of Energy and Demand Savings (ASHRAE, Atlanta GA, 2002).
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brated simulation model. The toolkit is based on a collection of Microsoft Excel
workbooks, with automated cost data entry and evaluation. This report provides
an overview of the project, and is a user manual for the cost-estimating toolkit.

Intended Users

The M&V Toolkit can be used by a variety of people. An Energy Manager, for
instance, might use it to check the reasonableness of a contractor cost estimate
for M&V activities. An ESPC contractor may use it to estimate its M&V costs to
include in an ESPC proposal. A consultant may use it to provide cost estimates
to any number of customers M&V. Any one of these persons might use the tool
to explore various M&V scenarios and the related costs.

Objective

The objective of this work was to provide a user-friendly method of quickly esti-
mating M&V costs for various energy conservation methods (ECMs) and M&V
options, to determine the most cost effective monitoring method.

Approach

A set of spreadsheets was created and linked to each other via formulas. Macros
were programmed to automate data entry, data analysis, and report generation.
The Texas Engineering Experiment Station (TEES) was contracted to populate
the spreadsheets with data from several ESPC M&V projects.

Mode of Technology Transfer

The information in this report will be used by government and commercial plan-
ners to determine appropriate M&V plan for their specific projects.

This report will be made accessible through the World Wide Web (WWW) at
URL:

http://www.cecer.army.mil/mvtoolkit
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2 Installation Guide

System Requirements

This toolkit requires Microsoft Excel 2000 or higher, and at least 10MB of hard
disk space. Additional space is required for each project.

Installation Instructions

Note: these instructions are specific assume WinZip* as the extraction utility;.

They are, however, general enough to apply to most file compression utilities.

1. Double-click the current *.zip archive containing the toolkit (Figure 1). The ar-
chive will open and the contents will be displayed in your extraction utility. (If
you do not have one, several are available for free download on the Internet, such
as WinZip.)

2. Click the “Extract” button to extract the files.

1) winZip (Evaluation Yersion) - M&V¥CostingToolkit052 =] ]
File Actions Options  Help

el "\.'
o 3 { ]
o = D E 9 e
Mew Open Favorites Add Extract Wigw ‘wizard
harme | Modified | Size | Ratio | Path 3 -
Bty Maw xs | 6[12/2002 12:59PM 163,328 71%  M&|Default Toolkt Files)
@Summary_m&\-‘.xls 6/11/2002 3:16 PM 21,504 68% MewDefaulk Toolkt Files)

) simulation_May xls 6/11/2002 311PM 401,920 72%  Maw\Default Taokit Files)
38 Short_Mey, s 6/11/2002 3:09 PM 343,552 71% May\DeFault Taolkt Filss)

38 Lang_Mey s 6/11/2002 3:09 PM 380,416 71% MaW\Default Tookit Files)
@Labor.xls 6/12{2002 12:47 PM 93,696  TE%  MEwDefaulk Toolkt Files)
@Equipment.xls 5/15/2003 1:43 PM 39,936 TE%  MasDefault Toolkit Files!,
@MastarFile.xls 5/20/2003 11119 ... 253,045 £9% MaViDefaulk Project Files),
@ECMSummaries.xls 6/z1/2002 10:57 ... 17,408 67% MaviDefault Project Files),
?ﬁl Ikilikus RASLIOIN ol AT 1021 ac Eﬂ1 [A=1=1 MR MR =0lk FR Filash naFiI';I
|selected 0 files, 0 bytes [Tatal 35 files, 5,258KE QI 4

Figure 1. List of zipped files.

* WinZip is a commercial file-compression utility that operates under the Windows® operating system. An evaluation
version of WinZip is available for free download through URL: http://www.winzip.com/
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3. Using the “Folders/drives” section of the extract form, select the directory to
which you would like to install the toolkit (Figure 2). Below the “Files” heading,

two options should be selected: “All files” and “Use folder names.”

Extract to:

IE:HF'ngram Files

Files
£ Selected files
Al files

™ Filex: I

Folders/drives:

32/

== Local Disk [C:) -]
{:l Cost Analysiz Tool
-] DirectSOFT4

{:l Documents and 5

[ Owenwrite existing filez
I Skip older files
v Use folder names

[~ Open Explorer window

: rograrm Files
--{:| WHMT

] WU Temp -
4| | v

2l

Cancel |

Help |

Select
installation
< location

Figure 2. Setting extraction options.

4. Click the “Extract” button on the form to install the toolkit to your selected direc-

tory.

After following these four steps, a new folder, “M&V,” will be located in the di-
rectory you selected in step 3 (Figure 3). For example, if, in step 3, you selected

“C:\Program Files,” then after extracting a new directory, the path “C:\Program
Files\M&V Toolkit” would exist. The “M&V Toolkit” folder contains the costing

toolkit.

& Program Files 10l x|
File Edit View Favorites Tools  Help ﬁ
FBack + = - | Qhsearch Y Folders ®| B IZ X w | Ed~

Address I@ C:\Pragram Files j e

-1 | N R D Accessories

I'D L [ adobe
= [Z1camman Files

Program Files [(directx
{1Do NOT DELETE

M¥ Toolkit [CEvrsaft

File Folder [Cinternet Explorer

Modified: 9/2/20013 9:16 AM (85 1ma Toolkit
[“dmicrosaft Frantpage

Attributes: (normal) 21 Micrasaft office

Created: 9/2/2003 9116 AM [ZdMicrosaft Yisual Studio
[ Mavir

Accessed: 9/2/2003 9:16 AM [ IMetMeeting

Owner: Administrators (I outlock Express
[Z15napshat Yiewer
D Symantec
21 Windows Media Flayer
[Z 0 windaws WT
CIwinzip
Cws_rF1P

|1 ohject(s) selected | |@‘ My Cormputer v

Figure 3. Typical directory tree listing after installation.
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3 Overview

This chapter provides an introduction to the main Excel workbooks used in the
Toolkit. Data is entered into various workbooks in sequential steps that gener-
ally follow the order shown in Figure 4.

I llnput Project Level Data l I

1. Select an ECM
2. Choose Data Acquisition Method
3. Enter Construction Cost

Dataloggers Utility

Enter Data Enter Litility Bill
Loggers data data

I Evaluate

View ECM View Project
Reports Reports

Figure 4. Using the toolkit.

