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ABSTRACT

This is the 2003 final report for the U.S. Army Monitoring and Verification (M&V) costs project. The purpose
of this project is to develop a M&V Costing Toolkit to be used by the government or third party planners to
design a M&V plan and to estimate the M&V costs associated with the verification of savings from the
implementation of energy conservation measures in a building, or group of buildings. This report presents a
general overview of the M&YV costing process, various methods for monitoring and verifying savings, and a
description of the M&V Costing Toolkit. In addition, examples of the use of the M&V Costing Toolkit will
also be presented for thirteen scenarios, including the M&V of boilers, chillers, EMCS, and lighting retrofits.

Three M&V methods have been developed for this toolkit, including: a) monthly utility billing analysis, b)
hourly or daily data analysis, and c¢) calibrated simulation, which is included under the data analysis method.
With the exception of the monthly utility billing analysis, each method has several data collection options,
including: a) using data loggers, b) using EMCS data and c) using utility interval data recorded by the utility
supplier and transferred to the data analyst. Each of these methods is intended to be compatible with the
IPMVP (2001) and ASHRAE’s Guideline 14P (ASHRAE 2001). Additional references have been included
that provide detailed descriptions of some of the M&V methods intended to be used with the report, as well as
vendors of data acquisition equipment referred to in this report.

This M&V Costing Toolkit was developed using the MS Excel program. The toolkit consists of three MS
Excel workbooks. The Utility.XLS workbook represents the monthly utility billing analysis method and the
Project.XLS workbook represents the data analysis and calibrated simulation methods. The M&V Equipment
Costs.XLS workbook contains the database of data acquisition equipment that is used in the Project.XLS
workbook. Each workbook can be divided into two parts, including the cost summary and detailed costing
information. Labor costs and weather information spreadsheets are included in both workbooks.
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1. INTRODUCTION

This is 2003 final report for the U.S. Army Monitoring and Verification (M&V) costing toolkit project. The
Army has invested large sums of money in energy conservation projects over the years to reduce energy costs
and reduce environmental impacts. Most recently, the primary instrument for financing these projects has been
the Energy Savings Performance Contract (ESPC). The general idea behind ESPCs is that the initial capital
investment is made by the ESPC contractor who is later paid by the government from the energy savings
attributable to the project. An extremely important aspect of this financing concept is the Measurement and
Verification (M&V) of the projected savings. In many cases, only minimal M&V is specified or performed.
There are many reasons for this, including a general lack of knowledge about how to perform M&V and how
much M&YV costs.

1.1 Purpose of this Project

The purpose of this project is to develop a M&V Costing Toolkit to be used by the government or third party
planners to design a M&V plan and to estimate M&V costs.

1.2 Contents of this Report

This report presents the description of the M&V Costing Toolkit. In addition, examples of the use of the M&V
Costing Toolkit are also presented. In Section 2, a description of the M&V Costing Toolkit is presented. Next,
a description of the distribution files is presented. In Section 4, instructions are presented for loading and using
the files. Section 5 includes examples of the use of the toolkit, which includes a detailed description of one
scenarios, and summaries of the remaining 12 scenarios. By using these examples, one can learn how to use the
toolkit for most M&V costing situations. Sections 6 and 7 contain the summary and references.
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2. DESCRIPTION OF THE TOOLKIT
2.1 Overview of the costing toolkit

This M&YV Costing Toolkit was developed using the Microsoft Excel program. Below are the three files that
contain the M&V Costing Toolkit.

e Project.xls

o Utility.xls

e M&YV Equipment Costs.xls

The M&V Costing Toolkit has several options for M&V processing. For example, the Project.xls workbook
(i.e., file) has three main options: using data loggers, using EMCS, and calibrated simulation. The Utility.xIs
workbook is for the monthly utility billing analysis. The M&V Equipment Costs.xls workbook is a database of
all of the M&V equipment. The user should copy each Excel file to a new file name representative of a
particular job, update the pointer to the file name, and then begin entering the required data into the costing
portion of the spreadsheet. The summary of the expected cost for the M&V job can then be viewed on the
summary spreadsheet.

2.2 Description of workbooks

In this section an overview of the workbooks and worksheets is presented. The M&V Costing Toolkit has been
developed using Microsoft Excel spreadsheets. The Utility.xIs and Project.xIs workbooks are the files in which
you work and store your data.

Each of these workbooks has several worksheets. These worksheets are basically divided into two parts: 1)
detailed costing input spreadsheets, and 2) summary spreadsheets as indicated by the tabs that appear at the
lower left corner of the spreadsheet.

Each of these workbooks then contains one or more options for the user to use in costing the M&V project. For
example, in the Monthly Utility Billing Analysis section of the Toolkit (which was developed in 2001) can
provide information about the gathering and processing of monthly utility billing information, weather
information and the analysis. This information is input into the “Utility.xls” workbook after the user has copied
it into a new file name that represents the project on which they are working. Additional information about the
Monthly Utility Billing Analysis method is provided in the example section of this report.

In the “Project.xIs” workbook, the user has three main M&V options, including: a) Using data loggers, b)
Using an EMCS system, and c) calibrated simulation. The user must select the equipment necessary for the
M&YV project from a database of equipment. This database of equipment is located in the “Fort Hood M&V
Equipment Costs.xIs” workbook, which is linked to the “Project.xls” workbook. The user is also required to
enter information about the gathering and processing of weather data. Finally, the user enters information
regarding the baseline analysis, ongoing savings analysis, reporting, data recovery, and project close-out.
Additional information about the Project.xls workbook is provided in the example section of this report.

Figure 1 presents a view of the Costing Summary spreadsheet that is used in both of the M&V workbooks.
Each of the Costing Summary spreadsheets has a spreadsheet title in the upper left corner of the spreadsheet to
indicate which spreadsheet is active as indicated. The user can change the type of spreadsheet by clicking on
the tabs located at the bottom left of the spreadsheet. The choices are: Project_Summary, Project_Cost,
Weather_Summary, Weather_Cost, and Labor_Cost.

