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Catalog description

This course covers different methods of measuring and verifying energy savings.
Emphasis is on the International Performance Measurement & Verification
Protocols (IPMVP) and includes hands on measurement and verification (M&V)
using kWh meters, energy management systems, and data loggers. Information
covered will prepare the learner to take the national certification exam for
measurement and verification. All energy managers know the importance of
verifying that projects are working, including promoting success within and
outside organizations. This course covers the simple to complex methodologies
for measuring success so that systems and projects are documented and managed.

Class hours

24 hours of lecture and 24 hours of self-directed research.

Self-directed research is part of each homework assignment, see sample in Appendix C.
Units

3 Credits

Entry skills needed

The following are required for admission to the course:

e A high school diploma or GED

e Demonstration of proficiency in basic skills through a course placement
assessment

e Course requires computer skills in word processing, spreadsheets, and Power
Point.
In addition, the potential for success in the program will be enhanced if students have:
e  Work experience
e Familiarity with building energy using systems (lighting and mechanical)
e A strong interestin sustainability and faciliies management
e Ciritical thinking and problem-solving skills
¢ And have organizational skills.

Syllabus

See Appendix A for sample syllabus with course schedule and policies.
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Student leaming outcomes

The exit skills listed in the next section support these three learning outcomes:
Leam the IPMVP process for M&V projects

Students understands the process of M&V by learning IPMVP, in particular the
different M&V options.

Able to use data loggers and other M&V equipment / meters

The student uses different types of equipment during the class:
1. Spot measurements (digital light meter, plug load meter, utility meters,
BAS),
2. Accumulating meter (plug load meter, T&RH Logger, utility meters,
BAS),
3. Data logging equipment/software (T&RH logger, BAS)
4. Utility grade meters: gas, water and electric at home or work

Data analysis

Student canuse the data collected for analyzing loads and energy use of equipment,
relating it to the IPMVP process.

Exit skills
Course content to achieve student learning outcomes:

1. Studentis able to download the required version of IPMVP, Volume 1
2. Studentunderstands that IPMVP is a voluntary guideline, not a code.
3. Studentcandescribe the benefits of using the IPMVP.
4. Student canlist potential uses and users of IPMVP
5. Studentcandescribe the need for an M&V plan.
6. Studentcandescribe what a baseline case.
7. Student can describe the reporting period.
8. Studentcanlist and describe the four IPMVP Options.
9. Student canarticulate what persistence of savings means.
10. Studentis able to read utility grade meters:
a. Water
b. Gas
c. Electric
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Studentis able to correlate the reading from a utility grade meter to the proper
units (CCF, therm, gallon, kWh, kW, and btu) and billing data.

Studentis able to take multiple readings and determine consumption from
utility grade meters.

Studentis able to correlate the utility meter readings to the uses and loads
served by that meter over differentlengths of time and relative to variables
such as weather.

Studentis able to take spot measurements and apply the data, understanding
limitations for extrapolating to longer term loads.

Student candifferentiate between spot, accumulating, and data logging
equipment.

Student cansetup and down load data from dataloggers.

Student cananalyze data by using calculations and graphing techniques.
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Course matenals

Principal text

International Performance Measurement and Verification Protocol: Concepts and
Options for Determining Energy and Water Savings - Volume I EVO 10000 - 1:2012
http://www.evo-wotld.org/

Lecture materials and handouts
Refer to Appendix B for an example

e Presentations (PowerPoint):

o SUSTN106 IPMVP 2012 CHO1 Introduction to IPMVP.pptx

o SUSTN106IPMVP 2012 CHO2 Definition and Purposes of MV IPMVP
2012.pptx
SUSTN106 IPMVP 2012 CHO3 Principles of M&V.pptx
SUSTN106 IPMVP 2012 CH04 Framework and Options a.pptx
SUSTN106 IPMVP 2012 CHO5 M&V Plan.pptx
SUSTN106 IPMVP 2012 CHO6 M&YV Reporting.pptx
SUSTN106 IPMVP 2012 CHO7 Adherence with IPMVP.pptx
SUSTN106 IPMVP 2012 CHO8 Common M&V Issues.pptx
Gas Electric Meter Reading. pptx
Determining Utility Rate from billing.pptx
Lighting Measurements IES.pptx
Utility Bill Discussion.pptx

0O O OO0 OO O0OO0OO0oOO0

Other reference materials
None

Software required

Access to computer with:

e Microsoft Office Programs (Word, Excel, PowerPoint, etc.).

e Adobe Reader (for pdfs). Price: Free. Source: www.adobe.com.

e Access tocomputer with internet access. (i.e. Internet Explorer, Mozilla
Firefox, Safari, etc.).

e Data Logger Software (in this case BoxCar from Onset Computer)

Lab setup and materials

None needed.
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Equipment & instruments required

e Hobo T&RH Data Logger
o Kill-A-Watt meter
e Light Meter

Available at MATC South Library for the duration of the course

Assessment

Methods

e Reviews: These are “tests” taken in Blackboard that are simply going over the
reading material for that week. It is assumed that the student reads the items first.