Toolkit Uses

The Toolkit has many uses. Estimating M&V costs is obviously the end result of
the Toolkit calculations. The process of entering data for those calculations and
the bottom line results, however, have several other uses. While using the Tool-
kit, the user will find themselves thinking through the M&V process. Determin-
ing what data logger to use, for instance, requires the user to reflect on how
many channels are required, how often the data needs to be collected, what sen-
sors are needed, and many other details that are part of developing the M&V
plan. This in turn prompts the user to consider alternatives and make compari-
sons between those alternatives. Considering these alternatives before evaluat-
ing a proposal gives the user a basis for comparing proposals and asking the con-
tractor why certain alternative were (or were not) considered. (The person
evaluating M&V cost proposals is in a much better position to negotiate costs if
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they have their own cost estimate to use as a negotiation tool.) Because the
Toolkit has default costs for ECM equipment and labor, users that want a very
quick estimate can develop one.

You will encounter four main workbooks/workbook types in the toolkit:

1. The M&V Toolkit file is the first file found in the root M&V Toolkit folder. The
M&V toolkit file is used to access the Project Manager,

2. The Project Manager keeps track of all the ECMs in a project and allows you to
add, modify, and remove ECMs, and to enter all the necessary data for a project.
From the project manager, you will access the other two main workbook types:
data input and report workbooks.

3. Data input. There are many data input workbooks, all of which look similar.
These workbooks are opened from the “Input Data” button, and allow you to en-
ter various cost data for a project or ECM.

4. Report workbooks. There are also several report workbooks, each of which
provide an overview of a certain aspect of an ECM or project, giving useful sum-
maries of your project.

The toolkit features cost-estimation tools for four distinct M&V methods: long,
short, utility, and simulation:

1. The long M&V method refers to the process of collecting and analyzing data over
a period of several years. This method may be more appropriate to use when
variations in facility operations are expected.

2. The short M&V method refers to the process of collecting and analyzing data over
a period of several months. This method may be more appropriate to use when
variations in operations are not expected.

3. The utility M&V method refers to collection and analysis of utility bills. If the
ECM will have a large impact on the reduction of power consumption, this
method is appropriate to use for M&V.

4. Simulation M&V (e.g., Energy Plus,* ete.) could be used for buildings in which
multiple ECMs will be installed or where tracking complex building operation
conditions is necessary.

) EnergyPlus is “Building Energy Simulation Software” for modeling building heating, cooling, lighting, ventilating,
and other energy flows. Energy Plus software is available from the U.S. Department of Energy through URL:
http://www.eere.energy.gov/buildings/energyplus/
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M&V Toolkit Organization

The M&V Toolkit file is the user-interface of the application. From this file you
can create, open and modify, and delete projects (Figure 5). Although transpar-
ent to the user, these functions are performed by macros.

Ef Ma¥ Toolkit

Ise this button to create
a new project and skark
enkering ECMs,

Mew Project . &l projects you create
This button loads a project will showe up in this list,

wou have already created and
Open Project allows vwou ko continue
entering information,

Delete Project
IJse this button to remove a project

wou no longer need, Be sure you really
wank ko delete a project, because once
wou remove it, it is irretrievable,

Figure 5. The M&V Toolkit window.

Project Manager

The Project Manager (Figure 6) is where you will spend the most time in the
toolkit. Each project has its own Project Manager. From here you can add or
remove ECMs, enter or modify cost data, and compile and view reports for your
projects. The files needed to enter or modify data are automatically cop-
ied(deleted) to(from) the appropriate directories when you add(remove) ECMs.
Similarly, the files needed to compile and view reports are automatically copied
to the appropriate directories when you compile reports.
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! B} Project Manager

This column indicates whether
data For the ECM is being

collected via a datalogger,
The name of your praject EMCS, or Fram the building's
will appear here., ukility bill,

Lse this butbon bo add
ECMs you are considering
For this project.

Remove ECM

ECM Reports
Projegt Report

T
This button is used ko enter all data _----
For wour projeck. From the pop-up These columns Indicate
window youwil sslect whichlevel | | |k may mothods anEc |
and type of data ta input. has been evaluated for.

sl
Once vou have entered all the data for h__d
an ECM, use this button ta assimilate all
the dts and prepars raports, 1 [ [ [ |
Lse this button to delete an ECM
from your project, Thisactionss o [ | [ | |
irreversible, so use with caution,

&

eyl I
the wvarious reports available, ----
This button slows you £ select — 1 [ [ [ |

any or all ECMs in the project,
and compile them into a report This list will contain every
that gives an overview of the ECM that you have

entire project costs,

added ta the project.

Figure 6. The Project Manager window.

Data Input

Five data input workbooks are available from the “Input Data” button in the
Project Manager (e.g., Figure 7). Each allows you to enter certain data for a pro-
ject. Two of the data input workbooks are specific to the project, and the other
two are unique for each ECM in the project. The toolkit manages all these data

books through the Project Manager interface.

Data can be entered into these

workbooks using the “Input Data” button located in the upper right corner of

each sheet.
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I S =[]
Enter Data =
Mo of Channals [1]
Mo, of Loggers 0]
Polling, GC and Data Entry Costs. Ongoing Savings Analysis
E.Ho. E. Ho.
ttem A. Unit B.Supphy Per yr ftem A, Unit B.Supply Poryr
Hio Linit St oLk Badnit
Setup Costs Per Crannel [ 3000 Pozt-Retrafi Modsl Costs .00
Poiing Costs Per Logger 0 3000 Savings Cofculations: $5.00
o, Dislabase Load Per Cranns! 0 $000 ither .00
Diata Cleaning Per Crannel 0 3000
Compuber Mardenence  |Per Markh 12 .00
crlher 000
Data Recovery/Missing Data Reportin
E.Ho. E Ho.
tem A. Unit B.Supply Per yr steem A, Unit B.Supply Per yr
Mo Unt Fnnt Ho. LUk Fadnit
Dicte Recovery Fer Channel 0 s100 Setup Costs L] .00
Missing Dets Per Channsl 0 $100 Reparl Gensration Costs [ .00
ather 3000 aiher 0.00
One Time Baseline/Post Retrofit Analysis Close-out, Data Transfer

|41

Figure 7. A data input sheet.

Cost Reports

After an ECM has been created and evaluated, various reports become available.
These can be viewed using the “ECM Reports” and “Project Report” buttons on
the Project Manager. Which reports are available depends on the Data Acquisi-
tion method of the ECM and on the M&V methods for which the ECM has been
evaluated. Figure 8 shows a sample cost report for passive solar hot water.
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F'_Ei DataloggersEquipmentReportl - | Ellil

Equipment Costs: Lunq M&V
Project: CERL

ECM: Passive Solar HW

Data Acquistion Method: Data Loggers

§4,093.00 §4,093.00
§137.04 $548.16

Total Cost $7,737.16
44 p ] Long MeY / Shork Mey £ Simulation Ma f

Figure 8. A cost report sheet.
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4 Tutorial

This chapter provides a step-by-step tutorial on how to use the toolkit. It guides
the user through creating a project, adding ECMs, customizing the data, evaluat-
ing reports, and viewing the results.