December 2003 Energy Systems Laboratory, Texas A&M University



Title of Spreadsheet:
This title shows the spreadsheet
option which is currently being

U.S. Army M&V Toolkit, p. 9

Costing Information:

This tab show which spreadsheet is
used as costing information for this
cost summary spreadsheet.

used. One can move fromone (RIS LTRE T =100X]
spreadsheet to another using the Insett Format Tools Data Mindow Help - |5|1||
tabs below. —
GRY | @[ @ = A2l @ 2w -w/-|B U= A 2
J = =y | 0 m a Favorites ~ | Go - | %| ‘ieslhome. eslwin.tamu, edu Hewis$h wWoRKFort Hood\,curreyu Y - v|
12 =] =| Spreadsheet
sl B ol pATE | F [ e [ 0+ [ v Juaf k. wm [ M [0 | F | Ga
1 Project Summary Costing Information Color Code:
2 < _[Spresdzhizet |[Project Cost 1> Each color code represents the
3 .
L= - categories of cost elements.
% Installation " This color code is consistent
& - through all M&V workbooks.
4 Equipment Costs
| 7 | b |Labor Costs
| & | ¢ | Administration Costs
| 9 | d | Other Installation Costs
| 10 | F_|Travel Costs
1
12 Total Costs
13 —
4 nMaintenance
Element Table: | 15 |
Each table shows | 5 [a |Equipment Costs
element, various sub Ela b [Labor Costs
elements. and total | 12 | ¢ | Administration Costs
' &  Travel Costs
cost of each element. 20 |
il Total Costs
a2
23 -’Pollingz QC and Data Entry
24
25 4 Database Setup Costs
26 b | Polling Costs
27 ¢ | GC, DatabazeLoad
8 d Dats i
23 & | Computer Costs il
m{h M % Project_Summar Project_Cost ‘Weather_Summar Weather_Cos |
Ready IR V7

Spreadsheet Select tab:
Using this tab, one can move
from one spreadsheet to

another.

Figure 1: View of the Cost Summary Spreadsheet

In the upper right corner of the Costing Summary spreadsheet the Costing Information Input spreadsheet that is
currently being used is indicated. This name should be pointing to the file the user wants to open.

All of the spreadsheets are color coded to allow for easier tracking of the major cost categories, including:

equipment, labor, administration, travel, setup, polling, QC, data cleaning/recovery, computer costs, missing
data costs, model development costs, savings calculation costs, report generation costs, close-out costs, data
transfer costs, and other costs.

In the Project_ Summary spreadsheet, these Summary costs are then grouped together under the major cost
functions, including: 1) Installation, 2) Maintenance, 3) Polling, QC, and Data Entry, 4) Equipment Removal,
5) Data Recovery/Missing Data, 6) One-time Baseline/Post-retrofit Analysis, 7) Ongoing Savings Analysis, 8)
Creating the Basic Simulation Input File, 9) Calibrating Simulation, 10) Use the Calibrated Simulation to
Calculate Baseline, 11) Use the Calibrated Simulation to Calculate Ongoing Savings, 12) Reporting, 13) Close-
out Data Transfer, 14) Weather Data, and finally an entry for Overhead and Profit, and Total Project Costs.
Notice that on the Summary Cost spreadsheet, the only cell that the user needs to edit is the Overhead and
Profit, since all other cells are references to other spreadsheets. All other cells point to other cells in the
workbook, and therefore should not be changed.

Figure 2 shows the Costing Information Input spreadsheet (Project_Cost) for theProject.xls workbook. This
spreadsheet is the primary spreadsheet for the entry of the detailed information that appears in the
Project_Summary spreadsheet. The most commonly updated information is highlighted in blue. Less
frequently updated information remains colorless. The other cell colors relate to the color coded cost

categories.
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Title of Spreadsheet:

This title shows the spreadsheet
option which is currently being
used. One can move from one

spreadsheet to another using the Color Code:
tabs below. Each color code represents the
| Help categories of cost elements.
IDEESGRY[LIB@a[o-[@ = s 8|l @ 7w - 12 -|'m 7 u |=| Thiscolorcode is consistent
J Q/J - | 0 ‘ ﬁ Q Favarites ~ | Go- | 55 ‘ Vieslhome. eshwin, tamu, edultlewis$WORK Fort HoodyCurrent MEsy - v| through all M&V workbooks.
0 = =]
[ e | c [ o [ E [ F [ G [ H [ [ o [ & [ L [ ™ | ™[ oNT[ F
<"1' Project Cost
3 |Costing Infermatien
ry
5 | Moof Channels
7
8 | Equij and Labor I ion Costs
E]
(X Thamin | DWe | Efaetl | Fmet | mreea
0 1w ipti fMem B.Labar ditem Tems Eqwip Labar Admin. H.Tatal
—!— 1-Ax=D) 1-Ex=D) -Cx00 [-E+F+3)
o Ik Here 3] & 9] Y
Han Click Here 40 £ 31 5
Han Click Hers 30} 3} 0] #
L
Tl Here
Click Fere
y Clok et
1 Clck Fere
Clok Here
Click Flere
Clck Here
Clok Here
Click Flere
Tl Here
ClkHer
Clok et
ClckElere
Tl Here
Click Fere
Clok et
Clck Fere
Clok Here
Click Flere
Total Equi and Labor | ion Costs 0 30 $0]
| 45 | Other Installation Costs
TR Project_Summary 3 Project_Cost ‘Weather_Summary £ Weather_Cost A Labor Cost / | ]
Ready ———— _— T LM |

'\ Spreadsheet Select tab:

Using this tab, one can move
from one spreadsheet to
another.

Figure 2: View of the Costing Information Input Spreadsheet

This spreadsheet is accessed by clicking on the Project_Cost tab located at the bottom left of the Project.xls
Workbook.

2.2.1  Costing Information Input Spreadsheets

Each of the two workbooks includes two costing information input spreadsheets. Figure 2 shows the general
screen view of the costing information input spreadsheet. The Project.xls workbook has a Project_Cost and a
Weather_Cost information input spreadsheet. The Ultility.xls workbook has its own Utility_Cost and a
Weather_Cost information input spreadsheets.

2.2.2  Color Coding

To facilitate ease of use, certain costs categories have been color coded across all the spreadsheets as shown in
Figure 3. The categories are used for easier tracking of the major cost categories, including: equipment, labor,
administration, travel, setup, polling, QC, data cleaning/recovery, computer costs, missing data costs, model
development costs, savings calculation costs, report generation costs, close-out costs, data transfer costs, and
other costs.
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Cells for data entry are colored light blue across all spreadsheets for easy identification. All other colored cells
are reference formulas that do not require data entry

-CDLOR CODE

2.2.3

Ercyulip

Lakor
Acdmin
Trawel
N stup
polling
Qi

- Cther

-Data CleaninoiRecovery
Computer
Mis=sing Data
Model Development
Savings Calculations
Report Generation
Close-Out
Diata Transfer

Cell for data input

Figure 3: Color Code

Labor Cost Input Information

Labor costs are maintained in the Labor Cost spreadsheet of each workbook. These costs remain the same
across all spreadsheets in the workbook. Figure 4 shows the labor cost categories. The blue cells indicate the
cells that the user will most frequently change. A fixed 15.5% fringe benefit is applied to all labor costs,
yielding a total hourly rate for each category that is used in the workbook.

