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Steps in the M&V Process
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Step | M&V Activity Performed by:
1 Develop a site-specific M&V plan Sponsor and Utility
2 Conduct a pre-installation equipment survey Sponsor
3 Conduct a pre-installation inspection AEP
4 Install retrofit equipment Sponsor
5 Conduct a post-installation equipment survey Sponsor
6 Conduct a post-installation inspection AEP
7 Execute the M&V plan (conduct M&V activities if necessary) | Sponsor
8 Calculate savings Sponsor
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1.1 Overview
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1211 Pre-installation equipment survey
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1.2.2 Post-installation M&V Activities

1.2.21 Post-installation equipment survey
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1.2.2.3 Operating hours
% % oo
( 4 F (%" $ %
%% %
1'% | I ( '
$ % &' ( & * %
Stipulated Avg. On-Peak Interactive Interactive
Buildina Tvbe Annual Demand HVAC HVAC
9 typ Operating Coincidence Demand Energy
Hours Factor Savings Savings
24-Hour Supermarket/Retail 6,900 95% 10% 5%
College/University 2,085 67% 10% 5%
Education (K-12; no summer session) 2,150 82% 10% 5%
In-Patient Health Care 3,750 60% 10% 5%
Multi-Family Housing, Common Areas 4,772 87% 10% 5%
Non 24-Hour 4,250 95% 10% 5%
Supermarket/Retail/Restaurant
Office 3,760 80% 10% 5%
Parking Structure 7,884 100% 0% 0%
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Example *

A lighting efficiency project is proposed for a typical small office building. The Project Sponsor submits the
Lighting Inventory survey forms as part of the Final Application detailing the existing and proposed equipment.
The table below summarizes the existing and proposed connected lighting load for each usage group in the

project. The CF for office buildings is 80%.

Avea Description SLL::]\é esy (.io.nnected Lighting LoaTd (kW)
Existing Proposed Difference

Hallways and Stairs 20 3.6 2.0 1.6
Common Offices 72 66.0 14.4 51.6
Conference Rooms 20 15.6 9.6 6.0
Exit Signs 24 6.0 4.8 1.2
Private Offices 44 59.2 41.2 18.0
Restrooms 20 4.0 2.8 1.2
Total 200 154.4 74.8 79.6

Stipulated
Operating

Hours
3,760

3,760
3,760
3,760
3,760
3,760

Based on the collected data, the demand and energy savings are calculated:

(a) Connected Lighting Load Reduction =154.4 KW — 74.8 KW
=79.6 kKW.

(b) Interactive HVAC Demand Savings =79.6 kW *0.10
= 8.0 kw.

(c) Total Demand Savings = (79.6 KW + 8.0 kw) * 0.80

=70.1 kW.

(d) Lighting Energy Savings =79.6 kW * 3,760 hours
= 299,296 KWh.

(e) Interactive HVAC Energy Savings = 299,296 kwh * 0.05
= 14,965 kWh.

(f) Total Energy Savings = 299,296 kWh + 14,965 kWh

= 314,261 kwh.

! Projects that consist of only lighting measures receive 65% of the total incentive.

Annual
kWh
Savings

6,016
194,016
22,560
4,512
67,680
4,512
299,296

Actual
kw
Savings

1.3
41.3
4.8
1.0
14.4
1.0
63.7
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1.3 Metered Hours Method
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$ 1 2

3 #

(College/University)

Building Type Minimum Examples of Usage Group types
Number of
Usage Groups
Office Buildings 6 General offices, private offices, hallways, restrooms,
conference, lobbies, 24-hr
Education (K-12) 6 Classrooms, offices, hallways, restrooms, admin,
auditorium, gymnasium, 24-hr
Education 6 Classrooms, offices, hallways, restrooms, admin,

auditorium, library, dormitory, 24-hr

Hospitals/ 8
Health Care Facilities

Patient rooms, operating rooms, nurses station, exam
rooms, labs, offices, hallways

Retail Stores 5

Sales floor, storeroom, displays, private office, 24-hr

Industrial/ 6
Manufacturing

Manufacturing, warehouse, shipping, offices, shops,
24-hr

Other 10 N/A
1.3.1.2 Pre-installation inspection
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1.3.2.3 Post-Installation operating hours
Pl "
! % ! %
% + # %% "
( % % & '
+ # #2(% !
"4 ! (' !
1 ( #
& ( ( ( '
# % | ( " !
% ! ey F G" ,
; I % % (%
% 2, %
% 4 'l %
1o " O | I(
% ( [
$- 56
Population of Lines in .
Usage Group (n) Sample Size
n<4 3
5£n<8 5
9£n<12 6
13£n<20 7
21£n<70 8
71£n<300 10
n>300 11