Examples of The Toolkit In Use

To give potential users a feel for use of the Toolkit, several M&V scenarios were
used to enter data into the Toolkit. This was done with a previous version of the
Toolkit, so a direct and exact correlation between these examples and the cur-
rent version (2.96) is not possible. They do, however, provide real and reason-
able examples of values used to populate the Toolkit. The examples include en-
ergy savings projects such as Lighting, Chillers, EMCS, and Boiler retrofit. Each
energy savings project has multiple examples of M&V scenarios ranging from
simple less extensive M&V to more extensive M&V. A total of 13 scenarios are
presented. These examples are documented in Haberl et al. (2003b).

Starting Off

To begin using the toolkit, locate the folder in which you installed the application
(see chapter 2 for installation instructions). Once you have located the “M&V
Toolkit” folder (Figure 9), double-click the “M&V Toolkit.x1s” file inside.

A splash screen will appear, followed by the M&V Toolkit window.

Creating a New Project

To start a new project, click the “New Project Button.” A pop-up window will ask
you to enter a name for your project (Figure 10). Project names must be longer
than one character, may not contain special characters [\], [/], [:], [*], [?], [<], [>],
or [|], and may not end in a space. Type the name of your project and press
“Create.”
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& MY Toolkit E -|0O] x|

File Edit Mjew Faworites Tools  Help |i

4mEBack ~ = ~ | aﬁearch L Folders @ | [ 08 K ) | -

Address |1 May Toolkit j o
= Bl J [=_-| Resources
'-D May Taolkit
e
M&YV Toolkit
ME:¥ Toolkit

Microsaft Excel Waorksheet
Modified: 7/16/2003 3:00 PM
Sizes 151 KB

attributes: {normal)

|T~;.f|:|e: Microsoft Excel Worksheet Size: 151 KB 151 KE My Compuker 5

Figure 9. The M&V Toolkit folder.

Bl Ma:¥ Toolkit

Hew Project

DOpen Project

Foart Future

Project Name?

Delete Project

Figure 10. Creating a new project.

The program will copy assorted files to a new project folder and open the Project
Manager window, allowing you to begin adding ECMs and data to your project.
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Adding an ECM

Use the “New ECM” button to add ECMs to a project. This will show a pop-up
window (Figure 11) that allows you to select an ECM from a dropdown menu, or
to type a custom name for your own ECM (which must adhere to the same nam-
ing conventions describes above). Here you also select whether data for this
ECM will be collected using data loggers or an EMCS, or whether the data will
be taken from the building’s utility bill. The construction cost of this ECM
should also be entered here. This number does not need to be exact; it is used
only to estimate M&V cost as a percentage of project construction costs. When
you have entered all this information, click “Create.” Your ECM will now be
visible in the ECM list in the Project Manager.

ECM Mame: Lighting j

Data Acquisition Method For this ECM:
(" Dataloggers @ EMCS 7 Ukility Bl

Construction Cosk: I 152000

Creake

Figure 11. Adding an ECM to a project.

Entering Project-Level Cost Data

Click the “Input Data” button to begin entering cost information for your project.
There are two types of data for a project: project level and ECM level. Project
level data is cost information that remains the same throughout the project and
that does not depend on the ECM, method, etc. The Input Data window contains
a tree that allows you to select what data you would like to enter (Figure 12). By
clicking the “+” next to an item in the tree, you can expand it to locate a specific
subfolder containing a data sheet that needs completion.
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Input Data |

Choose an ECM iF entering j
ECM-level data:

[=-Project Level
......... Labor Wages
------- Travel Costs
=] Task Hours
R - Dataloggers

- EMICS
S - LIkl
......... \Weakher

e Overhead & Profits

Enter Data. ..

Figure 12. The Input Data window.

If you have not entered data in a certain category, its name will appear red in
the tree. Once you have opened a data sheet, its name will become black.
(NOTE: If you open data sheets but do not save changes when prompted, it will
appear that data has been entered in those categories; the program will not func-
tion properly if you then evaluate a report without entering data in this category
and saving.) There are five types of project level data:

1. Labor Wages. A pop-up window allows you to enter hourly wages for all the
personnel that will be working on the project (Figure 13). This menu also lets
you enter a fringe benefit percentage that will be added to all employees’ wages.
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Enter Labor Rates x|

b
Praject PI T
Project CoPIL 95
Project Manager I 75
Projeckt Engineer =]
Data Base Support Wiorker 3
Daka Base Manager S0
Prograrnming Manager 75
Field Enginesr 1 50
Field Engineer 2 35
Daka Base Programmer 35
Data Analyst 50

Fringe Benefit %% 15.5

Save

Figure 13. Setting wages for laborers.

2.

Travel Costs. This sheet allows you to enter the costs of traveling to the project
site to install, maintain, and remove equipment (Figure 14). The separate data
sheets for each method of M&V allow you to specify different travel costs depend-
ing on the method of M&V of an ECM. The PreMAP Travel costs are those asso-
ciated with travel to develop a preliminary monitoring and analysis plan. The in-
stallation travel cost is associated with the travel needed to install the
monitoring equipment. Maintenance travel costs are those associated with travel
to maintain equipment. Equipment removal travel cost is associated with the
cost of travel to remove equipment at the end of a project. Use the “Enter Data”
button in the upper right to input your numbers. You need not enter data for all
the methods, only the ones that will be used by an ECM 1in your project.
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B ;MCSTravel

Installaticn Travel Costs

Mainternance Travel Cost

Mizr:

Transporation Trave $100.C0
Lodging deys Loczing $75.00
Mook acr doy tzclz F50.00

PreMAP Travel Costs Equipment Removal Travel Cost

B. Humber ot People, B. Humber ol People,
A. Humber of terme Daye, elc. A Humber of keme Daye, atc. €. $unit

i = F25 N

Mizc.

4] 4 b | ¥ "Long M&Y £ Shor: M2y Sinulkion MY

Trareporalion F10000 Tranzocratior F1C0
Lodging devs $10000 Locling $1C0
Meats 2er day

R. Humher of Penple, R. Humher nf Penple,
A, Hunibes ol e Days, elc. C. $runil A Hunibea ol lems Duys, vl . Ffunil

1000 hizEls
000 (N

Figure 14. The travel cost input data sheet.

3.

