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Energy Management and Efficient Electrification Series
for Ontario Municipalities

M&YV for energy projects with RETScreen

Presented by Stephen Dixon
and Maelys Fillon, P.Eng, CEM, CMVP
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“The

SEM Program Support A

calls to references provided by marketing agents,

who have first-
hand experience in what you’re inquiring about.”

o o
o e Sr. Project Manager, City Housing Hamilton

“The courses on and give me
Training & One-on-One new avenues for thinking about my energy projects. In the SEM
Workshops Coaching Program, the online courses reinforce what needs to be done to

meet our goals, and the

o”

Energy Champion, City of London

®

-~ "I found the
;‘% and how
an critical it is to gauging progress instead of relying on
. assumptions. With our coach's hel,
Peer Learning Performance & i g .

Enabling Incentives

Technical Manager Engineering, KARMAX Heavy Stamping
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Commit Resources to Energy Management

Cohort Activities Internally
8 ~ 4-6 hrs per year 2-4 hrs per month
Executive Sponsor
~ 2.5 hrs per month 10-20 hrs per month
Energy Champion
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SEM Program Update

*NEW* Municipalities cohort
7 80 launching May 14th
Cohorts Enrolled :
launched participants Featuring Coach Kady Cowan

2 More cohorts planned to launch before end of 2024
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Contact us for more information

Program Inquiries & Connect with a Coach
@ Applications
}A{ sem@ieso.ca
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Learning objectives

This session will help you to:

Pz

Explain what M&V is (and is Describe the four basic M&V Apply M&V concepts
not), why it is useful, and methods (options), and for Option Cin
how M&V is used in energy- understand what RETScreen
efficiency projects. adjustments are.
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Definition

“Measurement and verification (M&V) is the
process of planning, measuring, collecting,
and analyzing data to verify and report
energy savings resulting from the
implementation of energy-efficiency
measures (EEMs) “ in one or more facilities.

Source: International Performance Measurement and
Verification Protocol (IPMVP), CORE CONCEPTS 2022
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https://evo-world.org/en/products-services-mainmenu-en/protocols/ipmvp
https://evo-world.org/en/products-services-mainmenu-en/protocols/ipmvp

Reminder: the advantages of M&V

Q No additional cost
Energy savings are
not verified

Energy savings are
maximized
Better energy
savings persistence
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Measurement boundary and independent variables

The measurement boundary is a notional perimeter drawn around the
equipment, system, or facility relevant to savings calculations.
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Measurements in baseline and reporting periods

Baseline period : Installation period : Reporting period :—>

'

The baseline period is the interval
of time selected to represent
facility operations before project
implementation.

.

7~

The installation period refers to
the timeframe during which the
planned energy-efficiency
measures are physically
implemented or installed.

N

The reporting period is the
timeframe during which generated
savings are verified after the
implementation of an action that
improves energy performance.
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M&YV basic equation for energy savings
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IPMVP options

IPMVP offers several options that specify different approaches for
measuring and verifying the performance of projects.

/f’
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! "I\Nﬂ ! Retrofit
‘. ! isolation
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/’_5\
A \\ Whole
T —— facility <
\\"—,' approach
~ ’

Option A: key parameter(s)
measurement

Option B: all parameter
measurement

Option C: whole facility

Option D: calibrated simulation
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Option C: Whole facility

Option C consists of using energy data from utility meters, meters or
submeters throughout the entire facility, as well as independent variables
to evaluate facility energy performance.

Used for projects
where expected savings
are large relative to the
random or unexplained
variations that occur at
the whole facility level.

Mathematical models
are developed to
describe how the

independent variables

May use monthly utility
data or short time
interval energy

consumption data to
develop a model.

explain the variations
in energy consumption.

SAVE &
E N E R S NEXTW

POWER WHAT"

.
®ieso

Connecting Today.

Powering Tomorre




Option C: Independent variables

= Weather

eQutdoor air temperature (heating degree days or cooling
degree days)
eSolar radiation

= Production

eProduction rate (tons, quantity of product)
eProduct quality

maal  Operation

eOperating schedule

eCleaning or maintenance schedule
eAnnual shutdown

eQOccupancy

6

‘

Example

A building’s monthly natural gas
consumption can be calculated using the
following equation:

Natural gas consumption = 150 * HDD (17°C) + 13,845

Let’s calculate the natural gas consumption
in February:

Heating degree days¢epryary = 682

Natural gas consumptionsepryary = 150 * 682 + 13,485
= 116,845 m3
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When can you use Option C?