* Sample sizes assume a confidence interval of 80%, precision of 20%,
and a coefficient of variation (cv) of 0.5 for the populations indicated.
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n
HOUI’Son,i * 8760 houryear
i=1 Hoursmetered,i ’
Hoursannual,u =
n
Where:
HourSannual,u = Average annual operating hours for usage group u
Hoursgn,i = Operating hours observed during the metering period for circuit i
HoUrSmetered = Total number of hours in the metering period for circuit i
n = Number of metered circuits in usage group u
" 0'l ' % 2
+ L%+ % %
I %" +&
RN I ! ( #
1 & # % #2( # 0 C
I ( ' %
+  $8"
" Hourspeakon,i
CFu - i=1 Hourspeakmeteredi
n
Where:
CF, = Peak-demand coincidence factor for usage group u
Hours . _ Equipment on-hours observed during the AEP peak demand period
peak on,i ~  during the metering period for circuit i
_  Total number of AEP peak demand hours in the metering period for
Hourspeak metered,i - circuit i
n = Number of metered circuits in usage group u
1.3.3 Calculation of Demand and Energy Savings
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Example 2

A lighting efficiency project is proposed for a small, non-24-hour retail store. The Project Sponsor submits the
Lighting Equipment Survey as part of the Final Application detailing the existing and proposed equipment
inventory. The following table summarizes the existing and proposed connected lighting load (including calculated
Coincidence Factors) for each usage group in the project, as well as the metering results and annual savings.

In this example, the operating hours are metered according to the required sample size for each usage group in
the project. Because there is only one operating season, 13 light loggers are installed for one three-week period.
The operating hours for each usage group are the average of observed operating hours from all meters. Using
equations (a) through (g), the energy savings for Receiving will be

(a) Annual Operating Hours [hrs] = cos * 8,760 = 7,126 [hrs]
(b) Lighting Demand Savings [KW] = 9.7 [kW] — 5.4 [KW] = 4.3 kW]

(c) Interactive HYAC Demand Savings [kW] = 4.3 [kW] * 0.10 = 0.4 [kW]

(d) Total Demand Savings [kW] = {4.3 [KW] + 0.4 [KW]} * 0.82 = 3.9 [kW]

(e) Lighting Energy Savings [kWh] = 4.3 [kWh] * 7126 [hrs] = 30,642 [kWh]
(f) Interactive HVAC Energy Savings [KWh] = 30,642 [kWh] * 0.05 = 1,532 [kWh]
(g) Total Energy Savings [kwWh] = 30,642 [kWh] + 1,532 [KWh] = 32,174 [kWh]

The energy savings is then calculated for each usage group.

Equation Solutions

Usage Group @ (b) © () (e) ® (@)
Receiving 7,126 4.3 0.4 3.9 30,642 1,532 32,174
Continuous 8,760 0.2 0.0 0.2 1,752 88 1,840
Admin. Offices 3,024 0.6 0.1 0.5 1,814 91 1,905
Restrooms 2,120 0.5 0.1 0.5 1,060 53 1,113
Sales Floor 5,840 13.3 1.3 10.8 77,672 3884 81,556
Total 15.9 118,588

2Projects that consist of only lighting receive 65% of the total incentive.
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2.2 Stipulated Control Savings Method

%% % % .0 +
. ( 4 I (%
% " $ %
N> % %% % '
$ % &' ( & ) * ok
Stipulated Avg. On-Peak Interactive Interactive
Buildina Tvbe Annual Demand HVAC HVAC
9 typ Operating Coincidence Demand Energy
Hours Factor Savings Savings
24-Hour Supermarket/Retail 6,900 95% 10% 5%
College/University 2,085 67% 10% 5%
Education (K-12; no summer session) 2,150 82% 10% 5%
In-Patient Health Care 3,750 60% 10% 5%
Multi-Family Housing, Common Areas 4,772 87% 10% 5%
Non 24-Hour 4,250 95% 10% 5%
Supermarket/Retail/Restaurant
Office 3,760 80% 10% 5%
Parking Structure 7,884 100% 0% 0%
0 % % "# , " % !
I (% ' I( !
% ! 2- ol ' o
% 2 + ' % 2 % |
Il % 2 " ! !
% ! + # 2-
+& -
$ ;" <3 ( =<(> 6
Control Type PAF
Daylight controls (DC) — continuous dimming 0.70
DC — multiple-step dimming 0.80
DC — ON/OFF 0.90
Occupancy sensor (OS) 0.70
OS w/ DC — continuous dimming 0.60
OS w/ DC — multiple-step dimming 0.65
OS w/ DC — ON/OFF 0.65

*PAFs are adapted from ASHRAE Standard 90.1-1989, Table 6-3.
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2.23.1 Peak demand savings
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Example*

A lighting efficiency and controls project is proposed for a typical small office building. Controls are to be
installed in some common offices and private offices. The Project Sponsor submits the lighitng survey
detailing the existing and proposed equipment inventory. The following table summarizes the existing and
proposed connected lighting load and operating hours for each usage group in the project. For office
buildings, the stipulated operating hours is 3760 hrs and the CF is 80%.

Connected Load (kW)

Area Description

Existing
Common Offices w/ controls 9.0
Common Offices 10.1
Private Offices 5.2
Private Offices w/controls 4.3
Conference Rooms 3.9
Restrooms 0.3

Proposed

4.3

4.1
21
2.0
1.5
0.1

New control type

Daylight control—multi-

step dimming
n/a

n/a

Occupancy sensor

n/a

n/a

* Projects that consist of only lighting measures receive 65% of the total incentive.