Task Hours. These sheets (Figure 15) are where you enter the amount of time
certain tasks, such as data polling or closeout, will take, and who will be perform-
ing the labor. There are different sheets for each data acquisition method and
M&V method. Once again, you need only enter data for the combinations that
will occur in your project. Once you have opened the desired sheet, use the “En-
ter Data” button to input your data.

E§ EMCSTaskHours

Othar Installatian Costs

Biler Dala

Iem

C. Adminiusit

Units A $MUnit

Prefinp

Partsordeng, etc.

Mthar

ke

crhzr

_ Adnh Hr; Lamrer:

Pelling, QC and Data Entry C Smmua Casts (Per Chanrel) 05 1z Lata tiase sipport Wo'j
Palirg Zosts [P=r Logger . At tinis_rdlur

rem et g g3er) 0z3 1l I tivlizs.r alur FrETTE
QC, Delcbase Luad (Pe Clinnel) I Uy I a1 | Prujel PI j
DaaCeanng (Fer “hanneli I 1 | 1

SelipCusx Fer Chanel 1P .

Faling Casts PelLogge Compuzer Mantenance (Fer onth) U2y 41

O Database Load Pet Chanrel IT 0 1

Data Clearing Pel Channel

Computer Wairkenance | Pe fdontk

Data Receveny/Missing Data

Cenel ‘

I

A Unie Adminfunit

ctlzr

Dara Re:o\.lerg Fel Chanrel SE(UP Costs
Mizzing Dlata Pei Channel Report Generaticn Cost

One Time Basaline/Past Ratrofit Ahalysis Clasa-sut, Data Transfer

|Id |4 & (WP ang MRA L SacrkrRs £ Simndatinn MaY F

|41

Figure 15. Entering task hours information for an ECM.
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4. Weather. This pop-up window (Figure 16) is where you enter the supply costs,
frequency, and labor hours for the collection of weather data necessary to accu-
rately assess the ECM effectiveness. Once you have entered the quantity, supply
costs, and frequency of the tasks, click the “Labor Hours” button to enter the
amount of time each task will take for the laborer and project administrator.

Input Data: Hourly Weather Data: Long M&¥ x|

Quankity Supply Cost Times Per ¥r

Setup Cosks 1

Palling, Transfer

0, Database Load

on

Z
Z2

o

Daka Cleaning

o~~~ ~|~

o~~~ ~|~

0 |

| other

Done | Cancel |

Figure 16. Inputting weather data costs.

5. Querhead and Profits. This window is where you enter a percentage to ac-
commodate the contractor’s profits and overhead (Figure 17). This number will
be multiplied by the entire project cost and added into the final reports.

Overhead and Profits x|

Enter percentage For contractor's overhead and profits:

[

Save Cancel

Figure 17. Setting the contractor’s overhead and profits
percentage.

Entering ECM Level Data

For each ECM you add to your project, you must enter two types of data: equip-
ment and data manipulation costs. You can enter separate equipment lists for
the same ECM depending on the M&V method.

Once you have added at least one ECM to your project, click the “Input Data”
button. Select the ECM from the dropdown menu at the top, and then expand
ECM Level -> Equipment. Click the M&V method that you wish to enter equip-
ment for, and click “Enter Data.”
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A new worksheet (Figure 18) will open, on which you can enter all the equipment
and associated labor you need for your project.

There are four buttons along the bottom of this sheet:
1. “Select Personnel’ chooses the laborer and administrator who will be handling

the installation, maintenance, and removal of your equipment.

ET§ EMCSEquipment
[ Lavoror | Admin_| | Laboror | dnmin. [vourtf | Laburer | umin. |
Manufacturer and Hams Prica | Quantity
ERERMET Caracration - K20-2 $2.490.00 [ |
Gricun s - Sylen-10 $255.00 Select Mersonncl
FLEX QORE CT1 200 $155.00
Inst
| Anrrer I Firld Frginees - vl
ACrnnistrator I Project FI vl
Maintenance:
Laacrer I Field Engreer - vl
ALzl I Prujecl FT - l $11R
Lazcrer I Field Cngineer - vI
Acmnizkratar I Praject PT 'I
Selact Ferzonnel Selact Equipmen. .. Edit Lebar Info Rerrove Equipmznt
14 [ e [ Tong MR S Shark MR { Sinulatinn May F

Figure 18. In the equipment manager, the laborers and administrators for equipment
installation, maintenance and removal are selected.

2. “Select Equipment’ (Figure 19) brings up an interface to easily select and add
appropriate equipment. Choose the category of equipment you wish to add from
the dropdown menu in the upper left. A list of manufacturers will appear in the
left pane. When you select a manufacturer, a list of models will appear on the
right. To see details on the model, click the “More Info...” button to invoke a list-
ing of equipment details (e.g., Figure 20). When you are satisfied with your
equipment choice, enter a quantity in the indicated box and press “Add.”
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Select Equipment

Equiprent Twpe:

Portable Logoer

Manufackurer;

Electricitymetering., com
Campbell Scientific, Inc.
&R Sysktems, Inc,

Cuankity: I 1

Cnset Computer Carparatio Versatile 4-Channel Data Lagaer
Logic Beach, Inc.
FlicroDa), cor, Ld,

Add | Cancel |

Figure 19. Choosing equipment for an ECM.

Equipment Details

Model #
Serial #
Characteristics:

Daka Resolution:
Accuracy: (analog)
Signal Qukpuk:

Power Requirements:

Operating Temp:

Dirnensions:
Mame: Yersatile 4-Channel Descripkion:
Data Logger
Manufacturer; Electricitymetering, com
Address;
Phone: &§77-766-541Z2

403-256-3636

Fax: 403-256-3431 Special Reguirements:

Weh: v, electricitymetering. com )
: Price:
Contact: Addt, Cost 1:
Addel, Cost 2:
Aaddel, Cost 3
Ext. Total Cost:
E-mail; info@electricityrmetering. com Price as of:

X|

MicroDatalogger Data Acquisition Swskem

4 channels; Four universal inpukfoutput
channels acceot bokh analoa and diaital
1Z bit digital or 1.2mY analog

+/-0.1%: af full scale reading
waries by bype of measurement
12 walt DiZ batkery

32F to 122F

58" x4.4" x1.6"

The MicoDatalogger Dakta Acquisition
System is a battery powered, Four-
channel data and hand-held meter that
records kime-series data from virtually
any sensor or transducer, The
MicroDatalogger Data Acquisition
System is a complete monitoring
salution For many applications.