224

-
Z

a

1 K
[« e >
Personnel Rate ($/Hn) | Fringe Benefit| Total
[15.5% of Rate)

Froject PI $100 F16 116
Project CoPI $100 B16 $116
Froject Manager | F75 2 a7
Project Engineer a0 bl plas)
Data Base Support Worker $35 §5 $40
Data Base Manager $a0 ¥5 $55
Frogramming Manager 75 F12 $a7
Field Engineer 1 $s0 58 $55
Field Engineer 2 $35 & $40
Data Base Programmmer $35 B F40
Data Analyst a0 bl plas)

Total $757

Figure 4: Labor Cost Information

Costing Information Input for the Project.xls Workbook

The costing information input spreadsheet for the Project.xIs workbook contains the following elements:

Installation Costs

December 2003
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e Hardware maintenance
e Polling,QC and database entry
e  Equipment removal
e Data Recovery/Missing Data
e  One time Baseline/Post Retrofit Analysis
e Ongoing Saving Analysis
e  Creating the Basic Simulation Input File
e Calibrating Simulation
e  Use the Calibrated Simulation to Calculate Baseline
e  Use the Calibrated Simulation to Calculate Ongoing Savings
e Reporting
e  Closeout/Data Transfer
e  Summary
In the following sections each of the sub-sections of the Project.xls workbook are explained.

2.2.4.1 Project.xls Workbook: No. of Channels and Loggers

If data loggers or EMCS systems are going to be used for the M&V project, the user needs to enter the number
of channels of data that are being recorded by the data logger (or EMCS) and the number of loggers, at the top
of the costing information input spreadsheet for the Project.xls Workbook. These entries are used throughout
the cost information input spreadsheet wherever the calculation depends upon the number of channels or
number of data loggers at the job site. Figure 5 shows the data entry cells for the input of the number of
channels and loggers. Everything in the Project.xls workbook is linked to this cell. Therefore, the user should
make sure that these two cells accurately represent the number of channels and loggers for the project.

5 |Mo. of Channels 12
G |N|:|. of Loggers 1
Figure 5: Project.xls Workbook: No. of Channels and Loggers

2.2.4.2 Project.xls Workbook: Equipment and Labor Installation Costs

The next portion in the costing information input spreadsheet covers the input of information regarding the
equipment cost and labor costs required to install the equipment as shown in Figure 6. This information is used
in several other areas of the costing information input spreadsheet, where a ratio of the equipment cost is used
for maintenance and later equipment removal.

In Figure 6 the default selection of “none” is shown for all of the item cells, however, a different type of
equipment can be chosen by selecting the item cell and then selecting the desired piece of equipment from the
drop-down menu. Some of the equipment that is included in the Project.xls equipment Cost Information Input
spreadsheet include several different data loggers (which can be changed by the user), as well as portable data
loggers, EMCS panels, Btu meters, temperature sensors, flow meters, condensate meters, current transformers
(CTs), and voltage references (or PTs for potential transducers), watt hour transducers, phone line costs,
conduit costs, several handheld instruments, and several other equipment categories. The price of the
equipment will be automatically input into Column A once the equipment has been chosen.

In Column A the equipment costs for logger are shown, which represents a link to the equipment cost
spreadsheet. The labor costs associated with the installation of each piece of equipment are entered by selecting
the appropriate number of hours are then entered in the next column. The labor category is selected by
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choosing the appropriate personnel from the labor selection cell (see Figure 8). This then automatically updates
the single labor cost for all the equipment installation at that site.

In Figure 7 an example of the equipment is shown for the Enernet Model K20, which includes all manufacturer
information, and a photograph of the logger, which is current as of August 2003.

E3 Microsoft Excel - Project for Report — |E||i|

J File Edit Wew Insert Format Tools Data Window Help _|ﬁl|5||

DEEHSERY s2Ra o- (= A8 @e > B I U EA-

J.C\rial -1z -

J = = | 0 | ﬁ a Favorites ~ | Go ~ | ] | Vieshome . eshwin, tamu,eduitlewis$WORK Fort Hood\Current M2y - v‘
08 l =
A [ B | c [ o [ E [ F [ & [ H[ 1] & ] K I Q
1 |[Project Cost
[ 2 |
3 |Costing Informatioh
7
# |Equipment and Labor Installation Costs
E]
A Prics C. Admin. D .Ha. E.Tmtal F.Tural & Tutal
10 [ 1eem [ it Mram E.Labumr ditem Inamr Equip Labmr Adwmin H.Tutal
o (-A=D] (-BxD) [(-ea0) [-E+F+G)
Hane Llick Here [ [
Hane Clich Here 0 30
Harns Clich Here 30 30
Hane Click Here 0 £l
17 [Hane Click Here 3] 31|
T8 [Hane Click Here 3 30
T8 [Hane Click Here 3 30
2l [Hone Click Here 30
21 [Hone Click Here 30
22 [Hane Click Here
23 [Hane LIk Here
24 [Hane LIk Here
25 [Hane Ik Hete
25 [Hane Click Here 4
2 [Mane Click Here 4
25 [Hane LIk, Here 9
29 [Hane Clck, Here 9
30 [Hane LIk, Here 9
31 [Hone Click Here 34
22 [Hone Click Here 34
34 [Hone Click Here 34
3% [Hano Click Here 30
39 [Hano Click Here 30
36 [Hane Click Here
3¢ [Hane LIk Here
35 [ane LIk Here
39 [Hane Ik Hete
AU [ Hane Click Here 0
3 [Hane Click Here 4
32 [Hane LIk, Here 9
33 [Hane Clck, Here 9
34 [Hane LIk, Here 9
(5] Click Here
46 | Total Equipment and Labor Installation Costs 30
a
14 |< |) |>I[\ Project_Summar )\Project Cost Weather Summar: [ Weather Cost | L |

Ready ||—| [ Mom [
Figure 6: Project.xIs Workbook: Equipment and Labor Installation Costs
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F4 Microsoft Excel - Fort Hood M&Y¥ Equipment Costs ;lglgl
J File Edit Yiew Inserk Format Tools Data Window  Help ;Iilﬁl
Deda aR¥ (s o- @z s tlm® > = A- 7

J<3=' #|°|ﬁaFavuritESv|§Dv = =
EZ | =| Specifications
E | E [ H [ 1

Specifications

]

3 |Description:

11 |Channels:
12 |Memory:
Accuracy:

Signal Output:

15
1§ | Dperating Temp:
17 |Dimensions:

The ENERMET Podel K20
meterfrecarder iz an integrated
measurement and lagging instrument
capable of accurate and
comprehensive acquisition of AC
electrical cnergy, pulse counts,
temperatures, and analog inputs.