" The stipulated hours for a particular building type are averaged to iniclude all usage types.

Pre-retrofit operating hours are determined using the Stipulated Hours Method

(a) Connected Lighting Load Reduction [kW] = 9.0 [kW] — 4.3 [kW]

(b) Interactive HVAC Demand Savings [kW] = 4.7 [KW] * 0.10

(c) Total Demand Savings [kW] = (4.7 [KW] + 0.5 [kwW]) * 0.80

(d) Lighting Energy Savings [kwWh] = {9.0 [kW] — 4.3 [KW]} * 3760 [hrs] * 0.8

(e) Interactive HVAC Energy Savings [kWh] = 14,138 [kWh] * 0.05

(f) Total Energy Savings [KWh] = 14,138 [kWh] + 707 [kWh]

The energy savings is then calculated for each usage group.

Area Description (@)
Common Offices w/ Controls 4.7
Common Offices 6
Private Offices 3.1
Private Offices w/ Controls 2.3
Conference Rooms 2.4
Restrooms 0.2
Total

(b)
0.5
0.6
0.3
0.2
0.2

(©
4.2
5.3
2.7
2.0
2.1
0.2
16.5

Results

(d)

14,138
22,560
11,656
6,054
9,024

752

PAF
(Table

2.2)

0.8

1.0
1.0
0.7
1.0
1.0

Pre-retrofit
hours
(Table 2.1)

3,760

3,760
3,760
3,760
3,760
3,760

. The stipulated annual
operating hours for office buildings is 3,760 hours/year. Usage groups that are being retrofitted with controls
are divided into control and non-control usage groups. The pre-retrofit hours for the control usage groups are
multiplied by the PAF corresponding to the type of control being utilized. The post-retrofit hours for the non-
control usage groups remain unchanged from the pre-retrofit hours. Using Equations 2.1 through 2.6, the
energy savings for the Common Offices With Controls will be

= 4.7 [kW]
= 0.5 [kW]
= 4.2 [kW]
= 14,138 [kWh]

= 707 [KWh]

= 14,845 [KWh]

(€)
707
1,128
583
303
451
38

®
1 4,845

23,688
12,239
6,357
9,475
789
67,393
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2.3 Full M&V Method for Lighting Controls
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$-

3 #

Building Type

Minimum
Number of
Usage Groups

Common Usage Groups

Office Buildings 6 General offices, private offices, hallways, restrooms,
conference, lobbies, 24-hr
Education (K-12) 6 Classrooms, offices, hallways, restrooms, admin,
auditorium, gymnasium, 24-hr
Education 6 Classrooms, offices, hallways, restrooms, admin,
(College/University) auditorium, library, dormitory, 24-hr
Hospitals/ 8 Patient rooms, operating rooms, nurses station, exam
Health Care Facilities rooms, labs, offices, hallways
Retail Stores 5 Sales floor, storeroom, displays, private office, 24-hr
Industrial/ 6 Manufacturing, warehouse, shipping, offices, shops,
Manufacturing 24-hr
Other 10 Function or Usage/Characteristics
!
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Population of Lines in .
Usage Group (n) Sample Size
n<4 3
5£n<8 5
9£n<12 6
13£n<20 7
21£n<70 8
71£n<300 10
n>300 11
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2.3.3 Calculation of Demand and Energy Savings
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2.3.3.1 Pre-Installation Hours of Operation (Usage Groups with Controls)
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Example

A lighting efficiency and controls project is proposed for a small office building. Controls are to be installed in some
common offices, private offices, and restrooms. The Project Sponsor submits a lighting survey detailing the existing
and proposed equipment inventory. The following table summarizes the existing and proposed connected lighting load
(including Coincidence Factors) and operating hours for each usage group in the project.

Connected Lighting

Pre-Installation Post-Installation

Usage # of Load (kw) Sample Control

Survey 2 CF
Group . . Pro- Size Measure

Lines Existing posed On  Meter Season On  Meter Season
Common 45 50.5 20.5 9 82% - - 8760 450 504 8760
Offices
Common Daylight
Offices 20 45 215 7 7% conmol | 450 504 8760 202 504 8760
w/controls
Private 20 26 10.5 7 78% - - 8760 227 504 8760
Offices
Private 0 Occ.
Offices 10 215 10 6 54%  goneor 300 504 8760 205 504 8760
w/controls
Conf. Rooms 20 19.5 75 7 54% - - 8760 159 504 8760
Misc. 30 8.5 4 8 72% - - 8760 147 504 8760
Facilities
Continuous 25 6 25 4 100% - - 8760 501 504 8760
Restrooms 10 1.5 0.5 3 95% - - 8760 135 504 8760
Restroom 10 35 1.5 6 66% SOCC' 480 504 8760 157 504 8760
wicontrols ensor

2 For this example, the sample sizes are reduced for certain usage areas below that indicated by the statistical
accuracy requirements due to the small amount of savings in certain groups (e.g. restrooms) or the confidence in
the estimated operating hours (continuous areas).
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In this example, the operating hours are metered according to the required sample size for each usage group in the
project. All fixtures have only one operating season; therefore, the light loggers are installed for one three-week pre-
installation period (usage groups with controls only), and one three-week post-installation period (all usage groups).
The operating hours for each usage group are the average of observed operating hours from all meters. The CF
values were determined using Equation 1.8 .