$645
$
3

$
$645

7/1/2003

Figure 20. Viewing a detailed description of a piece of equipment.
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3. “Edit Labor Info” lets you change the number of hours associated with a piece
of equipment (Figure 21). When you add a piece of equipment to your project, a
default set of labor hours is loaded with it. The numbers represent the number of
laborer and administrator hours anticipated for each task, and the percentage of
the original purchase price allocated each year for maintenance costs. You can
change these by clicking the “Edit Labor Info” button, then by selecting the de-
sired equipment from the dropdown menu. When you are finished, click “Save.”

Installation, Maintenance and Remo x|
Select Equiprent: I Onicon, Inc, - Syskem-10 j
Hours

Installation:

Field Engineer 1

Praoject PI

Maintenance:

Field Engineer 1

1171

Praoject PI

Parts costs, etc, 1l
(% per year of
purchase price)

Removal:

Field Engineer 1

1]

Praoject PI

Save

Figure 21. Modifying the number of hours allotted for tasks for a piece of equipment.

4. “Remove Equipment’ allows you to delete a piece of equipment from your list
(Figure 22). The associated labor will also be removed at the same time.

Remove an Item X|

Select which piece of equipment you waould like ko remosve:

LEx-CORE - CT1-200 j

Delete

Figure 22. Removing a piece of equipment.
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Once you have entered all the equipment for this M&V method of the ECM, save
and close the equipment sheet. If you will be evaluating this ECM for more than
one method, be sure to enter equipment for each of them.

The final data you need to enter are the Data Manipulation Costs — costs such as
data retrieval, lost data recovery, report generation, etc. (Figure 23). Expand
“Data Manipulation Costs” in the Input Data tree (located under ECM Level)
and choose the method you will be evaluating this ECM for. (If you will be
evaluating for more than one method, repeat the procedure for each.) Click “En-
ter Data...” and use the “Enter Data” button on the worksheet that opens to com-
plete all the data sets.

£l EMCsDatavianipulationCosts

Mo ot Channcls
Hi i | iy gers

Polling, QC and Data Entry Costs Ongoing Savings Analysis

H.5uppiy

Input Uats: Heporting

SeLp Cusls Per Chisii e anppls Cn AFrey Snnke 0ore Framignry (# ner el
2aling o= Par Loogs

2C, Latabsse Lean Per Lharre Eekup -acte ! 0

Ee— Per Charre hepo-t iaenerszion Losts 1 12

_OTRLLEr Mainteance Her Monith ckhar | Q C ]

e

Data RecovenyiMissing Dati

{=aliin L. Ho.
lean A. Uniit B.Supuly Feim A Uniit B.Supply Ferm

wolrt | siont wolrt | st

Serc Recovery Tor Chorro
Wi==ing Dala Her Charre
e

One Tims Basellne/P ost Ratrofit Analysis

E. Ho.
P

Ieam | A Ui, | B.Supply
T T
L] Loy MEY ¢ Sl ey £ Sclationg My F

A Unit B.Supply

Figure 23. Entering data manipulation costs for an ECM.

Once you have entered in all the data in this worksheet, save and close it. You
are now ready to evaluate an ECM.
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Evaluating an ECM

Click the “Evaluate ECM” button on the Project Manager if you are ready to
evaluate. In the following window, select which ECM and M&V method to com-
pile data for, and click the “Evaluate” button (Figure 24).

Evaluate Data x|

ECM Name: | Lighting |

Data Acquisition Method for this ECM: Uiliky Bill

Me:Y Plan
[ Long Mes [ Simulation e
I~ Short g Vi

Evaluate

Figure 24. Evaluate Data window.

If you have not entered all the necessary data, then you will receive a message
indicating that something is missing. The input data window will then open
(Figure 25). Select the ECM for which you were intending to evaluate, and cor-
rect the missing information in the yellow-highlighted fields, then re-evaluate.

Input Data El

Choose an ECM if entering I il
| ighting]
ECM-level data: —— j

[=]- Projeck Level =
--------- Labor Wages

~Travel Costs

~Task Hours

--------- Weather
i Cverhiead & Profits
e ECM Level
[ Data Manipulation Costs I
i Loinig MG
[T LI
Enter Daka...

Figure 25. Missing data that must be entered before evaluation.



ERDC/CERL SR-04-13

23

Evaluation may take several minutes. Please be patient. If evaluation is suc-
cessful, you will see an x appear in the Project Manager in the row of the ECM,
in the column corresponding to the method evaluated.

Changing Data

If at some point after creating an ECM and evaluating it, you decide you want to
change one or more of the parameters you entered, feel free to do so. Just re-
member that, if you change ECM-level data, you must re-evaluate that ECM. If
you change project-level data, all ECMs must be re-evaluated for the change to
take place.

Viewing ECM Reports

Once you have created an ECM, entered all of the data, and evaluated it, you are
ready for your ECM reports. These will give you at-a-glance overviews and de-
tailed summaries of the costs for your ECM. There are nine possible reports for
each ECM—an extensive summary for each method and five detailed cost re-
ports (Figure 26).

Yiew Reports x|

Select which reparts ko wisw:

ECM Mame: Lighting j

Data Acquisition Method: Dataloggers

Reports:
v Langhey v Equipment Cosks
[T sShortMay V¥ Labor Costs
I | Simulationtias V¥ Travel Costs
I kilitsraga [w weather Data Costs

v \annual Costs Summary

Dpen

Figure 26. View reports window.
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The first four reports (Long M&V, Short M&V, Simulation M&V, and Utility
M&YV) are workbooks that each contain two worksheets. The first is a break-
down of costs by category, such as installation, maintenance, savings analysis, or
weather data (Figure 27). The second is the raw compilation of all the input
data for the M&V method (Figure 28). This sheet contains extensively detailed
information on all the costs associated with an ECM.

Bl DataloggersShort_Me¥1

Cost Summary: Short M&V
Project: CERL

ECM: Lighting
Data Acquistion Method: Data Loggers

Equipment Costs 31,805
Administration Costs $102

Travel Costs
Total 33 00

Equipment Costs $1581
Administration Costs $71

Pelling, OC and Data Entry Costs

rem A Uinir

Setup Curts
Posien City

Compus: Maasrssca
ottt

Toid Cawts
4 (3 (W Detalogaes ") Daka Logger Losts

Figure 28. Raw compilation of input data.
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The Equipment Report (Figure 29) contains the equipment list for the ECM. Use
the tabs along the bottom of the workbook to navigate to the M&V method for
which you wish to view equipment.

&l DataloggersEquipmentReport1 -0 x|
Equipment Costs: Long M&V
Project: CERL

ECM: Lighting
Data Acquistion Method: Data Loggers

§2,490.00 §2.490.00
§1,400.00 §1.400.00

Total Cost $4.510.00
4[4[ [M]Long M&¥ & Short M&Y 4 Simulation Me 7

Figure 29. The Equipment report.