e Homework: Presented in BlackBoard and summarized in Appendix C.

e (lass Participation: There are activities, such as programming and downloading
data from T&RH loggers. If you are not in class when that item is submitted, there

is no making it up.
Sample test questions

There are seven quizzes for this course:

CHO1 IPMVP 2012
CHO2 IPMVP 2012
CHO3 IPMVP 2012
CHO04 IPMVP 201201
CHO4 IPMVP 201202
CHO5 IPMVP 2012
CHO6 IPMVP 2012

Nk e =

Refer to Appendix D for an example
Sample of weekly assignments

There are five assignments for this course spread over the 8 week period. Refer to
Appendix C for an example

Listing of homework for class:
e HWO1 Utility Meter Readings
e HWO02 Utility Meter Readings Log
e HWO3 Kill-A-Watt, using the meter
e HWO04 Kill-A-Watt Long Term Metering
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e HWO5 T&RH Data Logger and Analysis
Project

Not at this time because it was very difficult to get in 8 weeks. However, the course
was originally set up with a project which MATC may bring back in 2015 when the
course goes to 16 weeks.

The project was for the student to define an M&V project, set up a project plan,
conduct the baseline measurement, reporting period measurement, conduct analysis of
data, and write an M&V report - all done following the IPMVP guidelines.

Adaptability to ondine format

This course should not be delivered on-line due to required work. While it could be
possible, the metering and data equipment students use from the library do have
software and download cables that would be costly to have available in the quantity
needed for an entire class.

Currently the entire course is in BlackBoard online but taught inlecture / discussion
/lab format. Testis online. Allhomework is available online.
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Appendix A - Sample Syllabus

Course Syllabus — SUSTN-106-600 Measurement and Venfication

MILWAUKEE AREA TECHNICAL COLLEGE
Course Syllabus

Spring, 2014
Course: Measurement and Uerification | Credits: 3
Subject Abbreviation: SUSTN | Course Number: 106 | Section Number: 600

Class Meets: In E114b Tuesdays, 3-43 PM to 840 PM in room 2E114b: Jan 25" — March 18, 2013
Instructor: Ted Wilinski

Office: EI08 | Office Hours: The howr before class in either EI108 or E114b
Phone number: (414) 571-4570 | E-mail:wilinskta@mate. edu

Course Description: This course covears different methods of measuring and verifving energy savings.

Emphasis is on the International Performance Measurement & Perification Protocols (IPMTF) and includes
hands on M&T using kWh meters, energy management systems, and data loggers. Information covered will
prepare the learner to take the national certification exam for measurement and verification. All energy
managers kmow the importance of verifving that projects are working, including promoting success within and
outside organizations. This course covers the simple to complex methedslogies for measuring success so that
systems and projects are decumented and managed.

Prerequisites: None

ADA Statement:

If you have a disability that impacts your classroom performance and wish to request an accommodation. contact the Office
of Student Accommodations (31412976838 They may require documentation regarding your disability to enable them to
comply with your request. Admission of a disability is vohmtary and will be handled in a confidential mamer. MATC
does not discriminate against individuals with disabilities and fully complies with the Americans with Disabilities Act.

To ensure your acadenuc success i this program, you are strongly encouraged to provide your mstructor with a copy of the
Instructor Notification Form from the Office of Student Accommodations. This should be done at the beginning of the
semester.

Textbook(s): International Performance Measurement and Verification Frotocol: Concepts and Options for
Determining Energy and Water Savings - Volume I ETO 10000 - 1:2012

hitp./www.evo-world org/index phpoption=com_contenidview=articledid =272 &ltemid=304dlang=en
PLEASE NOTE: In the event that the MATC boaok store does not camy any of the above texts, smdents may purchase their copies through the online
vendors or book stores of their choice.

Supplies: Hobo T&RH Dara Logger and Kill-A-Watt meter — available at MATC South Library for the duration
of the course

Artendance Policy: Miss first two classes and vou are automatically withdrawn from the class!

Attendance will be taken on a daily basis. Students are expected to attend class regularly and fo amve on tme. It 15 the
student’s responsibility to discuss absences with the mstructor and follow up with an enmil. No email. no consideration for
an excused absence. When an absence oceurs, the student is responsible for makmng up the work. Work can be found in
Blackboard. As a general nile, no exceptions for not meeting due dates are given for being absent. If there is an exception,
it has to be detailed in a response from the instructor to your email explaining the absence. Miss 4 classes and you will be
withdrawn from the course.

Tests/Assignments Malke-up Policy:

It 15 the responsibility af the student te keep track of werk and grades. In Blackboard, the “MyGrades™ tab can be very
helpful to check on completed work and view your grades. Ignorance of not lnowing an item was due 15 not an excuse.