Using equations (a) through (h), the energy savings for Common Offices with Controls will be

(a) Pre - Annual Operating Hours [hrs] = * 8,760 =7,821 [hrs]

504

(b) Post - Annual Operating Hours [hrs] = * 8,760 = 3,511 [hrs]

504

(c) Connected Lighting Load Reduction [KW] = 45.0 [kW] —21.5 [kW] = 23.5 [KW]
(d) Interactive HYAC Demand Savings [KW] = 23.5 [kwW] * 0.10 = 2.4 [kW]
(e) Total Demand Savings [kW] = { 23.5 [KW] + 2.4 [KW]} * 0.75 =19.4 [kW]
(f) Lighting Energy Savings [KwWh] = 45.0 [KW] * 7,821 [hrs] — 21.5 [kwW] * 3511 [hrs]
= 276,459 [kWh]
(9) Interactive HVAC Energy Savings [KWh] = 276,459 [KWh] * 0.05 = 13,823 [kWh]

(h) Total Energy Savings [kWh] = 276,459 [KWh] + 13,823 [kWh] = 290,282 [kWh]

The energy savings are then calculated for each usage group.

Equation Solutions

Usage Groups (@) (b) (© (d) (e) U] (9) (h)
Common Offices . 7,821 30.0 3.0 27.1 234,630 11,732 246,362
Common Offices 7,821 3,511 23.5 2.4 19.4 276,459 13,823 290,282
w/Controls

Private Offices . 3,945 15.5 1.6 13.3 61,148 3,057 64,205
Private Offices 5,214 3,563 11.5 1.2 6.8 76,471 3,824 80,295
w/Controls

Conference Rooms - 2,764 12.0 1.2 7.1 33,168 1,658 34,826
Misc. Facilities . 2,555 45 0.5 3.6 11,498 575 12,073
Continuous . 8,708 35 0.4 3.9 30,478 1,524 32,002
Restrooms . 2,346 1.0 0.1 1.0 2,346 117 2,463
Restrooms w/Controls 8,343 2,729 2.0 0.2 1.5 25,107 1,255 26,362
Total 83.8 751,305 788,870
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3.1 Overview
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3.2 Deemed Savings for Cooling Equipment
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Building Type [

Description

Religious A religious worship building that experiences full operation on Sundays, and a partial
Worship schdule on weekdays and Saturdays.
College A multi-story college building that operates a full day five days per week and a partial

day on weekends.

Convenience

A small convience store that operates 24 hours per day, 7 days per week.

A small fast food restaurant that operates a full day, seven days per week. Generally

Fast-Food smaller than 3,000 sq. ft.

Typical supermarket that operates between 16 and 24 hours per day, 7 days per
Grocery

week.
Hospital A multi-story hospital building that operates 24 hours per day, 7 days per week.

A typical multi-story hotel that operates 24 hours per day, 7 days per week. Usually
Hotel

larger than 50,000 sq. ft.
Motel A low rise motel that operates 24 hours per day, 7 days per week. Usually smaller

than 50,000 sq. ft.

Nursing Home

An assisted care facility that operates 24 hours per day, 7 days per week.

Office, Large

Typical multi-story office building that operates 12 to 16 hours per day, Monday
through Friday, a half day on Saturday and a few hours on Sunday. Applicable for
buildings greater than 50,000 sq. ft.

Typical low rise office building that is operated mostly Monday through Friday and a

Office, Small  |minimal number of hours on Saturday and Sunday. Applicable for buildings up to
50,000 sq. ft.
Public A large public assembly building that operates on a partial schedule all days
Assembly gep y g p p yS.
. Retail store that operates typical business hours Monday through Saturday and a
Retail
reduced day on Sundays.
Restaurant Typical small restaurant operating full day six days per week with a reduced schedule
on Sundays. Generally larger than 3,000 sq. ft.
School A low rise elementary or high school that operates all day Monday through Friday, 50
weeks per year.
Service A light commercial building that operates a full day six days per week. Examples
include beauty parlors, automotive shops and so on.
Warehouse, A conditioned warehouse, not refrigerated, that operates 24 hours/ day, 7 days per
Non Refrig. week.
o ! 0> ( (% ' %
( F' %'+ &% " ! %%
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3.2.1 Pre-Installation M&V Activities
3.2.1.1 Pre-installation Site Survey
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3.2.2 Post-Installation M&V Activities
3.2.2.1 Post-installation Equipment Survey
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Where:

kW rlavings

Tons

h

baseline

d

h

post-installation

KWh,ines = TONS* (C7

+, -$ ! 4 * ’
kVVsavings = TOI’]S* (a ></7baseline - b ></"pos.t—installation)
Where:
kV\/Savim:"S =  Calculated demand savings
Tons =  the rated equipment cooling capacity at ARI standard conditions
The demand coefficient from the applicable table (A.10 through A.13) in
a = the Appendix for the appropriate climate zone, building type and baseline
equipment type.
P pseiine =  Efficiency of the baseline equipment (kW/Ton)
The demand coefficient from the applicable table (A.10 through A.13) in
b = the Appendix for the appropriate climate zone, building type and retrofit
equipment type.
h _ . _ .
postinstallaton = Rated efficiency of the installed equipment (kW/Ton)
+! -$ ' # * 3

d s

baseline ~ post-installation )

Calculated energy savings

the rated equipment cooling capacity at ARI standard conditions

The energy coefficient from the applicable table (A.10 through A.13) in
the Appendix for the appropriate climate zone, building type and baseline
equipment type.