The Labor Report (Figure 30) contains laborer and administrator costs for each
specific task, and is also broken out by first year, annual, and last year labor

costs.

Fl:. DataloggersLaborReportl = | Ellll

Labor Costs: Long M&V B

Project: CERL

ECM: Lighting

Data Aciuistion Method: Data Loiiers

Installation Field Engineer 1 $1,017.00
Project Pl §116.96
Praject Pl $3 254 40

Polling, QC and Data Entry Data Bage Support Worker | $1,033.95
Project PI $1.301.76

One Time Baseline/ Post Retrofit Analysis |Data Analyst $452.00
Project Pl

Reporting Data Analyst
[Project PI

TOTAL

MWaintenance Field Engineer 1
Project P

Data Recovery/Missing Data Data Base Support Warker $542.40
Project P §203.40

[lata Analyet
Short MW 4 Simulation M&y Tﬂ

Figure 30. Labor cost report.
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The Travel Costs report (Figure 31) contains a breakdown of travel costs by
PreMAP, installation, maintenance, and removal.

F'_E. DatalLoggersTravelReportl

Travel Costs: Long V&V
Project: CERL

ECM: Lighting

Data Acguistion Method: Data Loggers

B. # of People, D Total
A4 of tems Drarys, etc. . Funit ( LxBx
Lodging days $100.00 ¥1,000

k]
Total $1,800

B. # of People,
A4 of tems Drarys, etc. . Funit [=8xBxC)
Lodging days $100.00]  $1,000

Mist. ] 0 $0.00 0
Total $1,800

B. # of People, D Total
A% of tems Days, etc. . fiunit ( Lo Bx )

Ladging $100.00

44| k| M| Long M&Y { Short My Simulatior | 4

Figure 31. Travel costs report.

The Weather Costs report (Figure 32) gives a line-item overview of the costs of

weather data.

& weatherReport =10] x|

Weather Costs
Project: CERL
ECM: Cooling Tower VFD

|

QC, Data Load 51 504

Dther

Total
W4 » v\ weather / [4]

Figure 32. Weather cost report.
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The Annual Cost Report (Figure 33) provides a first-year, annual, and last-year
cost breakdown of all costs for measurement and verification of an ECM. This is
one of the most useful reports, which provides a bottom-line M&V cost for the
ECM and shows exactly where all the costs come from.

F_:. DataloggersainnualCostsRepork

Annual Costs: Long M&V
Project: CERL

ECM: Lighting

Data Acquisition Method: Data Loggers

Mo, of years: ) |
First Year Costs Data Loggers
Installation $12.498
Maintenance $1,939
Palling, QC and Data Entry $2 480
Data Recovery/Missing Data §770
One Tirme Baseline/Post-Retrofit Analysis $B32
Ongoing Savings Analysis $1,589
Reparting §781
Data Transfer $204
Overheads & Profits $3 570
Total $24,862
Annual Costs Data Loggers
Maintenance $1 5939
Palling, QC and Data Entry $2,480
Data Recovery/Missing Data §770
Ongoing Savings Analysis $1,589
Reporting 781
Data Transfer $204
Overheads & Profits $1,475

Total{per year)

Last Year Costs

Data Loggers

Maintenance

Palling 0™ and Mata En
14| 4| » [p1] Long May ¢ shortmay £ 5|4

$1.939

o

=

Figure 33. Annual cost report.
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5 Interpreting Results

This chapter gives a some examples of how cost and accuracy are affected when
various ECMs and M&V monitoring methods are considered.

Lighting Retrofit

In a large lighting retrofit project, most or all of the lighting fixtures in a build-
ing may be replaced. Table 1 lists sample M&V estimations for a lighting retro-
fit. The short, utility, and simulation methods assume 1 year of monitoring,
while the long method assumes 3 years of monitoring. The simulation method is
the most expensive, yet not exceedingly accurate. The utility method is by far
the cheapest, but the accuracy of utility bill analysis could be questionable if the
effect of the lighting retrofit is not drastic with respect to energy reduction. The
short and long methods have similar costs. The long method is roughly $8,000
more than the short method since it includes two additional years of travel and
maintenance costs, as well as yearly reports. Since the energy consumption of
lighting is likely to remain relatively constant over time, a short term M&V plan
would likely be a good balance between cost and accuracy.

Boiler Insulation

Table 1 shows sample M&V cost estimations for the boiler insulation ECM. The
short method is a 1-year plan; the long, utility, and simulation methods are 3-
year plans. The simulation method is again the most expensive, and again the
accuracy of the simulation can be questionable. The utility method is the cheap-
est, and could be appropriate if the insulation will dramatically reduce energy
usage. The long and short method costs are comparable, although the long plan
s about $10,000 more expensive since it was run as a 3-year plan. Since the
running conditions of the boiler will change over time depending on weather
conditions, it may be appropriate to use the long method for added accuracy. If
great accuracy is not needed, the short or utility method would trade off accuracy
for reduced cost.
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Table 1. Sample M&V estimations for different ECMs and M&V monitoring methods.
ECM Short Long Utility Sim.
1%t yr. Total 1% yr. Total 1% Year | Total 1% yr. Total
Lighting Retrofit 22,759 34,348 22,182 42,485 1,467 2,776 30,097 49,375
Boiler Insulation 28,144 43,041 27,714 53,347 1,467 4,004 35,482 77,368
Cooling Tower VFD 24,833 38,174 24,403 67,517 1,467 6,460 32,171 107,791

Cooling Tower VFD

Table 1 also includes the same M&V cost estimations for the cooling tower VFD
ECM. The short method is a 2-year plan, the long, utility, and simulation meth-
ods are 5-year plans. The total cost of the simulation plan is a little less than
double the total cost of the long method, and the drop in accuracy from the long
to the simulation method would probably not make simulation worth the cost.
As with a boiler insulation ECM, the energy data of the VFD will vary with time,
which means that the added cost of running a long method M&V plan could
make the added accuracy worth the cost. If the energy conditions of the VFD are
expected to remain relatively constant, then the short method would be more
cost effective and would provide a good amount of accuracy. The utility bill

method is the cheapest method, appropriate to use if the VFD is expected to have
a dramatic effect on energy savings.
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Compiling and Viewing Project Level
Reports

Once you have entered all of your ECMs into the project and evaluated them,
you may wish to see an overview of your entire project. The “Project Report” but-
ton allows you to select which ECMs to include in your final project report (Fig-
ure 34), and also allows you to choose a specific M&V option if an ECM has been
evaluated for more than one (Figure 35). When you click the “Project Report”
button, a window will open and a list of all the ECMs in your project will be visi-
ble. Use the buttons in the middle to add the desired ECMs to the list on the
right, then press “Next.”