Amy late work will have 5% taken off for each day it is late. For instance, a chapter review done the moming of class will
be considered one day late. Plxepeq'mmm]lbetakmuﬂ'the score. So, 1f a score of 13 points out of 13 15 awarded for that
chapter review, then 13/13= 867 or 86.7%. Five percent will be taken off. or 87%-5% = 81.7% for a final score.

Amy item over two weeks late is not accepted and the student will receive a zero for that grade.

There can be extenuating circumstances but these have to be discussed and agreed upon in writing by both parties at the
tume the work 15 due, not after the two week peniod.

This course relies on Blackboard and MATC email. Page 1
You mmust regularly (several times a week) look at MATC email and use Blackboard for almost all work in this course.
No course work can be submittad through email — it is not accepted and will not be graded if submiited in that fashion.
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Assessmment Activities: note assessment activities are sulbject to change as the semester progresses.

o  Test: These are “fesis " taken in Blackboard that are simply going over the reading material for that
week and covering items from lectures/class. It is assumed that the student reads the chapter first.
Refer to Blackboard for details.

#* Homework: There are several homework items that are assigned during the semester fo help with
understanding of the course materials. Refer to Blackboard for details.

» Class Participation: There are aciivities, such a question answered the first minute of class {and
handed in right away) that are part of each class. If vou are not in class when that item is submitted,
there is no making it up.

Grading Standards: note: grading standards are subject to change as the semestar progresses.
o 330 Test: Typically each test or Chapter Review is weighted the same.
» 50% Homework: Tpically each Homework is weighted the same.
o 15% Class Participation: There will be various acfivities each day in class thai require you to submit

work in class. Ifvou are not there, late or leave early there is no opportunity to make it up. See
Blackboard and listen fivst day of class for more details.

Refer to Blackboard for details.

‘Grading scale is as follows:
A -400 Superior for grades betwesn 84% and 100%
A- 3AT5 for grades betwesn 80% and less than B4%
B+ 3.25 Abowe Average for grades between E7% and less than 20%
B -3.00 for grades between B4% and less than 87%
B- 2.75 for grades betwesn B0% and less than B4%
C+ 225 Average for grades betwesn 77 % and less than B0%
C-2.00 for grades betwesn 74% and less than 77%
G- 1.75 for grades betwesn 70% and less than 74%
D+ 1.25 Below Average for grades betwesn 57% and less than T0%
D -1.00 for grades betwesn 4% and less than 67%
D- 0.75 for grades betwesn 0% and less than 54%
U -0.00 Unsatisfactory/Failing for grades less than 0%

Instructor Support: Students are encowraged to contact the mstructor before or after class, and dunng office howrs, 1f they
have questions or problems related to the class. It is suggested that students contact the instructor immediately in order to
avoid fallmg behind in class. Please do not wait umtil the end of the semester to discuss 1ssues that should have been
resolved much earlier.

Academic Support Services: In addition to obtaimng course-related assistance from the instructor, stdents may obtain
assistance from the Academic Support Centers located at the Milwaukee, North, South, and West campuses. These centers
are open to all MATC students.  Services include, but are not limited to, assistance in computer applications, course
assignments, Internet use, math, science, social studies, study skills, and writing. Please call the Acaderme Support Center
at your campus for more mformation.

Instructor Recommended Withdrawals: You may be dropped for absenteeism when:

You are absent three consecufive classes.

Your attendance 15 sporadic (e.g.. vou muss three class peniods), and you are unable to make up the instruction missed.
You fail to meet attendance requirements of licensing agencies.

You pose a safety hazard to yourself or others because of missed mstruction critical to safe class or lab performance.
You are umable to make up instrection mussed m a lab/shop class.

6. You have not attended class dunng the first two weeks of the term

Dropping or Changing Courses: Smdents who are considering dropping the course should first discuss this with their
imnstructor, commselor, or faculty advisor before droppmg. They may be able to recommend an alternative course of action.
Please be aware that dropping a course could result in a student being placed on warning or suspension at the end of the
semester. Also, please be aware that dropping a course does not mean you will be refunded.

Students who wish to drop a course may vohmtarily withdraw from the course up to two weeks before the last day of the
semester. Course Change forms are available in the Registration office at the Milwaukee Campus or m Student Services at