Efficiency of the baseline equipment (kW/Ton)
The energy coefficient from the applicable table (A.10 through A.13) in

the Appendix for the appropriate climate zone, building type and retrofit
equipment type.

Rated efficiency of the installed equipment (kW/Ton)
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Example

A 150-ton air-cooled packaged unit in a retail application is being replaced with a more efficient unit (of similar
size and type) in Brownsville, TX.

Step 1 The Sponsor finds the appropriate baseline efficiency from Appendix A, Table A.6. A 150-
ton air-cooled packaged unit has an EER of 8.2. Using the conversion, kW/Ton = 12/EER,
the sponsor finds that hbase“ne =1.46 KW/Ton.

Step 2 The manufacturer’s data for the new equipment shows that the EER = 9.5. Using the
conversion, kW/Ton = 12/EER, the sponsor finds that hpost_insta”atm =1.26 kW/Ton.

Step 3 The existing and new packaged units are each 150-ton units.

Step 4 The sponsor looks in Appendix A, Table A.13 to find the appropriate coefficients. The
demand coefficient for a retail building with a DX air-cooled unit in Brownsville is 0.84, so
a = b =0.84. The energy coefficient for a retail building with a DX air-cooled unit in
Brownsville is 2,917, so C= d =2,917.

Step 5 By inserting the information gathered in Steps 1-4 into Equations 3.1 and 3.2, the
Sponsor calculates the savings:

KW,,yings =150 * (084* 146- 084* 126) = 252kW
KWh, ngs = 150* (2,917* 146- 2,917* 126) = 87,510kWh
# % ' % % # (%
' % " $ ! ' %
, # # & %' ;
! & ( #
% % P# (0 %2 I # $

% The conversion from SEER to kW/ton is an approximation based on published data from the Carrier
Corporation
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Example

A 200 ton air-cooled chiller with condenser is replaced with a water-cooled chiller of the same size in a large
office building in Houston, TX.

Step 1

Step 2

Step 3

Step 4

Step 5

Extra Step:
Additional
Adjustments
for Auxiliary
Equipment

The Sponsor finds the appropriate baseline efficiency from Appendix A, Table A.7. A 200-
ton air-cooled chiller with condenser has an COP = 2.50. Using the conversion, kW/ton =

3.516 / COP, the sponsor finds that h = 1.407 KW/Ton.

baseline

The manufacturer’s data for the new equipment shows that the COP = 4.9. Using the
conversion, kW/ton = 3.516 / COP, the sponsor finds that h =0.718 KW/Ton.

post-installation

The existing and new chillers are each 200-ton units.

The sponsor looks in Appendix A, Table A.12 to find the appropriate coefficients. The
demand coefficient for a large office building with an air-cooled chiller in Houston is 0.81,
so a = 0.81. The demand coefficient for a large office building with a water-cooled chiller

in Houston is 0.90, so b = 0.90. The energy coefficient for a large office building with air-
cooled chiller in Houston is 2,501, so C= 2,501. The energy coefficient for a large office

building with a water-cooled chiller in Houston is 2,786, so d=2,786.

By inserting the information gathered in Steps 1-4 into Equations 3.1 and 3.2, the
Sponsor calculates the savings:

KW,y ingsross = 200 * (081* 1.407- 090* 0.718) = 98.7kW

KWh,ingeeross = 200* (2501% 1.407- 2,786* 0.718 = 303712kWh

The equipment efficiency for the air-cooled chiller includes the condenser fans, but the
equipment efficiency for the water-cooled chiller does not include the condenser water
pump and cooling tower. Therefore, the savings must be reduced to account for the peak
demand and energy consumption of the water-cooled system’s additional equipment.
Assuming a 5 hp condenser pump and a 5 hp cooling tower fan is added as a part of the
retrofit, the kW and kWh savings are reduced as follows:

KWLy pumpanderran = (B + S)hp* .746kW/hp /.86 (efficiency) * .80(loadfactor)= 7 kW
kabW pumpandCT fan =7 kW * 8760h0urs= 611320(Wh

kW,

'saving,NET

=987- 70=91.7kW

KWh,ngener = 303712- 61320=242,39KWh

3.3 Simple M&V for Cooling Equipment
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o
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3.3.1 Pre-Installation M&V Activities
3.3.1.1 Pre-installation Site Survey
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3.3.1.3 Pre-installation Performance Monitoring
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3.3.2 Post-Installation M&V Activities
3.3.2.1 Post-installation Equipment Survey
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3.3.2.2 Post-installation Inspection