N

Existing Building Commissioning Program Yes For projects with estimated savings 2500 MWh
Retrofit Program Yes Dependent on project type
Industrial Energy Efficiency Program Yes Dependent on project type
Energy Performance Program Yes For all projects (model developed by the IESO)
Strategic Energy Management Program Yes For all projects (model developed by the IESO)
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Using RETScreen Expert to measure and verify savings
for a simple lighting retrofit

RETScreen Step-by-Step Performance Analysis Video:
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https://www.youtube.com/playlist?list=PLoj8AlvsTZVFp6yHN8mxdQ5VxBoAidy8B

Assemble historical data

RETScreen Expert - 13b Performance Analysis - Building with Cooling in RETScreen Expert - Bldg #43 (Elec).retx
- Location  Facility ~ Data  Analytics  Report  Custom
@ # Electricity production... @ Weather.. Z — . ? T Ao, - =3 &) GHG emission factor... §] Export to file E 3
s Transportation = & Production level... : —ﬁ o Solar - tilted Clwn %S 1y Insert = 7] Copy data to clipboard —
Consumption i &, Occupancy... Enter Data Merge... Filter Summary P 50001 Help elearning
i o data... source - - - T \. Ready = -
ONSur non Step 2 - Factors of influence tep 3 - Data proce q Step 4 - Summary | Portfolio Helr
_ Duration Electricity Cooling degree-days 18°C Cooling degree-days 12°C
(] hedod Begl Fd Days kWh *C-d °C-d
4 @ Weather - Canada - Ontario - London - NASA 1 2009-12-152010-01-13 30 47,719 0 0
@ NASA data 2 2010-01-142010-02-13 31 151,876 0 0
3 2010-02-14 2010-03-15 30 144,003 0 2
— 4 2010-03-16 2010-04-14 30 155,876 5 32
# Eventlog 5 2010-04-15 2010-05-15 Ell 165,287 8 49
Summary 6  2010-05-16 2010-06-15 n 225817 79 213
7 2010-06-16 2010-07-15 30 254,126 141 298
8  2010-07-16 2010-08-14 30 278,402 173 346
9  2010-08-152010-09-14 n 254973 119 272
10  2010-08-152010-10-14 30 184,822 20 89
11 2010-10-15 2010-11-15 32 160,089 1 21
12 2010-11-16 2010-12-15 30 142,109 0 1
13 2010-12-16 2011-01-15 3 142,935 0 0
14 2011-01-16 2011-02-13 29 139,964 0 1]
15 2011-02-14 2011-03-14 29 132,370 0 0
16 2011-03-152011-04-13 30 139338 1 T
17 2011-04-14 2011-05-12 29 138,656 4 24
18  2011-05-13 2011-06-12 n 202,999 43 145
19 2011-06-13 2011-07-12 30 231,160 105 255
20 2011-07-13 2011-08-14 23 305,790 218 41
21 2011-08-152011-09-15 32 244017 114 2n
22 2011-09-16 2011-10-15 30 171,816 25 114
23 2011-10-16 2011-11-14 30 134,897 0 9
24 2011-11-152011-12-13 29 132993 0 0
2011-12-14 2012-01-13 3 142,609 0
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ccess variables of influence — weather