You will then see the list of ECMs you chose. Pick the method of M&V you wish
to choose for each ECM from the corresponding combo box next to it. If you wish
to go back to add or remove ECMs from the report, then click “Back.” If you are
satisfied, press “Compile.”

Compile Project Repork il
:

Zooling Tower YFD
Boiler Insulation

< <Remove |

Add All ==

< =Remave Al

Mexk, .. |

Figure 34. Selecting ECMs to include in the Compile Project Report window.
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Compile Project Report 5[

et Method:

Cooling Tower WFD I Long May 'I

Boiler Insulation

Campile

Figure 35. Selecting the M&V method for each ECM in the project report.

Once you have compiled the report (which may take up to a minute or so) it will
open. This report workbook contains five worksheets, visible by the tabs at the
bottom of the screen.

The first sheet is the Project Summary (Figure 36), which lists each ECM, its
M&V cost, the approximate percentage of the construction cost that M&V repre-
sents, and the number of years of the contract. It also has these bottom-line
numbers for the entire project.

erajccReportain =01
A B ] 1 5 F _ 6 [ H =

1 |Project Summary: CERL |

2

3 kM inn HMEV

4_|Conling Tower VFD $5000 (00 71%

5 |Boier Insutal §245, 000 121%

B

d

8

a

n

Ll —

12

13

L]

15

16

17

18

13

2 SubTotal §tin, 147

21 |Westher Costs 3 $11.238

22 |Travel Costz 3 $4320

2

24 Total 80,705 746,000 10.8%

Figure 36. The Project Summary.

The second sheet, the Project-Level Equipment Summary (Figure 37), lists the
equipment costs for each ECM.

Bl Project Report -0 x|

Project Summary: CERL N
ECM Equipment Cost
Cooling Tower WFD FE45

Buoiler Insulation §0

Total $645 =
[4 4 [» []% Project Summary % Equipn | 4]

Figure 37. Equipment costs for the entire project.
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The third project-level report available is a Travel Report (Figure 38). It con-
tains a line for the annual costs and total costs related to travel for each ECM,

and totals them for the entire project.

&=l Project Report O] x|
Project Summary: CERL A
ECM Annual Travel Cost Total Travel Cost
Cooling Tower WFD $325 3,295

Buoiler Insulation 0 0

Total $325
|44 p M Project Summary £ Equipment b Trawel £ L| 4]

Figure 38. The travel costs summary for the whole project.

The next sheet in the Project Report is a Labor Report (Figure 39). Once again,
this has the annual and total labor costs for each ECM broken out, and the totals

for the entire project.

&} Project Report 10| x|
Project Summary: CERL -
ECM Annual | abor Cost Total Lahor Cost
Cooling Tower WFD $5 508 £31 444

Boiler Insulation 5724 f3,895

Total $35,342
4[4 » [ p|{ Equipment 4 Travel % Labor ¢ Weather /| 4]

Figure 39. The project-level labor report.
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The final worksheet in the Project Report Workbook is the labor cost summary
(Figure 40). This sheet outlines the costs for hourly weather data used to moni-
tor all your ECMs.

&l Project Report =10l %]
Project Summary:. CERL -
ECM Weather Cost

Setup Costs §a2

Folling Costs §1,594

QC, Data Load $1.594

Data cleaning, Data Recovery 545

Cther 0

Annual Total $3.318

iy

Figure 40. Annual weather costs summary in the Project Report.

4[4 [» [ Equipment  Travel £ Labar | 4]
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Summary

In the past, many energy savings projects contained minimal M&V activities,
partially because of the difficulty in estimating M&V costs and determining the
most cost effective M&V method. While several Standards and guidelines for
M&V activities exist, none adequately guides the reader in estimating and com-
paring those costs.

This work has developed the user-friendly M&V Toolkit, a utility that estimates
M&V costs. The costing toolkit presented here is not unique in its approach to
the M&V methods. It is unique, however, in that it approaches M&V methods
from the standpoint of how M&V data is gathered (short term, long term, utility
bills, temporary data loggers, permanent data loggers, EMCs). The Toolkit helps
users determine the monitoring method that will provide necessary data at an
acceptable cost.

The toolkit estimates costs for four M&V methods:

A long-term analysis
A short-term analysis
A monthly utility bill analysis

=W o

A calibrated simulation model.

It is recommended that the M&V Cost Estimating Tool be used for future energy
savings projects, especially those financed by Energy Savings Performance Con-
tacts.
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Glossary

annual costs
Labor, equipment, and supply costs that recur every year an ECM is
being monitored.

ASHRAE Guideline 14
A detailed set of procedures developed by the American Society of
Heating, Refrigerating, and Air-Conditioning Engineers to standard-

ize energy savings measurements and calculations.

baseline
The energy or resource usage of a facility before a retrofit. Post-
retrofit data is compared to the baseline to determine energy savings.

DAQ - Data Acquisition method
DAQ refers to the method of collecting monitoring data for an ECM or
project. The toolkit offers three options: (1) using dataloggers,
(2) using an existing EMCS panel, or (3) taking data from the utility
bill.

data manipulation
Refers to a set of tasks such as data transfer, missing data recovery,
ongoing savings analysis, reporting, and closeout. These tasks are
performed for each ECM in the project, and are edited on an individ-
ual-ECM basis. This allows the user to specify, for example, monthly
reports for one ECM and bimonthly for another in the same project.

DOE
Department of Energy.

ECM - Energy Conservation Measure
An equipment modification or retrofit, load adjustment, or other
measure intended to reduce energy or resource consumption or de-

mand.
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EMCS

Energy Management and Control System. A networked system of di-
rect digital control capable hardware used to monitor and control
building systems, especially HVAC.

ESCO - Energy Service Company

FEMP

IPMVP

M&V

A company that provides energy and resource conservation solutions
to a facility. The ESCO usually designs and implements ECMs, and
in some cases is responsible for maintaining and monitoring the meas-

ures.