& channel power; & analag; & digital

power: +-0.4% of reading; current
and valtage: +/-0.4% of full zcale
power, current, voltage, conkact
clozures, kemperature

Power Requirements: | Class 2, energy limited 24%ac

transformer

4" 1" e 8"

1% | Special Requirements:

|4 4[» [ Equipment Summary . Logger { Portable Logger £ EMCS £ Flowmeter # ETU ME| 1 %

Ready

Figure 7: Example of Equipment Specifications in M&V Equipment Costs.xls

In Column C the administrative costs associated with the equipment installation are entered, as well as the
choice of the appropriate labor category. Column D is used to enter the number of pieces of equipment that are

being installed.

Column E is then the product of the equipment unit price times the number of units. The bottom of this column
is then used for the equipment summary costs. Column F is the total labor costs for the product of Column B
times Column D. Column G is the total administration costs, or Column C times Column D. Column H is then
the total of the equipment cost, installation labor and administration costs associated with each piece of
equipment. The bottom of this portion of the spreadsheet is then the equipment, labor and administration
summary categories that are carried forward to the Project_Summary spreadsheet, as indicated by color.

B. Labor

w

Project Engineesr e
Data Base Support Worker
[Data Base Manager

PrDEramminE Manaier

Field Engineer 2
Data Base Programmer  —
Data Analysk il

Figure 8: Project.xIs Workbook: Choose a person in charge
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2243 Project.xls Workbook: Other Installation Costs

In most installations there is quite a bit of preparation required before the actual installation.

39

40 |Other Installation Costs

42 C. Admin/unit D.Total Unit | E.Total Admin F.Total
43 Project Pl _ _ _

44 [tem Units A $Unit B. Ho. Units Hr Fhr (=4x8) (=BxC) (=D+E)
45 [Fremap F0.00 1 12 50 §1,386 §1,385
46 |Parts ordering, etc. $0.00 1 20 $116 §0 §2,310 §2,310
A7 [Other $0.00 [ 50 50 50
48 [other F0.00 ] ] F0 F0 F0
49

50 [Total Other Installation Costs §0

| 52 |Total Installation Costs

$3,696
$12,984

Figure 9: Project.xls Workbook: Other Installation Costs

This is quite often necessary for the preparation of the Preliminary Monitoring and Analysis Plan (PreMAP),
the ordering of parts and supplies, and other costs as shown in Figure 9.

2.2.4.4 Project.xls Workbook: Travel Costs
There are often a number of visits to each site to inspect, install, maintain, and remove data logging or EMCS
equipment. Each of these visits has an associated cost, as indicated in Figure 10. The costs associated with
travel have been simplified to represent transportation, lodging, meals and misc. The transportation costs are
entered into Column C as the $/unit, these are then multiplied by the number of items (Column A) times the
number of days (Column B). Lodging, meals and misc. are entered in a similar fashion. Column D is then used

to totalize the travel costs by category. The bottom cell in Column D is then carried forward to the Summary
spreadsheet.

54 |Installation Travel Costs

55

55 A. Humber of | B. Humber of People, D.Total
57 Items Days, etc. C. $/unit [=&xBxC)
a8 [Tran=poration 5 1 $100.00 F500
59 L oddging days 5 2 Floooof %1000
B0 |mesls per day [ 5 §10.00 $300
B1 [misc. 0 0 $0.00 0
F2

F3 |Total $1.800

Figure 10: Project.xIs Workbook: Travel Costs

There are four sections where travel costs are used in the spreadsheet, including: Installation travel cost,
PreMAP travel cost, Maintenance travel cost and Removal travel cost. Every travel cost table has the same
format as that shown in Figure 10.

2.2.4.5 Project.xls Workbook: Maintenance and Labor Costs per year
The next section of the Costing Information Input for the Project.xls Workbook is the information needed for
maintenance of the data loggers, EMCS, sensors, etc. The table that is provided in this section (see Figure 11)
is similar in format to the table in the Equipment and Labor Installation Costs. In the maintenance cost input
table the user inputs a percent (%) value for the cost of any anticipated annual equipment replacements for
each piece of equipment, as well as the associated labor and administrative hours spent on maintenance. The

spreadsheet then calculates the total equipment costs, labor costs, administrative costs and total maintenance
costs. Travel associated with the maintenance of the site will also need to be entered.
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76 [Maintenance and Labor Costs Per Year
77
A.Price C.Admin. D.Ho. E.Total F.Total G.Total
76 [tem Mem B.Labor ftem tems Equip. Labor Admin. H.Total
79 Field Engineer 1 Project CoPl _ _ _ _
| 50 | % Price Hrs FHr Hrs $Hr b et — i)
| 81 [Logger C-180 A0%|  $279.50 2 0.2 1 $250 $118 323 3415
| 82 [Logger C-140 08| §184.50 2 0.2 0 50 50 [ ]
| 83 [Looger C-120 0%  $124.50 2 0.2 [] 30 30 $0 0
| 84 [Logger B-80.Datamate 0% §74.50 2 0.2 [] 30 30 $0 $0
85 |Portable Logoer & 10% $0.00 2 0.2 [] 30 30 ] 0
86 [Portabls Logger B 10% 30.00 2 0.2 0 30 30 $0 30
B7 [Portable Logoer © 0% $0.00 2 0.2 [] 30 50 $0 $0
86 Dk Btu Meter 08|  $50.00 2 0.2 [] 30 30 ] 0
89 [Temperature Sensors 0%  $21.00 2 0.2 4 Fiad $462 $a2 $635
90 [Fiows Meter (DIy 30%| $180.00 4 0.2 2 $360 5462 545 3868
91 [Fiow Meter (FR) 30%|  $150.00 4 0.2 [] 50 50 ] 0
92 [Flow Meter (Onicon) 30%| $255.00 4 $56 0.2 $116 [] 30 30 $0 30
93 [Flows Meter Calibration 0% $0.00 2 0.2 1 50 5115 523 $133
94 [Condenzate Meter 30%|  $540.00 4 0.2 0 ETT) 30 ] 30
95 [cT=s 0% §15.00 1 0.1 6 $a0 3347 363 $506
96 [PT= 08| $17.s0 1 0.1 1 ¥15 $58 512 387
97 [vvatt Hour Transducer 0%  $39.40 1 0.4 0 F0 30 ] 30
98 [Phone 10% 30.70 0.5 0.1 1 ¥ 328 512 541
99 |Conduit 0% $0.00 0.1 0.4 1 30 35 $12 17
100 [Handheld Instrumerit & 20% $0.00 0.2 0.1 [] $i 30 ] 30
101 [Handheld Instrumert B 20% $0.00 0.2 04 [] 30 $0 $0 $0
102 |Handheld Instrumert C 20% $0.00 0.2 0.4 [ 30 30 ] 30
103 [other 0% $0.00 ] 0 0 30 30 $0 0
104 [other 0% $0.00 [ 0 0 50 50 [ ]
108
106 |Total Costs $832 $1,594 $289 §2,714