# % % (
# % (
3.3.2.3 Post-installation Performance Monitoring
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3.3.3 Calculation of Demand and Energy Savings
3.3.3.1 Electric to Electric Equipment Replacements
% ( ! ,
' % % "1# " ! #
# % # % #2( # 0 C
( 1+ ( ( ! % ' 2
!( ! ! >I> >I@II % (I
+, -$- ) 4 @ *
COP
DKW =KW, ., x —=~ -1
COPbase
Where:
KW meter = Maximum 15-minute cooling equipment demand measured during the
utility peak-demand period.
COPew = Newly-installed cooling equipment coefficient-of-performance (COP) at
ARI design conditions.
COPpase = Baseline efficiency for retrofitted cooling equipment from Appendix A.
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COP CDD(65
DKWh =kWh, . x COPtew g » CDD(OShy
COPbase CDD(65)meter
Where:
KWhmeter = Summed metered kWh cooling equipment energy use determined for
one year.
COPew = Newly-installed cooling equipment coefficient-of-performance (COP) at
ARI design conditions.
COPpase = Baseline efficiency for retrofitted cooling equipment from Appendix A.
CDD(65)wy = Cooling degree days (base 65 F) for a typical meteorological year
(TMY) for the National Climatic Data Center (NCDC) station nearest
the site. The value is available in Appendix A, Table A.9.
CDD(65)meter = Cooling degree days (base 65 F) determined for the metering period
for the National Climatic Data Center (NCDC) station nearest the site.
The value is determined by AEP based on the metering period start
and stop dates.
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Example

In a Houston office building, a 600-ton, water-cooled, electric centrifugal chiller is replaced with a new chiller of
the same type and capacity. The new chiller has an ARI rated COP of 6.6 (0.530 kW/ton). After one year of
metering the new chiller energy use totals 697,374 kWh. The maximum demand recorded for the chiller
during the metering period that coincided with the utility peak demand period was 286 kW.

This measure is a one-for-one electric chiller replacement. The chiller’'s performance exceeds the minimum
COP (has a higher efficiency) required by the program. One year of continuous, energy-consumption data has
been collected. Thus, this measure qualifies for the simple M&V analysis procedure. To complete the savings
calculation for the simple M&V, the following additional information is required:

ASHRAE 90.1-1989 minimum chiller efficiency

The NCDC station nearest the site

The NCDC station TMY CDD(65) — Provided in the Appendices.
The NCDC station CDD(65) determined for the metering period

From Standard Cooling Equipment Tables, the minimum COP for a water-cooled centrifugal chiller of 300 tons
or more is 4.7 (or 0.748 kW/ton; see the Standard Cooling Equipment Tables). The NCDC weather station is
the Houston station. The cooling degree day data for the station are 2810 ( F day) for TMY2 and 2675 ( F
day) for the metering year

Based on the collected data and system characteristics, the demand savings are determined to be:

P
DKW =KW, ., * —CO new. -1
COPbase

DkW = 286* 06 1
4.7

Thus, the estimated demand savings are 115.6 kW.

Based on the collected data and system characteristics, the energy savings are determined to be:

P, DD
DkWh,,., =kWh__ * M -1 % %
COPbase rated CD D (65) meter
DKWh = 697374+ 20 1 » 2510
4.7 2675
Thus, the energy savings are 296,145 kWh.
3.3.3.2 Electric to Gas Equipment Replacements (Fue | switching)
% ( I ! .
# 1% $ ! % ' % '* !
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D<W = kaeter
Where:
KW _ Maximum existing, electric, cooling equipment demand measured
meter ~ during the utility peak-demand period
I( ! ( ! # % 2-
! 0/"B/l . 82- % I( % ' X

! | >|<|

T e

1
Dkwh =kWh .. - Btu_ .~
meter ® 10500(Btu/kwWh)
Where:
KWh _ Existing, electric, cooling equipment annual energy consumption
meter ~ measured or predicted
Btugas = Measured annual post-retrofit gas consumption
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4.1 Overview
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4.2 Determination of Baseline Operating Characteris  tics
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4.2.2 Spot and Short-term Measurement of Existing M otors
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4.2.3 Pre-installation Inspection
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4.3 Document Post-Retrofit Operating Characteristic s
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4.3.2 Spot Measurements of Motor Demand
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4.3.3 Post-installation Inspection
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4.3.4 Short-term Metering of Motor Operating Hours
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4.4 Calculation of Peak Demand and Energy Savings
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Example

A constant-speed process motor at an agricultural processing plant will be replaced with a smaller, high-
efficiency motor. As indicated on its nameplate, the existing motor is a 200 hp, 1800 RPM enclosed motor
with a nominal efficiency of 0.91. This motor will be down-sized to a 150 hp motor with a nominal efficiency of
0.96.

As the first step in the M&V, a spot measurement of the existing motor was made and indicated a power draw
of 165.3 kW.