RETScreen Expert - 13b Performance Analysis - Building with Cooling in RETScreen Expert - Bldg #43 (Elec)retx
B octon  Facity Daw  Analytics  Repot  Custom Language ¥
# Electricity production... @ Weather... Z Q b Degree-days. ? T Ao, m % @ Paste climate data 4 Show/Hide columns... e E
i Transportation =  Production level... o solar - tilted... [ : Cxwh A = ) GHG emission factor... "] Export to file = —
I e A Ve M | summay o | (O SO e oy i .| P S
Step ‘onsumption | Production Step Factors of influence Da 55ing Step 4 - Summary | Jption Jelp
Canada - Ontario - London (43'N, -81.1'E)_Elevation: 275 m (Facifity) 291.5 m (NASA)
Data )Cooling degree-days 12°C Cooling degree-days 18°C = - average Air - minimum  Air - maximum Relative humidity Precipitation Daily solar radiation - horizontal Atmospheric pressure  Wind speed Earth ten
. Wesher ot Ot Lodon s me | : - : = | o = = :
@ NASAdata 0 0 1 2010-01-01 -a4 15 -23 824% 14 148 982 68 -4
1 Office Electrcity ] 0 2 2010-01-02 -101 12 79 773% 02 192 985 90 <
- 0 0 3 2010-01-03 885 -108 64 839% 04 124 983 98 £
¥ Event log
(] 0 4 2010-01-04 -82 92 -64 82.4% 05 174 98.1 64 7
Summary 0 0 5 2010-01-05 59 82 -40 86.8% 0g 193 98.0 56 K]
o 0 6 2010-01-06 -46 6.2 -25 86.5% 04 163 982 47 -4
0 0 7 2010-01-07 -47 64 -19 856% 04 161 981 19 -4
(] 0 8 2010-01-08 79 96 -63 821% 13 222 983 71 Bl
0 0 9 2010-01-09 122 -158 10 80.9% 0 236 993 a7 -1
o 0 10 2010-01-10 -87 -136 -29 835% 01 240 991 63 -
] [} 1 2010-01-11 76 -89 -67 845% 10 132 985 45 E}
0 0 12 20100112 79 122 -45 843% 01 205 99.1 50 el
0 0 13 2010-01-13 -40 10 -10 893% 01 229 987 68 -2
] 0 14 2010:01-14 -10 -41 12 93.0% (] 236 984 67 -1
] 0 15 2010-01-15 03 -25 19 83.5% 03 162 988 44 <
o 0 16 2010-01-16 -22 49 17 90.0% 0o 197 988 42 -2
0 [ 17 2010:0117 12 -45 22 948% 00 200 978 22 -1
0 0 18 2010-01-18 19 32 -03 904% 01 149 979 37 -1
] 0 19 2010-01-1% 25 47 0§ 873% 02 188 980 36 -2
0 o 20 2010-01-20 -6.1 -10.1 =25 81.8% 01 263 985 41 -5
0 0 21 2010-01-21 -48 -101 09 85.0% 00 27 985 71 -
(] 0 22 2010-01-22 -29 60 28 84.9% 00 287 983 72 -2
0 0 23 2010-01-23 16 56 24 85.5% 01 286 985 73 -1
(] 0 24 2010-01-24 20 07 29 91.4% 27 129 970 86 1
0 [} 25 2010-01-25 07 -20 28 91.1% 49 121 959 70 0
0 0 26 2010-01-26 -23 a7 13 813% 09 200 970 88 -1
0 0 27 2010-01-27 51 6.1 -39 729% 03 281 982 90
0 [} 28 2010-01-28 -87 -n2 53 709% 21 257 985 104 -
] 0 29 20100129 -11.0 -134 94 7.0% 11 228 994 61 -1
o 0 30 2010-01-30 -123 -169 -14 68.0% 00 329 991 25 =¥
0 0 31 2010-01-31 77 108 -50 76.8% 04 241 985 70 £
0 [ 32 2010-02-01 74 -108 -48 722% 00 306 990 55 £
0 0 2010-02-02 823% 05 21
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Examine function relationships

300,000 —
250,000

200,000 —

Electricity (kWh)

:
]

]
5 8
Cooling degree-days 12°C (°C-d)
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Faclty  Data

Establish
baseline -
2 - asel

4 [ Office Electricity - COD - End-to-£nd
L Regression
= cusum
4 7 Office Electricity - CDD
. Regression
1 cusum
| Measurement and verification

22

Analytics

RETScreen Expert - 13b Performance Analysis - Building with Cooling in RETScreen Expert - Bldg #43 (Elec).retx

B o
lie il

Graph

Develop regression-based performance models

Report  Custom Language ¥ | Share v | Subscibe v C'v v i |2 @
PE [ pe. E ['i Define season... B Exdudedata..  “jEvent tracker... "% Export all data... e E
1 x .- il 5 &7 Optimize reference temperature... {4 Modify Y-Avis.. [ Data validation... =
smulative Control Me and Reference  Forecast.. Stacked Predicted | Actual 2 Help elearning
sum chart year CUSUM..  summary - LY t - /A Edit ] Copy to dipboard = -

9,000 —
3 v
% 2000
2 0
E 7000

.
6000 —
3000 )
T T T
] 2 8 10
Cooling degree-days 12°C ("C-d/day)

Legend
+*,** Data - Regression /> Baseline Predicted

Time series B e Lne | Detas |
Regression model Select baseline Begin = Regression results

H: segn:  [2003-12-15 i3] Y= a%sb ¥ = 379.5176%%+4,816.3126
Backcasting  Chaining | Forecasting Duration: 2 | Months ~ L 64
| —
. . Adual Baseline . al  Baseline
dertoid | g tnd Cooling degree-days 12°C Hecticiy | Predicted (m!mgd.egree-aays 12°C Elecricity | Predicted | inckuded
=d Wh kwh C-dfday KWhiday  KWh/day