Figure 11: Project.xls Workbook: Maintenance and Labor Costs Per Year
2.2.4.6 Project.xls Workbook: Polling, QC and Data entry costs

The next screen allows the user to input costs associated with the polling, quality control (QC), and data entry
associated with each data channel, and/or logger (see Figure 12). These costs begin with setup costs that are
associated with each data logger or EMCS panel and usually occur once in the beginning of the project. For
example, the cost of programming any automated polling software, setting up the database channels, etc. For
each of the costs in this section of the spreadsheet there is an entry for supply costs, which may represent
expendables related to this function. The supply units for the setup costs, polling costs, QC/Database, data
cleaning, and computer maintenance are all tied to either the “per channel” or “per logger” count. The number
of units for “other” is allowed to be defined by the user. The user then needs to define the labor and
administrative salary category, the hours associated with each task, and the number of times each year that this
task is performed.

[120|Polling, QC and Data Entry Costs
121

E. Ho. F.Total G.Total | H. Total
122 |item A. Unit B-Supply C.Labor D.Adminunit Peryr Supply Labor Admin | |. Total
123 IData Base Support Worker Project P
[124] o Uit it Hrs St Hrs Hr i (<CxE) | (:DxE) |(=F+G-H)
125 [Setup Costs 2 5000 05 0.2 1 50 520 523 H
126 |Poling Costs Per Logger 1 F0.00 0.25 0.1 52 $0 $526 F601 $1.126
127 |ac, Datahase Load Per Channel 12 §0.00 0.25 $10 0.1 116 52 %0 §526 $601 $1,126
128 |Data Cleaning Per Channel 12 §0.00 1 1 1 %0 $40 $116
129 [camputer Mairtenance: Fer Marth 12 $1.00 0.25 [X] 12 144 121 130
130 [other [ $0.00 [ [ [ 0 i1 0
131
132|1ctal Costs $144 §1233] 91478 | $2,855)

Figure 12: Project.xls Workbook: Polling, QC and Data Entry Costs

The spreadsheet then calculates the supply costs, labor costs, administrative costs and total costs associated
with the polling, QC and data base entry.

2.2.4.7 Project.xls Workbook: Equipment Removal Costs

The equipment removal costs is the next section of the Costing Information Input (see Figure 13). In a similar
fashion to the maintenance costs, these costs are related to the original equipment costs using a percentage (%)
designation. To assign costs to this section of the spreadsheet, the user enters a percentage value for the
removal of the equipment (based on the original cost of the equipment), the labor and administration
categories, and the hours associated with this task for labor and administrative categories. Since this is a one-
time cost there is no entry for the number of times this occurs. The spreadsheet then calculates the total
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equipment costs, labor costs, administrative cost and total costs associated with the equipment removal. Travel
costs associated with the equipment may also need to be entered using the previously described section on
travel.

|134| Equipment Removal Costs
135

A.Equip. C.Admin. D.Ho. E.Total F.Total G. Total
136 [em Priceftem B.Labor iitem Item Equip. Labor Admin H. Total
137 Field Engineer 2 Project Pl
135| % Price Hrs iHr Hrs FHr S| e A
1133 |Logger c-180 0% 50 4 0.2 1 0 $162 $23 $185
| 140 [Logger 140 0% 30 4 02 0 $0 30 30 30
1141 [Logger ¢-120 0% 30 4 0.2 0 $0 30 30 30
ﬁ Logger B-50/Datamate 0% 30 4 0.2 0 $0 0 30 30
143 |portable Logger & 0% 30 2 0.2 0 §0 $0 F0 1]
144 |partable Logger B 0% 30 2 0.2 0 0 30 30 30
145 |Partable Logger C 0% 30 2 0.2 0 0 30 30 30
146 oK Btu Meter 0% 30 4 0.2 0 0 30 30 30|
147 [Temperature Sensors 0% 30 4 0.1 4 0 3647 F4E 3693
148 |Flow Meter (D) 0% 50 4 0.4 2 0 $323 $23 $347
143 [Flow Meter (FR) 0% 50 4 0.4 0 0 30 50 30
150 [Flonw Meter (Onicon) 0% 30 4 $40 04 $116 0 30 0 30 30
151 [Flow heter Calibration 0% 30 2 04 1 $0 ksl 2 $a2
152 [Condensste hieter 0% 30 2 04 0 $0 30 30 30
153 |cT= 0% 30 1 0.1 6 30 $243 63 $312
1564 |p1= 0% 30 1 0.4 1 0 F40 F12 §52
155 fwvatt Hour Transducer 0% 30 1 04 0 §0 $0 F0 0|
156 |Phone 0% 30 0.5 0.4 1 0 F20 F12 §32
157 |Handheld Instrumerit & 0% 30 0.25 0.1 0 0 i1 30 30|
1568 |Handheld Instrumert B 0% 30 0.25 0.1 0 §0 $0 30 30|
159 |Handheld Instrument © 0% 50 0.25 0.4 0 0 30 30 30
160 [other 0% 50 [ 0 0 0 30 50 30
161 [other 0% 50 [ 0 ] L 30 50 30
162
163 |Total Costs $0 $1,516 $196 $1,712

Figure 13: Project.xls Workbook: Equipment Removal Costs
2.2.4.8 Project.xls Workbook: Data Recovery/Missing Data

The next section of the spreadsheet allows the user to enter costing information that is related to the recovery
of bad or missing data (see Figure 14). This occurs often in a monitoring project when inappropriate scaling
factors are assigned to a channel and need to be corrected. Likewise, periods of missing data may need to be
removed and/or replaced with synthesized or imputed data. In this section the user defines the appropriate labor
and administrative categories, and the hours associated with the data recovery or missing data tasks. A
category has been reserved for “other” costs that can be defined by the user. Since these tasks can occur at
different frequencies throughout the year, the user is allowed to enter the number of times per year that each
task occurs.