e e b
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the regional campuses.
Students who do not report for the final exanmination (or presentation) and does not formally withdraw nor arrange for an
incomplete grade, will be given a U grade for the course.
Incompletes: A grade of Incomplete may be granted at the discretion of the mstructor. m cases where the student has
completed at least 73% of the course with a C or better at the time the Incomplete is requested. Students nmst complete the
missing work within one semester or else the Incomplete grade will revert to a T
Student Complaint Procedure: MATC has established a formal system to assist students in resolving acadenmic problems
and course-related issues. In order for a conplaint to be valid, the following steps must be followed in order:
Step 1: Meet with the instructor to discuss any questions related to the course (e.g., requirements or assignments) or if you
are expeniencing academic problems. If the 1ssue is unresolved after meeting with the instructor.
Step 2: Meet with the associate dean of the department. If the 155ue 15 unresolved after meeting with the associate dean.
Step 3: Meet with the dean of the department If the issue is imresclved after meeting with the dean.
Step 4: Go to the Office of Student Life for assistance.
Retention Alert: MATC is interested in the success of all of its students. Retention Alert is a tool that instructors, along
with the counseling and advising department. use to help improve student success. There are three areas of Fetention Alert:
financial, persomal'confidential. and retention. Fetention Alert 1s desigmed to 1denfify students who may be at msk of
academic difficulty or failure as early as possible. Throughout the semester, an instructor may create Retenfion Alerts or
referrals for some of their students. After a referral is made, the student will be confacted by someone by phone or email to
discuss resources or set up an appointment to mest n person. The Fetention staff follows up with the student and the
student's mstructor to facilitate support efforts. Prevention and intervention are key with students so timing and resources
are mportant. With Petention Alert, hopefully students can get the help thev need. when they need it.
OTHER IMPORTANT INFORMATION:
Mo cell phones, no texting, no ear buds or other head phone set up, no computers.
Please refer to the links in Blackboard under the “Syllabus™ tab. Those links are:

+ Student Code of Conduct

» Student Accommodation Services

+  Student Handbook

A-3
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5:45 PM to 8:40 PM SUSTN106 M&YV Updated 03/41/14
Room E114b CALENDAR Spring Semester 2014
WEEK 01 JANUARY 28

+« THIS WEEKS TOPICS :
1. Chapter 1: Introduction to IPMVP
+ DUE MONDAY NIGHT:
1. Nothing Due This Week — class did
not start

s In Class Participation:
1. Sign Syllabus Receipt Form and turn into instructor
2. Look at MATC gas and electric meters
3. Get and set up data loggers
WEEK 02 FEBRUARY 4

« THISWEEKS TOPICS :
1. Chapter 2: Def & Purposes of M&V

+ DUE MONDAY NIGHT:
1. Chapter Reviews: 142
+ In Class Participation:
1. Before Class — download data loggers
2. Before Class — download IPMVP book as described in BlackBoard
3. ltems from Week one since "snow day”
WEEK 03 FEBRUARY 11

* THISWEEKS TOPICS :
1. Chapter 3: Principles of M&V

+ DUE MONDAY NIGHT:
1. Chapter Reviews: 3

2. HWO1
s In Class Participation:
1. CP Quiz?
2. Discuss homework and chapter reviews (Test)?
WEEK 04 FEBRUARY 18

s THIS WEEKS TOPICS :
1. Chapter 4: IPMVP Framework & Opts
+ DUE MONDAY NIGHT:
1. HWO03

s In Class Participation:
1. CP Quiz?

2. Discuss homework and chapter reviews (Test)?

WEEK 05 FEBRUARY 25

« THIS WEEKS TOPICS -
1. Other lectures

DUE MONDAY NIGHT:
Chapter Reviews: 4 part 01
Preliminary HW02

HW04

W=

* In Class Participation:
1. CP Quiz?
2. Discuss homework and chapter reviews (Test)?

MOTE: Calendar is subject to change and will. tems may be modified, added or deleted.
Keep looking at BlackBoard in the Calendar Tab for the most up-to-date Calendar
Office hours ore bafore and after class 1 Abzances must be documented with an emeil to the instructor

A-4
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5:45 PM to 8:40 PM SUSTN106 M&V Updated 031114
Room E114b CALENDAR S$pring Semester 2014
WEEK 06 MARCH 4

+ THISWEEKS TOPICS -
1. Data Logger Discussion
2. Chapter 5: M&Y Plan Contents
« DUE LATER IN WEEK:
1. Chapter Reviews: 4 part 2
2. Chapter Reviews: 5

s In Class Participation:
1. CP Quiz?
2. Discuss homework and chapter reviews (Test)?

WEEK 07 MARCH 11
+« THISWEEKS TOPICS :

1. Chapter 6: M&Y Reporting
2. Chapter 7: Adherence with IPMVP

+« DUE MONDAY MIGHT:
1. Chapter Reviews: &

3. HWO02 & HW05a
+ In Class Participation:
1. CP Quiz?
2. Discuss homework and chapter reviews (Test)?

+ THISWEEKS TOPICS :
1. Chapter 8: Common M&V |ssues

» DUE MONDAY NIGHT:

2. HWO5
+ In Class Participation:
1. FINAL EXAM 1 hour
2. Discuss homework and chapter reviews (Test)?
+ Return Meters to Library!

A-5
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Appendix B - Sample Power Point

Listing of Power Points for class:

1.
2.