The minimum efficiency standard for the existing motor is 0.95 (as given in the Minimum Standard Motor
Table) which is greater than the efficiency of the existing motor; therefore, the baseline demand is calculated
according to Equation 4.1.

(@) Baseline motor demand = 165.3%(0.91/0.95) = 158.3 kW

Following installation of the new motor, a spot measurement was made, and indicated an average, one hour,
power draw of 117.9 kW.

Post-installation metering of operating hours was then conducted for a one-week period. The metering results
show that the motor was operating for 81 hours out of the 168 hours in the metering period. The annual
operating hours were calculated using Equation 4.2, as shown below.

(b) Annual operating hours = (81/168)*8760 = 4224 hrs

The peak demand savings and energy savings were then calculated using Equations 4.3 and 4.4,
respectively, as shown below.
(c) Peak demand savings = 158.3 - 117.9 =40.4 kW

(d) Annual energy savings = 40.4 * 4224 = 170,650 kWh

4.5 Variable Speed Drives on Constant Baseline Moto  rs
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! Long-term monitoring may be required for motors with non-uniform or unpredictable load patterns.
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VSD Example

The constant air volume ventilation system at a commercial office building will be converted to a variable air
volume (VAV) system. The conversion involves retrofitting four 50 hp supply fan motors with variable speed

drives (VSDs). Additionally, the existing motors will be replaced with premium efficiency motors. The M&V

procedures for a single motor are illustrated below. In general, the same procedure would be followed for all
four motors.

A spot measurement of the power draw of the existing motor was made and gave a reading of 42.3 kW. The
nameplate on the existing motor indicates that it is an 1800 RPM, enclosed motor with a nominal efficiency of
0.92. From Appendix B, the mininum efficiency standard for this type of motor is 0.93; therefore, the baseline
demand is calculated according to Equation (a)

(a) Baseline demand = (0.92/0.93)*42.3 = 41.8 kW

Because the motor load is weather dependent, short-term post-installation metering must be conducted during
both summer and winter months. Thus, after the new motor and VSD are installed, short-term metering of the
motor’s power draw (KW) is conducted for two weeks in January (winter) and two weeks in July (summer).

The metering data indicates that the peak (one hour) summer period demand was 37.6 kW. The average
demand during the January metering period was 5.3 kW, and the average demand during the July metering
period was 19.8 KW. The summer and winter periods are assumed to account for equal portions of the year;
therefore, the metering results are weighted evenly for the two periods. Thus, the average demand is 12.6
kW.

The metering data indicates that motor was operating for 88 hours during the 336-hour January metering
period, and for 110 hours during the 336-hour July metering period. As discussed above, the results from the
two metering periods are weighted evenly; thus, the annual operating hours are calculated as shown in
Equation (b).

(b) Annual operating hours = [(88/336+110/336)/2]*8760 = 2581 hours

The peak demand savings and energy savings for this motor are calculated according Equations (c) and (d),
respectively.

(c) Peak demand savings = 41.8-37.6 = 4.2 kW
(d) Energy savings = (41.8-12.6)*2581 = 73,365 kWh
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5.3 Post-Installation M&V Activities
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Solar heat qain Peak hour solar
Orientation 29 heat gain (Btu/hr-ft *-
(Btu/ft “-year)

year)
SE 158,323 59
SSE 133,894 119
S 120,095 164
SSW 133,894 189
SW 158,323 219
WSW 168,978 228
W 162,388 220
WNW 139,995 208
NW 106,876 176
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0% 4 o+ -
K _ Afilm,o >SHG'FO >(SCpre,o - SCposLo)
Vvsavingso - -
341:xCOF
kvvsavingspeak = kvvsavingso,max
Where:
KWsavings,o = Peak demand savings per window orientation.
KWsaingspeak =  Peak summer demand savings.
Asiim,o =  Area of window film applied to orientation (ftz).
SHGF, = Peak solar heat gain factor (Btu/hr-ftz-yr) for orientation of interest
from Table 5.1 on vertical glazing at 32°N latitude.
SCpre =  Shading coefficient for existing glass/interior-shading device.
SChost =  Shading coefficient for new film/interior-shading device.
CoP =  Cooling equipment COP or SEER based on ASHRAE Standard 90.1-
1989 or actual COP of equipment, whichever is greater.
3413 =  Conversion factor (Btu/kW).
B'. % I( ! #
I ! !
# #
+l $ ! # *
kWQ _ — Afilm,o >SHG'FO >(SCpre,o - SCposLo)
avngse 3413COP
kWQavings = kWQavingso
Where:
Solar heat gain factor (Btu/yr) for orientation of interest from
SHG,
Table 5.1.
# ! & % ! # # % $
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Example

Window films are installed on an office building in Houston. The building does not have interior shading
devices. The building is not self-shaded or shaded externally by neighboring buildings. The window shading
characteristics, film surface area, and SHGFs are presented below. The SHG and SHGF values are based on
the data presented in Table 5.2. Cooling is provided to the building by a 600 ton, water-cooled, centrifugal
chiller. The ASHRAE 90.1-1989 rated COP for this type of chiller is 4.7, as specified in the AEP Standard
Cooling Equipment Tables.