The Department of Energy’s Federal Energy Management Program

works to reduce the cost and environmental impact of the Federal

government by advancing energy efficiency and water conservation,

promoting the use of distributed and renewable energy, and improv-

ing utility management decisions at Federal sites. Note: this defini-

tion was taken from the FEMP website:
http://www.eere.energy.gov/femp/

The International Performance Measurement and Verification Proto-

col provides an overview of current best practice techniques available

for verifying results of energy efficiency, water efficiency, and renew-

able energy projects in commercial and industrial facilities. It may

also be used by facility operators to assess and improve facility per-

formance. Note: this definition was taken from the IPMVP website
http://www.ipmvp.org/

Measurement and Verification. Specifically, M&V refers to assessing
the efficiency improvements delivered by ECMs and verifying that the
actual savings correspond to those expected (and often guaranteed by

the ESCO).

M&V Plan

For definitions of these methods see the FEMP M&V Guidelines
available at

http://www.eere.energy.gov/femp/financing/espc/measguide.html
or by calling 1-800-DOE-EREC.



http://www.eere.energy.gov/femp/
http://www.ipmvp.org/
http://www.eren.doe.gov/femp/financing/espc/measguide.html
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Long
Collection and analysis of data over a period of several years
Short
Collection and analysis of data over a period of several months
Simulation
Computer simulation of a building used to estimate a project’s energy
savings
Utility
Analysis of utility bill data to determine energy savings
macro
A unit of Visual Basic code that performs a task or tasks automati-
cally. The toolkit invokes many macros to handle input and compila-
tion of cost data to simplify the process of estimating M&V costs.
module
A collection of one or more Visual Basic macros and functions. Using
modules provides additional functionality, allowing a coder to set the
scope of variables throughout a project. Modules also allow more or-
ganized and easier to follow code.
PreMAP
Preliminary Monitoring and Analysis Plan
retrofit

A replacement of equipment in a facility often performed to reduce en-
ergy consumption or demand. A retrofit usually involves replacing
old, outdated equipment with newer, more advanced technology.

task hours
A collection of data containing the labor and administration personnel
and the number of hours required for several common tasks in a pro-
ject, such as parts ordering and data manipulation.

VFD
Variable Frequency Drive. A VFD controller is used on an electric
motor to vary the power supply frequency, which allows the rotational
speed of the motor to be controlled. The motor’s RPM can be tuned to
exactly what is necessary for the current load.
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Appendix: Formulas and Macros

This chapter describes in technical detail how the various workbooks in the tool-
kit interact, and gives a description of the Visual Basic macro code. The bulk of
the code 1s contained within two Microsoft® Excel workbooks: M&V Toolkit.xls,
and Project Manager.xls.

M&YV Toolkit.xls

This workbook contains eight code modules. The main modules are described
below beginning with the “Sheet1(Projects)” module.

Sheet1(Projects)

The “Sheet1(Projects)” module contains the main code in this workbook. When
one of the three buttons on the Projects worksheet is clicked, the code corre-
sponding to that button in the “Sheetl(Projects)” module is activated. These
procedures initialize the user forms and then display the forms to the screen, at
which point the code execution switches to the specific form that has been acti-
vated.

projectNameForm

The “projectNameForm” user form code is responsible for creating a new project.
The beginning of the module contains some error handling features. The macro
then creates the appropriate directories and copies default files to the new loca-
tions.

openProjectForm

The “openProjectForm” user form opens the selected project’s Project Man-
ager.xls workbook.
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deleteprojectform

The “deleteprojectform” user form deletes the selected project directory from the
M&V Projects folder. The deletion will remove all files and directories associated
with the selected project.

ThisWorkbook

The “ThisWorkbook” module contains formatting code to modify the appearance
of the worksheet.

ErrorHandling

The “ErrorHandling” module creates an error report if an error occurs during the

execution of a macro.

Project Manager.xls

The heart of the toolkit is the project manager. This workbook contains a num-
ber of code modules. The main code, and the interaction among various work-
books, 1s described below.

The Project Manager has six buttons, each of which triggers a different macro
when clicked. Each time a button is clicked, the first thing that happens is that
program flow jumps from “Sheetl(Main)” to the workbook’s “Main” module
where public variables are declared and assigned. Next, the form corresponding
to the button is activated and shown on the screen. From there, program flow is
different for each button.

The first button is the “New ECM” button. After public variables are declared
and assigned by the “Main” module, execution jumps to the “NewEcmForm”
code, then to the “SetupNewEcm” module. The code copies the appropriate files
to the proper directories and adds the ECM to the list in the Project Manager.

The second button is the “Input Data” button. After public variables are de-
clared and assigned by the “Main” module, execution jumps to the “InputData-
Form” code, then to the “InputData” module. The code opens the appropriate
workbook based on the user’s selection on the input data form.

The third button is the “Evaluate ECM” button. After public variables are de-
clared and assigned by the “Main” module, execution jumps to the “Evaluate-
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Form” code, then to the “GetWorkbooks” module, then to the “Evaluation” mod-
ule. The code first assimilates all of the data input by the user into a single
summary workbook (which depends on the M&V method and data acquisition
method). Next, the macro disseminates the data from the summary book to sev-
eral useful reports. All of the data manipulation is done using named ranges in
the Excel worksheets.

The fourth button is the “Remove ECM” button. After public variables are de-
clared and assigned by the “Main” module, execution jumps to the “RemoveEcm-

Form” code. The macro permanently deletes all of the ECM level data associated
with the selected ECM.

The fifth button is the “ECM Reports” button. After public variables are de-
clared and assigned by the “Main” module, execution jumps to the “ReportForm”
code, then to the “ViewReports” module. The macro opens the selected report(s).

The sixth button is the “ProjectReports” button. Once again, after public vari-
ables are declared and assigned by the “Main” module, execution jumps to the
“CompProjRep” code, then to the “GetProjWorkbooks” module, then to the “Pro-
jectEvaluation” module. The macro dynamically calculates the cost of a project
based on the selected ECMs and the length of time they each will be monitored.
Following this, the macro copies these costs into the Project Report workbook,
yielding a concise summary of the project.

Additional code that provides visual and practical enhancements is located in the
“ErrorHandling” module, the “Formatting” module, the “Navigation” module, the
“TreeNodes” module, and the “ThisWorkbook” module. The “ErrorHandling”
macro is called when a runtime error occurs during execution in the toolkit. The
macro creates a time-stamped entry in an error log file and displays a message to
the user indicating that an error has occurred. The “Navigation” module creates
and dynamically updates a menu in the “Window” menu at the top of the screen.
This menu allows a user to activate any available report for a project if that re-
port is open. The “TreeNodes” module is called every time the input data win-
dow is shown. This module is responsible for populating the list of data to input
and color-coding the entries. It works off of a hidden matrix in the Project Man-
ager file that keeps track of all the ECMs and what data has been entered. The
“ThisWorkbook” code contains maintenance functions that run on the opening
and closing of the Project manager
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