PN

SUSTN106 IPMVP 2012 CHO1 Introduction to IPMVP.pptx
SUSTN106 IPMVP 2012 CHO2 Definition and Purposes of MV IPMVP
2012.pptx

SUSTN106 IPMVP 2012 CHO3 Principles of M&V.pptx

SUSTN106 IPMVP 2012 CH04 Framework and Options a.pptx
SUSTN106 IPMVP 2012 CHO5 M&V Plan.pptx

SUSTN106 IPMVP 2012 CHO6 M&V Reporting. pptx

SUSTN106 IPMVP 2012 CHO7 Adherence with IPMVP.pptx
SUSTN106 IPMVP 2012 CHO8 Common M&V Issues.pptx

Other Optional Power Points:

1.
2.
3.
4.

Gas Electric Meter Reading. pptx
Determining Utility Rate from billing.pptx
Lighting Measurements IES.pptx

Utility Bill Discussion.pptx
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Sample Power Point: SUSTN106 IPMVP 2012 CHO1 Introduction to IPMVP.pptx

Verification Protoco

Chapter 1: EVO
Introduction to -

Intssnational Parfarmancs
Measuramant and
IPMVP E Vesification Protocal
i - .

v -y

Imerrah'cnn Pen‘u"mncz Mmr\emeﬂt B Vu’iﬁmtim Pnﬂ:cul

Purpose And Scope Of IPMVP

Increase world wide investments in:

1. Energy Efficiency

2. Water Efficiency

3. Demand Management

4. Renewable Energy projects

I3
Ir'.n'rml.iml Pu"br'nmne M eamrement & Vsiﬁcu:iur rotocol

Preface

* IPMVP is a guidance document

* |t is for energy or water
efficiency projects

Ir\wr-w'ma Pmmm: Mmr!mmt B Veriﬁcut.inn th::ul

IPMVP is not a standard!

* No formal compliance mechanism to adhere
to IPMVP

* Formal compliance are things such as LEED or
codes

w4
Irmx.iml Pmmne M!Mﬂmﬂ". = vsiﬁcu:'ur rotocol

How Does IPMVP Increase Investments?

+ By documenting ’ 5 T T
common terms

* By documenting
common methods td ©
evaluate performance

of Efficiency

Can be used in project agreements, but IPMVP
daoes not offer contractual language

Ir\w'rah'mn Pa’\‘a"mn-cz Mmr\emeﬂt B Veriﬁmtim Pru'l::::nl

How Does IPMVP Increase Investments?
{cont.)

= Describes the MEW plan which follows industry best
practices

= These best practices
produce verifiable results,
«can be tested in the
future with same method

= Plans should be
developed by qualified
professionals (you could
be onel]

Irml.imal Pu"br'nnnne M easurement & vuil‘icu:iur Prn::!.ncl

B-2
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Sample Power Point: SUSTN106 IPMVP 2012 CHO1 Introduction to IPMVP.pptx

(continued)

How Does IPMVP Increase Investments?
(cont.)
= By applying to a large variety of facility and process
types.
= Existing and new buildings or industrial processes

[T
Irbe'retmn Pe'rar'm'vc: Mem.'!mmt B Ve’iﬁc&tiuﬂ ano-:ul

How Does IPMVP Increase Investments?
{cont.)

Targeting different levels of project cost and accuracy

for determining savings

— Whole Building — large projects affecting more
than 10% of the building energy use (could be
lower but ....].

— Individual Energy Conservation Measuras [ECM:z)
—5mall portion of facility energy use

#
Irﬂtiml Pmmne Mn:ﬂnar'. & vz'ircr.iur rotoool

There Are Three Volumes

* Vol 1 - covered in this class, The basics of M&VY

1. Whatis ME&V

2. Fundamental principles

3. Frame works and Options -

4. MEV Plan m
- MEV Report
. Adherence to IPMVP

- MEV Issues
. Definitions

[ Y]

L]
Irbe'retmn Pe'rar'm'vc: Mem.'!mmt B Ve’iﬁc&tiuﬂ ano-:ul

Two Other Volumes
(nat covered in this course)
= Volll

— Indoor environmental-quality related to ECM
dezign, implementation, and maintenance

= Vol
— More Detail on ME&Y methods for new buildings
and renewable energy systems

=l
Irﬂtiml Pmmne Mn:ﬂnar'. & vz'ircr.iur rotoool

Benefits Of Using IPMVP

* Validation of savings paying for projects
— Adherence to IPMVP good or best practices
— Repeatable verification
— Helps with payment to supplies / ESCOs

* Helps with negotiations of contracts, lowering
costs of energy performance contracts

* International Credibility of energy savings
reported — increases value

Irb:'r-:tmn Pe'rar'm'vc: Mm'ﬂrcﬂt B Va’iﬁetiuﬂ Pr;b;:ul

Benefits Of Using IPMVP (cont)

—Enhanced rating under programs (LEED,
Energy 5tar, Utility programs or demand
side management programs such as Foous
On Energy)

—Helps national and industry organizations
promote efficiency (standard followed for
credibility)