[176|Data Recovery/Missing Data
177
E.Ho. F.Total G.Total | H. Total
178 [rem A. Unit B.Supply C.Labor D.Admin/unit Peryr Supply Labor Admin | |. Total
179 [Data Base Support Worker Project P1
[Enl No_ Uit it Hrs it Hrs $irlr i el | R
181 |Data Recovery Per Channel 12 1.00 8 1 1 §12 $323 $116
182 |Missing Data Per Channel 12 $1.00 § $a0 1 $116 1 312 §323 16 | 41|
183 other 0 F0.00 0 0 ] 30 0 §0
184
186 [Total Costs 24 pe47| g2 | $902|

Figure 14: Project.xlIs Workbook: Data Recovery/Missing Data
2.2.4.9 Project.xls Workbook: One Time Baseline/Post Retrofit Analysis

This section of the spreadsheet allows the user to enter costs associated with the creation of baseline statistical
models that are based on different channels of data (see Figure 15). In a similar fashion to the other functions a
category for supplies has been reserved. The tasks associated with the one-time baseline or post retrofit
analysis include setup costs (based on each logger), model development costs, and other costs. To use this
portion of the spreadsheet, the user chooses the appropriate labor and administration category, the number of
models that are being developed and assigned the appropriate time in hours associated with the tasks shown.
The spreadsheet then calculates the supply costs, labor costs, administrative costs and total costs.
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[187|One Time Baseline/Post Retrofit Analysis
188

E. Ho. F.Total G.Total | H. Total
189 tem A. Unit B.Supply C.Labor 0. i i Peryr Supply Labor Admin | |. Total
190 Data Analyst Project Pl
ﬁ Mo, Unit Fnit Hra FHr Hrs FHr (=B xE (=CxE) (-DxE) | CF+GH)
192 |setup Costs 1 §1.00 2 1 1 $1 $116 F116
193 [Mode! Developmert Costs  |Model 1 $5.00 ) 58 0.5 $116 1 $20 462 56
194 |cther [ $0.00 0 0 0 50 50 50 | |
195
196 [Tatal Casts 321 gs7a| 9173 | §772|

Figure 15 Project.xls Workbook: One Time Baseline/Post Retrofit Analysis
2.2.4.10 Project.xls Workbook: Ongoing Savings Analysis

This section of the spreadsheet allows the user to enter costs associated with the ongoing savings analysis (see
Figure 16). Usually, this is required since the analyst that is calculating the savings must apply the baseline
models against either a weather normalized year or against the actual post-retrofit weather data to calculate the
savings associated with the retrofit measure. In some cases this may require the creation and application of a
post-retrofit model to fill-in missing data in the post-retrofit period, costing categories for the savings
calculation and another cost category have also been added. To use this section of the spreadsheet, the user
chooses the labor and administrative categories, chooses the number of post-retrofit models and savings
calculations, and assigns an hourly labor and administrative charge to each of these tasks, as well as the
number of times per year that this task must be performed.

1129| Ongoing Savings Analysis
200

E.Ho. F.Total G.Total | H.Total
201 [tem A Unit B.Supply C.Labor D.Admin/unit Per yr Supphy Labor Admin | | Total
202 Data Analyst Project Pl
ﬁ Ma. Unit Fnit Hrs FHr Hrs FHr (=8 xE) (=CxE) (DxE) | EF+GeH)
204 |Post-Retrofit Modsl Costs 4 §1.00 ] 1 1 54 F462 $116 $582
205 |savings Calculations 4 §5.00 0.5 $58 0.5 $116 12 §240 $347 $693 $1,280
206 |ather (] §0.00 ] ] 0 $0 0 0
207
208 [Total Costs F244 a0 sa0a|  $1,861|

Figure 16: Project.xls Workbook: Ongoing Savings Analysis
2.2.4.11 Project.xls Workbook: Creating the Basic Simulation Input File

In Figure 17 the costs associated with the creation of a calibrated simulation are entered into the spreadsheet.
Assuming that the DOE-2 program is used, these include the creation of the LOADS, SYSTEMS, PLANT and
ECONOMICS portion of the input file. The user enters any supplies, labor, administrative labor costs, and the
associated times each year these costs occur. The spreadsheet then calculates the total supplies, labor,
administration and total costs.

1157 | Creating the Basic Simulation Input File
165
E. No. F_Total G.Total H. Total
1159 Item A Unit B.Supply C.Labor DO.Admintunit Feryr Supply Labor Admin| |. Total
1190 Data Analyst Project Pl _ - . -
191 Mo.Units $MUnit Hrs $iHr Hrs $iHr " - [=DHE] | (SF+G+H)
192 | Creating LOADS Files 1 $0.00 30 1 1 0 #1733 3116
193 Creating SYSTEMS Files 1 $0.00 10 1 1 0 3678 3116
194 | Creating PLANT Files i $0.00 5 158 1 $116 1 0 $288 $16
195 Creating ECONOMICS Files 1 1 1 1 0 352 3116
196 | Other 0 0 [ [ 0 01 30
197
198 | Totsl Costs 0 SZEST $462 | $3,119]

Figure 17: Calibrated Simulation: Creating the Basic Simulation Input File
2.2.4.12 Project.xls Workbook: Calibrating the Simulation

In Figure 18 the costs associated with calibrating the simulation are entered, which are similar in format to
those shown in Figure 17 with the exception that there are several procedures associated with the LOADS
calibration, including the calibration of the building dimensions, schedules, envelope construction, as well as
the packing of a weather tape with on-site weather data, and the calibration of the SYSTEMS and PLANT
input files.
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|200| Calibrating the Simulation
201

E. No. F.Total G.Total | H. Total
202 | Ikem A_ Unit E.Supply C_Labor D_Adminfunit Per gr Supply Labor Admin| | Total
| 203 | Data Asalyst Project PI _ _ _ -
204 Mo Unit Uit His $iHr His HHr [:B+El A R A
1205 | Cali. LOADS Dimensiond Procedure 1 $0.00 10 1 1 0 3578 15 $693
| 206 | Calib. LOADS Schedules Procedure 1 $0.00 5 1 1 0 289 16 $404
| 207 | Calib LOADS Int Ervye Con Procedure 1 $0.00 5 1 1 $0 $289 e $404
208 |Packing Weather Tape | Frocedure 1 $10.00 5 $58 1 116 1 $10 $288 $116 414
1209 | Calib SYSTEMS Procedure 1 0,00 10 i i 30 $578 310 693
| 210 | Calib PLAMT Frocedurs 1 F0.00 10 L] 1 30 578 30 578
211 | Other o o o o 0 F0 0
212
213 | Total Costs 310 32593 3573 | $3,186)

Figure 18: Project.xls Workbook: Creating the Calibrated Simulation

2.2.4.13 Project.xls Workbook: Use of Calibrated Simulation to Calculate Baseline

Once the simulation is calibrated it is then used to calculate the baseline for the project, which includes the
costs shown in Figure 19. These include the setup costs, model development costs and baseline calculation
costs.