1 2009-12-152010-01-13 0 147719 144489 0 4924 4816 Yes

2 2010-01-14 2010-02-13 [1] 151,876 149,306 o 4899 4816 Yes

3 2010-02-14 2010-03-15 2 144003 145413 0 4,800 4,847 Yes

4 2010-03-162010-04-14 32 155876 156621 1 519 5221 Yes

5 2010-04-152010-05-15 49 165.287 167982 2 5332 5419 Yes

6  2010-05-16 2010-06-15 225817 230181 7 7284 7425
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Tune models — degree day balance point and statistics

@ RETScreen - Optimize reference temperature - Cooling degree-days 12°C (°C-d) - o X
- Settings
Minimum ' 0% = {# RETScreen Expert - 13b Performance Analysis - Building with Cooling in RETScreen Expert - Bldg #43 (Elec).retx
Afadrmum c - Location Facility — Data Analytics Report  Custom
J i F| Define season... Exclude data...
: o I G e B : =
Increment C a0as— 4 L > = ¢ Optimize reference temperature... “j Event tracker...
Establish Set Cumulative Control Measurement and Reference  Forecast.. Stacked Predicted | Actual > %
baseline » target chart verification year CUSUM... mma [™] Non-routine adjustment ~ 17 Data validation...
| calculate rd | Step 2 - Baseline | Step 3 - Target 4 n Advanced | P ;
Select reference temperature 098 — Q,Equ.um r results
Analysis on R % @) Data table Office Electricity Cooling degree-days 12°C n/a
Temperature e ~ Dependent variable (Y) Electricity (kWh)
X X B Independent variable (x) Cooling degree-days 12°C (*C-d)
1200 09372 0575 4 [ office Electricity - CDD - End-to-End : 2 "
11.00 0.9866 A Regi ol Method Daily
13.00 09859 b PSSO "y
Weighted Yes
1000 09844 7 cusum 2
1400 09827 4 [ office Etectricity - CDD results ~Coefficient resuilts
097 o
9.00 09806 1] Regression
15.00 0.978 = P Number of observations: 40 Name Value Standard error  t-ratio p-value
800 09753 terations:
T600 oons I Measurement and verification Ny ot ) 514 a 3848097  7.1663 537005 O
700 0.9684 .- T Resicuad s of scuares < Aot (1130104719 b 45213299 367537 1257922 0
17.00 09649 7 8 9 o M 12 1B Residual sum of squares - Relative: 1,299,012,8435
Standard error of the estimate: 1848911

Coefficient of multiple determination (R’): 0.9872
Coefficient of multiple determination - Adjusted (Ra®): 09868
Root-mean-square error (RMSE): 185.078
Coefficient of variation of the RMSE: 0.0317
F-test (p-value): 0

Net determination bias error (NDBE): 3.6654E-05
Durbin-Watson statistic: 0.94945
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Develop a cumulative sum (CUSUM) chart — showing events
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Establish measurement and verification chart and savings
L]

300,000~
250,000

g 200000

g 150,000~

100,000
3 Lighting Retrofit Commissioned
-]
50000 =
T T T T T T T
2010-04-01 2010-07-01 _2010-10-01 2011-01-01_ _2011-04-01 _2011-07-01 2011-10-01 2012:01-01
Legend
A Baseline Precicted «*"® Actual Blectricity jcted |, Actual 1 g date
Settings Net savings
Commissioning date: | 2011-02-13  [33] [ Begin: [ Fill colour

leorz02-13 3] ] Ene: [ 2011-02-14 to 2012-02-13 : 104,399 (kWh)
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RETScreen Expert can track multiple projects/actions
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RETScreen Can Accommodate Non-Routine Adjustments

i i
[
»
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Multiple Resources Available

- Find multiple type of resources on Save on Energy website :
https://saveonenergy.ca/Training-and-Support

- Sign up for a one-on-one coaching: Post-webinar support intake form

> Coaching sessions conducted virtually: phone, video calls, and email
> Designed for organizations seeking guidance.
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https://saveonenergy.ca/Training-and-Support
https://forms.office.com/pages/responsepage.aspx?id=MPoZU7Jxqk-bnmzZmhDKTR3VKtACqmJFox4KTL41hKdUMjhUOUIwNDk4UkxFR1NQM0JWTE9OVlhLSi4u

Thank you!

O Stay in the know

SaveOnEnergy.ca

Sign up for Save on Energy’s

rainingan rt@i . i
trainingandsupport@ieso.ca quarterly business newsletter

3  @SaveOnEnergyOnt
K] facebook.com/SaveOnEnergyOntario

Y] linkedin.com/showcase/
SaveOnEnergy-Ontario
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