—Governments agencies recognize it

12
Irﬂtiml Pmmne M:n::\en:r'. & V:‘ircr.iur rotoool

B-3
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Sample Power Point: SUSTN106 IPMVP 2012 CHO1 Introduction to IPMVP.pptx

SUSTN-106 MEASUREMENT AND VERIFICATION

(continued)

IPMVP’s Relationship To Other M&V
Guidelines

= See Chapterd
= ASHRAE Guideline 14-2002 Measurement of Enargy
and Demand 53vings is 38 COMPANION (il same authon]

wiww.ashrae.org
= M&YV Guidelines: Measurement and Verification for
Faderal Energy Projects [FEMP] (b mme nsten
= Greenhouss Gas Protocol for Project Accounting (2005)
= califiornia Public Utilities Commissions, California
Energy Efficiency Evaluation Protocols.

Lht]
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Who Uses IPMVP?

1. Emergy performance contractors and their
building customers

2. Energy performance contractors and their
industrial process customers

3. Emergy users doing their own retrofits and
wanting to account for savings

4. Facility managers properly accounting for
energy budget variances

LA
Irﬂtiml Pmmne M:n::\cnu". & V:‘ircr.inr rotoool

Who Uses IPMVP?

5. New building designers

6. Mew building designers seeking recognition
for the sustainability of their designs

7. Existing building managers seeking
recognition for the environmnetal guality of
their building operations

8. Uiility demand side management program
designers and managers

Irhe'retcnn Pe'ru"m'\-c: Me.u.'elrent B veriﬁatim Pr;b.o::nl

Who Uses IPMVP?

9. Water efficiency project developers

10_Emission reduction trading program
designers

11 Energy user's seeking 150 50001 certification

12 Financial backers and purchasers of emission
credits from any of the above applications
will find the key ways to use this document
under these same headings

Irﬂtiml Pmmne M emsurement & ‘Ulrz'ifcu:inr ru'h:nol

|'|'.z'ra=innal peﬂrmnm Meﬂsﬂrw_-n & Verﬁcnm P'mxnl

* Presents common principles and terms that
are widely accepted as basic to any good M&V
process

* Each project must be individually designed
(recorded in M&V Plan)

#ar
Irhe'rel:cnn Pe'rrr'm'\-c: Me.u.'elrent B veriﬁatim ano-cnl
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Appendix C - Sample Homework

Listing of Homework for class:
1. HWO1 Utility Meter Readings

Student must find gas, water and electric meters to read and doaument readings on at
least two days. Write down the date and times. Go online and find the average daily
temperatures from Weather Underground (see Web Sites Tab) and enter that data.
NOTE: Student musthave aaess to these meters for several weeks so you can complete
HWO02. A spreadsheet is provided to enter data.

2. HWO2 Utility Meter Readings Log

This homework will be weighted heavier than other homework (at least equivalent to two
homework). NOTE: The file has a meter reading hints tab that should state for the gas
meter "9 therms or 900 aubic feet" not the 10 therms stated.

This is along term assignment that requires at least 21 days of meter readings (at least one
each day). Itis OK to have gaps (more than one day between readings) but there mustbe
at least 21 days with a reading.

Use the spreadsheet provided. Submit intermittently in blackboard to ask questions.
There is also an old sample spreadsheet that you can refer to for information.

3. HWO03 Kill-A-Watt, using the meter

The purpose of thishomework is to: 1) familiarize Student with the Kill-A-Watt meter; 2)
See that appliances, as all equipment, do not operate at one load all the time; 3) See how
the various electrical measurements vary with load. Remember the wattage equation:
watts = volts x amps x PF.

As with all your work, Student must: 1) name the file in a way that the instructor knows it
is you, 2) place your name on each tab; 3) Date / time stamp evetything! Yourgrade will
also be based on how Student use this spreadsheet (formatting - induding significant
dedmal places, equations, ease of printing). This is not only about M&V, but also about
presenting your information so dients (or lawyers for that matter) can understand it.
Student mustuse one tab for each of five different appliances around the home or
elsewhere.

4. HWO04 Kill-A-Watt Long Term Metering

This is the next step of using the Kill-A-Watt meter, learning how to meter kWh and
extrapolate the data to a full year. Select two of the items metered in HWO03 that are used
regularly (examples, refrigerators, TVs, computers). These mustbe items plugged in and
used during the measurement period and of larger loads. Smualler items could be used (get
approval from instructor) but have to be measured for longer periods of time - several
days for instance.

For two of the items metered in HW03, meter each for a minimum of24 hours and enter
the starting data, any interval data, and a final before you remove the Kill-A-Watt from
the outlet.

Your electtical rate mustbe used. Commentary is expected.

The data you collect for these two items musthave the information extrapolated to a year
to determine annual usage (kWh) and cost (§).

5. HWO05 T&RH Data Logger and Analysis
Using the T&RH data logger do the following:

Youmusthave aminimum of one week of readings plotted.

At least three days have to be outside.