1215|Use the Calibrated Simulation to Calculate Baseline
216

E. No. F.Total G.Total | H. Total
217 | ltem A. Unit B.Supply C.Labor D.Adminfunit Per yr Supply Labor Admin | | Total
1215 Data Asalyst Praject Pl _ _ _ -
219 Ho, Uit $fUnit Hrs $tHr Hrs #Hr [:B+E) [ECHEI | EDRE] | (CF+GHH)
220 Setup Costs 1 $0.00 P 1 1 0 4231 116 _
22 | Model Development Costs 1 $0.00 2 $58 1 $116 1 0 462 116 $578
222 | Calculate Baseline 1 $0.00 2 1 1 0 E:311 16 $231
223 | other ] $0.00 L] o L] 0 30 $0
224
225 Total Costs &0 $809 3347 | $1,156

Figure 19: Project.xlIs Workbook: Use the Calibrated Simulation to Calculate Baseline
2.2.4.14 Project.xls Workbook: Use the Calibrated Simulation to Calculate Ongoing Savings
Finally, once the retrofits have been applied to the project, the costs associated with the calculation of savings

need to be entered, as shown in Figure 20. These include any costs associated with the model development or
refinement, and the savings calculations.

1227 |Use the Calibrated Simulation to Calculate Ongoing Savings
228

E. No. F.Total G.Total | H. Total
1229 ltem A. Unit B.Supply C.Labor DO.Admintunit Per yr Supply Labor Admin| |. Total
| 230 Data Asalyst Project Enginser _ " " -
23 o Unit lnit Hrs HtH Hrs HiHr R el R e
232 | Model Development Costs 1 $1.00 8 0.5 1 # 462 $29 $492
233 | Savings Caleulations 1 $1.00 1 58 [ $58 12 $1z $E93 $47 $1,052
234 | other 1] F0.00 ] 1] 1] 0 0 30
235
236 Total Casts $13 $1,155 3375  $1,643]

Figure 20: Project.xIs Workbook: Use the Calibrated Simulation to Calculate Ongoing Savings
2.2.4.15 Project.xls Workbook: Reporting

The next section of the spreadsheet allows the user to input costing information that relates to the generation of
savings or consumption reports (see Figure 21). The costs associated with the reporting of information include
a setup cost for each site (i.e., per logger or EMCS panel), report generation costs per site or logger, and a user-
defined other cost. In a similar fashion to the other costs, the user is allowed to also enter a supply cost. To use
this section of the spreadsheet the user selects the labor and administrative categories, the labor and
administrative hours associated with each task, and the number of times per year this task is performed. The
spreadsheet then calculates the supply costs, labor costs, administrative costs and total costs associated with the
reporting function.
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210
211

Reporting

212

item

A Unit

C.Labor

0.

E. Ho.

F.Total

G.Total
Labor

H. Total
Admin

|. Total

B.Supply

Peryr

Supply

213
214

Data Analyst

Project Pl

Mo, Unit

Fnit

Hrs

FHr

FHr

(=B xE)

(=C xE)

(=D xE)

216

Setup Costs

1

$1.00

2

1

116

#1186

216

Report Generation Costs

$1.00

05

$58

$116

12

2

347

{=F+G+H)

$347 §705

217

other

$0.00

$0

30

218

219

Total Costs

13

§462

3462

$937]

2.24.16

Figure 21: Project.xlIs Workbook: Reporting

Project.xls Workbook: Close-out, Data Transfer

The next section of the report involves costs associated with the close-out and data transfer tasks (see Figure
22). These tasks are often required when data from an M&V project are to be transferred to another job. The
tasks assigned to the section of the spreadsheet include the close-out costs, data transfer costs, and other costs.
Supply costs associated with these tasks can also be defined by the user. To use this section of the spreadsheet,
the user enters the labor category, administrative category, labor and administrative hours associated with each
task, and the number of times each task is to be performed. The spreadsheet then calculates the supply costs,
labor, administrative costs and total costs.

21
222

Close-out, Data Transfer

223

A. Unit

B.Supply

C.Labor

D.Adminiunit

E. Ho.
Per yr

F.Total
Supply

G.Total
Labor

H. Total
Admin

|. Total

224
225

Data Analyst

Project P1

Mo, Unit

Fnit

Hrs

FiHr

Hrs

FHr

(=BxE)

(=C xE)

(=D xE)

(=F+G+H)

226

Close-Out

Per Logoer

1

$1.00

1

1

1

58

#1186

§174

227

Data Transfer

Per Channel

12

$1.00

2

$58

1

$116

-

2

116

F116

225

other

$1.00

$0

$0

30

229

§243

230

Total Costs

13

$173

3231

$417|

2.2.4.17

Figure 22: Project.xls Workbook: Close-out, Data Transfer

Project.xls Workbook: Cost Summary

The next section of the report shows the summary costs. It is reached using the tabs at the bottom of the
spreadsheet. In this section a summary of the costs is provided, which have previously been calculated in each
of the previous sections as shown in Figure 23. In this section of the report the user only needs to update the
Overhead and profits associated with the project, which are then applied to the summarized project costs.

Cost Summary

Project

Weather

1 Installation
2 Maintenance
3 Polling, QC and Data Entry
4 Equipment Removal
5 Data Recovery/Missing Data
6 One Time Baseline/Post Retrofit Analysis
7 Ongoing Savings Analysis
8 Creating the Basic simulation Input File
9 Calibrating Simulation
10 Use the Calibrated Simulation to Caculate Baseline
11 Use the Calibrated Simulation to Caculate Ongoing
12 Reporting
13 Close-out, Data Transfer
1 Hourly Weather Data
Overheads & Profits

22%

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$3,843
$845

Total Project Costs

$4,688

Figure 23: Project.xls Workbook: Cost Summary
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2.25  Costing Information Input for the Utility.xIs Workbook

The costing information input spreadsheet for the Utility.xls Workbook was defined and 2001, and therefore is
different than the input for the Project.xIs Workbook since there is no cost associated with the installation,

maintenance and/or removal of the data logging equipment. The costing information input spreadsheet for the
Utility.xIs workbook contains the following elements:

e Data transfer, QC and data entry

o Data Recovery/Missing Data

e  One time Baseline/Post Retrofit Analysis
e Ongoing Saving Analysis

e Reporting

e  Closeout/Data Transfer
2251 Utility.xIs Workbook: Data Transfer, QC and Data Entry Costs

The first section that appears on the data information input spreadsheet for the Utility.xls Workbook involves
the actual transfer of data from the utility to the M&V provider. In this section the user can input the number of
units for setup costs, any associated supply costs, and labor and administrative categories (see Figure 24). The
user then can enter values for the data transfer, QC and database loading, data cleaning, any associated
computer costs and other costs. For each of these categories the user enters the hour of labor associated with
each item, the administrative hours, and the number of times each year that the process takes place. The
spreadsheet then calculates the supply costs, the labor costs, the administration costs and the total costs.