. . 2 Window SC  Window SC Interior SHG Peak SHGF
Orientation Area (ft %) . ) -
(baseline) (w/films) Shading  (Btu/ft >-yr) (Btu/hr-ft %-yr)
South 10,000 0.95 0.35 None 120,095 164
West 10,000 0.95 0.35 None 162,388 220

The energy savings for installing the window films can be found using the information provided and
Equations 1a and 1b. Due to the absence of interior shading devices in the building, the window shading
coefficients are used in the savings calculation. The energy savings for the south and west films are equal to:

KWh _10000-120095:(095- 035) , 10000°162388:(095- 035)
avingssiu 3413x4.7 3413x4.7

kWh, =44,920+60,739=105659

avingss/w
The demand savings for installing the window films can be found using the information provided and

Equation 5.1. Due to the absence of interior shading devices in the building, the window shading coefficients
are used in the savings calculation. The demand savings for the south and west films are equal to:

_10,000:164:(095- 035)

kvvsavingss - =613
3413x4.7
W, = 10,000, 220:(095- 035) _ 822
3413x47
\ KW, = kW, =822 kw

savingspeak — savingsw
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(

following apply for the baseline and post-instadlatcase:

% % % ,
% ! # %
% ! % !
% % $ % &
% ! "
<# *
"<t
%

6.2 Data Types

I (% (
I % L)
% ) 3
!t ("% 3
% ( %
%% "l % | '
% 8 I %
(% ( 1 !
% & ( (% %
( &% %% (%
4 # % % %
% ! - % &
% ¢

% ! "
5

% 8

% (!
(o

™ %

%

110

% %$ #

% 'H

%

%

%

Measurement and Verification Guidelines



6.3 Documenting Baseline Operating Characteristics
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7.1 Overview

$ % ( ]
% | ( %
1 & % % $ )
Ko! | | (
| # % %
% % "
!
( %)
(! %, ( ' #
& ! ( %
o "% 1% '
I g
% 2#°' " %
( ' )
! ( I
s (
I( ( '
1 % ( 8 %
| ( |
% 1 % ("
* [ I ] %
I(
I( !
(
"o #

%

" F# "% %"

%% %

"%

"% % ! # 2

I # 2(
% " &

g
% (#

I!III # 1
( %

ll# n
%

10

Measurement and Verification Guidelines



7.2 Documenting Baseline Operating Characteristics
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Baseline kW calculated from Baseline Model aodesponding to same
time interval, system output, weather, etc., coods as > +
Measured kW obtained through continuous, oresgmtative period,
post-installation metering.

Length of time interval.

7.5.2 Second Approach: Metering Post-installation V. ariables
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corresponding to the measured time interval; meakssystem output,
measured weather variables, etc. in the post-lattal period.
Length of time interval.
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8.3 Calculation of Energy Savings: Multivariate Reg  ression
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9.1 Overview
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! Wolpert, J.S. and J. Stein, “Simulation, Monitoring, and the Design Assistance Professional,” 1992 International

Energy and Environment Conference.
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9.2 Baseline and Post-Retrofit Data Requirements
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9.3 Calculation of Energy Savings

9.3.1 Develop a Calibrated Simulation Strategy
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9.3.3.3 Hourly data calibration

( " # 6 9)
( :
? 2 Jo ?
J.
+, 9% #
(M - S)hr
MBE(%)=mth ____“ 100
IVlhr
month
Where:
Mur = the measured kWh for any hour during the month
Shr = the simulated kWh for any hour during the month

2 Kreider, J. and J. Haberl, “Predicting Hourly Building Energy Usage: The Great Energy Predictor Shootout:
Overview and Discussion of Results,” ASHRAE Transactions Technical Paper, Vol. 100, pt. 2, June, 1994
Kreider, J. and J. Haberl, “Predicting Hourly Building Energy Usage: The Results of the 1993 Great Energy
Predictor Shootout to Identify the Most Accurate Method for Making Hourly Energy Use Predictions,”. ASHRAE
Journal, pp. 72-81, March, 1994

Haberl, J. and S. Thamilseran, “Predicting Hourly Building Energy Use: The Great Energy Predictor Shootout II,
Measuring Retrofit Savings — Overview and Discussion of Results, ASHRAE Transactions, June, 1996.
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hr
month
Where:
Mur = the measured kWh for any hour during the month
Shr = the simulated kWh for any hour during the month
Nor = the number of hours in the month
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IleEmonth +10%
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9.3.34 Monthly data calibration
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Where:
Munonth = the measured kwWh for the month
Shonth = the simulated kwh for the month
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9.34 Post-installation models
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9.3.5 Detailed Energy Savings Calculations
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kWh = kWh

saved

Where:

kthavings =

KWhpaseline =

kWh post

baseline

The kilowatt-hour savings realized during the year.

The kilowatt-hour consumption of the baseline building operating
under the same conditions (weather, operation and occupancy
schedules, etc.) as the post-installation building.

The kilowatt-hour consumption of the post-installation building
operating under the same conditions (weather, operation and
occupancy schedules, etc.) as the baseline building.

- kWh

post
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