There has to be 3 different sets of T&RH data (say outside air, thermostat or inside the
home, inside ar, inside refrigerator) that add up to a full week of readings.

All data mustbe supplied in a spreadsheet and the data files from the logger supplied.
For each of three sets of data, the following mustbe provided:
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e A table for each set of data and each day containing:

e T&RH for cach 24 hour period: Maximum, Minimum, and Average

e  TFor the outside temperature, a comparison to weather underground has to be made.

e A mpatison to of the average T&RH to the result of adding the (Max + Min) / 2.

e The last item is what is typically used as the average temperature fora given day by sites
such as weather underground. Is that accurate?

e Adesaiption of what was measured and the resulting readings, accounting for variations
(such as weather changes, furnace kicking in, riding in car, car not being used, etc)

Itis expected that all information will be presented in a readable format that can easily be followed and
traced back to the detailed data collected.

All information will be electronically uploaded for grading.

A few things:

Write in third person, no "I", "my", "me". Juststate facts. "Temperature and Relative

Humidity Readings in the Wilinski household Friday 2/21 through Monday 2/24" "Relative
humidityincreased at this point because the shower was used at 8 PM. The bathroom fan was
not turned on."

When writing notes on data, make sure you explain what you checked on as well as the result
for changes in conditions. Not knowing what caused something but having checked off some
of the obvious or possible reasons is importantand better than merely stating you do not
know why something happened.

Also, note that when the temperature goes up and relative humidity will go down unless there
is something adding moisture to the air.

Due to the complexity of this homework, it will be weighted more than others.

A preliminary or progress submittalis due March 10 as "HWO05a Preliminary”
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Example Homework, HWO01 Utility Meter Readings

HWO1 Utility Meter Readings
Attached Files:

[ YOUR NAME HWOL Utility Meter Readings Log(1).Xisx % (298.396 KB)

3 YOUR NAME HWO1 Utility Meter Readings Log(1).pdf % (417.892 KB)
DUE Monday 02/03/2014 at11:59 PM in Blackboard

You must find gas, water and electric meters to read and document readings on at least two
days. Write down the date andtimes. Go online and find the average daily temperatures
from Weather Underground (see Web Sites Tab) and enter that data.

NOTE: You must have access to these meters for several weeks so you can complete HW02.
Submit in Blackboard the day before the next class and bring a copy to second class to
discuss.

Meter Readings

TYPE YOUR NAME: FACILITY HERE

Electric e Average OA
[ Temp for
Date Time oayofwess | Reading Day
Diate Time Day ol Wk reading
METER READING #1 Tuesday
METER READING #2 Tuesday
Deference
Diate Time Day ol Wk reading
METER READING #1 | Tussday
METER READING #2 [ Tuesday
DEfenence
Comment On Electric Readings: (hew does it compane o the Sata o the fght for mstanes) .
Zas mir2 Average OA
[ Temp for
Date Time Dayofwesz | Reading Cay
Diate Time Day of WK reading
METER READING #1 Tuesday
METER READING #2 Tussday
Deference
Diate Time Day ol Wk reading
METER READING #1 [ Tuesday
METER READING #2 | Tussday
Deference

Comment On Gas Readings: few s it comgane to the dita ot the right for inQance) .

Water it | Average ca
Temp for
Date Time Dayof wesz | Reading Day
Diate Time Day of Wk reading
METER READING #1 Tuesday
METER READING #2 Tussday
Diference
Diate Time Day of Wk reading
METER READING #1 Tuesaay
METER READING #2 Tuesday
DEference

comment On 'Water Readings: juevert imo gallons asd conshier what you do s voor hosse 1o see i It makes sense) .



https://blackboard.matc.edu/webapps/blackboard/execute/uploadAssignment?content_id=_5420684_1&course_id=_298643_1&assign_group_id=&mode=cpview
https://blackboard.matc.edu/bbcswebdav/pid-5420684-dt-content-rid-11267095_2/xid-11267095_2
https://blackboard.matc.edu/bbcswebdav/pid-5420684-dt-content-rid-11267096_2/xid-11267096_2
https://blackboard.matc.edu/bbcswebdav/pid-5420684-dt-content-rid-11267095_2/xid-11267095_2
https://blackboard.matc.edu/webapps/blackboard/content/listContentEditable.jsp?content_id=_5420664_1&course_id=_298643_1&mode=reset#contextMenu
https://blackboard.matc.edu/bbcswebdav/pid-5420684-dt-content-rid-11267096_2/xid-11267096_2
https://blackboard.matc.edu/webapps/blackboard/content/listContentEditable.jsp?content_id=_5420664_1&course_id=_298643_1&mode=reset#contextMenu
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Appendix D - Sample Quiz

Listing of Quizzes for class:
e Quizzes based on International Performance Measurement and Verification Protocol
(IPMVP): Concepts and Options for Determining Energy and Water Savings — Volume 1

1. CHO1IPMVP 2012

CHO2 IPMVP 2012

CHO3 IPMVP 2012

CHO4 IPMVP 2012 01

CHO04 IPMVP 2012 02

CHO5 IPMVP 2012

CHOG6 IPMVP 2012

A

D-1
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Below is an example Quiz for this course:

SUSTNL06 A&V IPAMVE Ch 1 2012

TRUETFALSE
1. The purpose of the IPMVP (International Performance Measurement and Verification Protecel) is to morease
iowestment in energy and water efficiency. demand management and renewable energy projects around the
world.

ANS: T PTS: 10

(=

IPMVP is a standard moch liks ASHEAFE develops that eventually will be integrated into codes.

ANS: F
Noitismot. This is a guiding decument that provides a framework for M&V activities.

PTS: 10

[

IPMVP iz required on all energy sawing projects

ANS: F

It is not a standard or a law so it cannot be forced on every project.

PTS: 10

4. ASHEAE (the Amernican Society of Heating. Refrizeration and Afr conditioning Engineers) also has an M&V
guideline

ANS: T

Tme - it is ASHRAFE Guideline 14-2002, Measurement of Energy and Demand Savings

PTS: 10

5. Applying IPMVP is unique fo each project

ANS: T PTE: 10

6. An M&V Plan can actually be part of an energy-performance contract (bat IPMVE dess not provide contract
lanzuape).
ANS: T PTS: 10

7. ESCOs (Enerpy Service Company) can use the IPMVP to provide the basis for a contractual agTeement
between the ESC0 and their customers. For mstance, Jobnson Controls could use the M&WV Plan directly as
part of the contract.

ANS: T

However, FMVP is not contract language so the ESCO has to make sure it conforms fo their needs.

PTS: 10

D-2
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8. One of the nice things about nsing IPMVP for building owners is it helps to justify investments and add
credibility to requests for future investments.

ANS: T PTS: 10
MULTIFLE CHOICE

1. The IPMVP stands for:

a. International Performance Measurement ¢ Infernational Performance Measurement

and Verification Protocol and Validation Protocol

b.  Individual Project Measurement and d. International Performance Measurement
Verification Protocol and Validation Process

ANS: A PTS: 10

2. ESCO is the abbreviation for

a. Energy Systems Company Electrical Systems Cooperative
b. Energy Service Compamnies d. Energy Saving Construction Optinuzation
ANS: B
Examples of ESCOs are Johnson Controls, Honeywell, McKinstry
PTS: 10
MULTIPLE RESPONSE

1. IPMVP has several Volumes. Select all that apply:
a. Volume I defines M&V fundamental ¢. Volume IIT is geared toward new

principles buildings and renewable energy systems
for new buildings

b, Volume IT is for indoor environmental d. Volume Iis all that is specifically
quality 1s5nes. addressed in this conrse.

ANS: AB.C.D PTS: 10

2. IPMVP is intended to increase investment in:  Select all that apply

a.  energy efficiency c. edocational efficiency
b. production efficiency d.  water efficiency
ANS: AD PTS: 10

3. IPMVP applies to a wide variety of facilities including: Select all that apply

a.  management practices c. industrial buildings
b. existing buildings d. new buildings
ANS: B.C.D PTS: 10
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4. [PMVP promotes efficiency throngh: Select all that apply

a. standardizing terms and methods to c. specifying the contents of an M&V plan
evaluate performance

b. providing methods with different levels  d.  providing funding through local energy
cost and accuracy for determining savings efficiency programs

ANS: ABC

However, it does not provide any funding, although if it did, going through a local energy efficiency program
would be a good way to do it.

PTS: 10

5. Who are scme of the people whe would use PMVP?  Select all that apply

a. Energy Performance contractors d. Facility managers
b. Industrial process people e. People seeking  FED certification for a
building

c. Energyusers deing their own retrofits

ANS: A B C.D.E
It is not really limited by who it applies to. you just have to have a need for it.

PTS: 10

D-4



BEST Center Curricula, Resources & Recordings

Academic Programs

Georgia Piedmont Technical College - Building Automation Systems
Milwaukee Area Technical College - Sustainable Facilities Operations
Laney College - Commercial HVAC Systems

City College San Francisco - Commercial Building Energy Analysis & Audits

Professional Development Materials, Presentations & Videos
National Institutes

Building Automation Systems Instructor Workshops
Webinars (e.g., BEST Talks)

Faculty Profile Videos
Reports & Case Studies
Marketing Resources

© 2013-2025 by BEST Center: NSF National Center for Building Technician Education is
licensed under Creative Commons Attribution-Non Commercial (CC BY-NC) 4.0 International.

To view a copy of this license, visit htips://creativecommons.org/licenses/by-nc/4.0/

©@@®®CC BY-NC 4.0
Attribution-NonCommercial 4.0

National

S"F Science

* Foundation

i

=BEST

Bulldmg Efflmency for a Sustainable Tomorrow