5 |Data Transfer, QC an< Data Entry Costs

E. No. F.Total G.Total |H. Total
7 [1em A_ Unit B.Supply C.Labor D_Admindunit Per yr Supply Labor Admin | | Total
8 Data Base Support Worker Project PI [=B+E) [=C#E) 0%E) |{=F+G+H)
9 Tlo it $Unit Hrs $iHr Hrs FiHr
10 | Setup Costs 1] $0.00 4 0.5 1 30 $162 355
11 | Data Transfer [ $0.00 0.5 0.1 52 30 $1.051 3601 $1,652
12 | GC, Datsbase Load 0 $0.00 0.1 $40 0.1 $116 52 30 20 601 $811
13 | Data Cleaning [1] $0.00 10 1 1 30 404 $16
14 | Computer Costs Per Month 12 $10.00 L] [] 12 1,440 $0 0 $1,440
15 | ather 0 $0.00 L] 0 0 30 30 30
16
17 [Total Casts $1440 slser|  stare | 34,642

Figure 24: Utility.xls Workbook: Data Transfer, QC and Data Entry Costs
2.2.5.2 Utility.xIs Workbook: Data Recovery/Missing Data

The next section of the spreadsheet allows the user to enter costing information that is related to the recovery
of bad or missing data (see Figure 25). This occurs often in a monitoring project when inappropriate scaling
factors are assigned to a channel and need to be corrected. Likewise, periods of missing data may need to be
removed and/or replaced with synthesized or imputed data. In this section the user defines the appropriate labor
and administrative categories, and the hours associated with the data recovery or missing data tasks. A
category has been reserved for “other” costs that can be defined by the user. Since these tasks can occur at

different frequencies throughout the year, the user is allowed to enter the number of times per year that each
task occurs.
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Vo
20 |Data Recovery/Missing Data
|21 |
E. No. F.Total G.Total | H. Total
22 |ltem A. Unit E.Supply C.Labor D.Admintunit Per yr Supply Labor Admin | | Total
23 Data Base Support Worker Project PI o
| 24 | o Unit $Unit Hrs $Hr Hrs $Hr [-BE) FEE] | ED4E) | (=FeGeH)
28 | Data Recovery [] 100 2 1 1 30 $323 Eaild
26 [Missing Data 12 $100 8 40 1 $116 1 12 $323 shs [ $451]
27 | other L] $0.00 ] ] L] 30 30 30
28
28 [Total Casts 31z 3647 3231 | $890|

Figure 25: Utility.xls Workbook: Data Recovery/Missing Data
2253 Utility.xIs Workbook: One Time Baseline/Post Retrofit Analysis

This section of the spreadsheet allows the user to enter costs associated with the creation of baseline statistical
models that are based on different channels of data (see Figure 26). In a similar fashion to the other functions a
category for supplies has been reserved. The tasks associated with the one-time baseline or post retrofit
analysis include setup costs (based on each logger), model development costs, and other costs. To use this
portion of the spreadsheet, the user chooses the appropriate labor and administration category, the number of
models that are being developed and assigned the appropriate time in hours associated with the tasks shown.
The spreadsheet then calculates the supply costs, labor costs, administrative costs and total costs.

31 |One Time Baseline/Post Retrofit Analysis

| 32|

E. No. F.Total G.Total | H. Total

33 |Iem A. Unit E.Supply C.Labor D.Admintunit Per yr Supply Labor Admin | | Total
34 Data Analyst Project PI -

| 35 | 1o, Unit $10ni Hrs $Hr Hrs $Hr . FEE) | GDRE) | (=FeGeH)
36 [Setup Costs 1 $0.00 + 1 1 $0 231 $116 H
37 | Model Development Costs | Model 1 $0.00 2 $58 1 16 1 30 $462 16 $578
38 | Savings Caleulations 1 $0.00 F 1 12 30 $1,336 $1.336 $2,772
39 [other [ $0.00 [ [ [ $0 0 0
40
41 [ Total Casts 0 s2079)  s1617 | $3,696]

Figure 26: Utility.xls Workbook: One Time Baseline/Post Retrofit Analysis
2254 Utility.xIs Workbook: Ongoing Savings Analysis

This section of the spreadsheet allows the user to enter costs associated with the ongoing savings analysis (see
Figure 27). Usually, this is required since the analyst that is calculating the savings must apply the baseline
models against either a weather-normalized year or against the actual post-retrofit weather data to calculate the
savings associated with the retrofit measure. In some cases this may require the creation and application of a
post-retrofit model to fill-in missing data in the post-retrofit period, costing categories for the savings
calculation and another cost category have also been added. To use this section of the spreadsheet, the user
chooses the labor and administrative categories, chooses the number of post-retrofit models and savings
calculations, and assigns an hourly labor and administrative charge to each of these tasks, as well as the
number of times per year that this task must be performed.

43 |Ongoing Savings Analysis

| 24

E. No. F.Total G.Total | H. Total

45 | Item A Unit B_Supply C.Labor D_Adminfunit Per g1 Supply Labor Admin | |. Total
46 Data Analyst Project Engineer -

| 47 | ho. Unit $10ni Hrs $Hr Hrs $1Hr . FERE) | (OB | (=FeGeH)
48 | Model Development Costs 1 $1.00 2 0.5 12 $12 41,385 $347 $1,745
49 | Savings Calculations 1 $1.00 1 $58 0.5 458 12 312 693 $347 $1,052
50 | ather 0 $0.00 0 1] 0 30 $0 $0
a1
52| Total Costs $24 $2,079 $693]  §2,796)

Figure 27: Utility.xIs Workbook: Ongoing Savings Analysis

2255 Utility.xIs Workbook: Reporting

The next section of the spreadsheet allows the user to input costing information that relates to the generation of
savings or consumption reports (see Figure 28). The costs associated with the reporting of information include
a setup cost for each site, report generation costs per site or logger, and a user-defined other cost. In a similar
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fashion to other costs, the user is allowed to also enter a supply cost. To use the section of the spreadsheet the
user selects the labor and administrative categories, the labor and administrative hours associated with each
task, and the number of times per year this task is performed. The spreadsheet then calculates the supply costs,
labor costs, administrative costs and total costs associated with the reporting function.

54 |Reporting
a5
E. No. F.Total G.Total | H. Total
56 |Item A. Unit E.Supply C.Labor D.Admintunit Per yr Supply Labor Admin | | Total
a7 Data Asalyst Project PI R _ _ -
53 o, Unit $iUInit Hrs $Hr Hrs $Hr [:BxE] [-C+El FDHE) | (=FeGeH)
58 | Setup Costs 1 $lod 4 1 1 #1 23 Eall
B0 [ meneration Costs z $100 1 58 0.25 $116 12 yid 363 M7
61 [other 2 $0.00 0 0 [ 0 0 0
62
63 [Total Casts 325 394 sa6z]  $1,411)
Figure 28: Utility.xls Workbook: Reporting
2.2.5.6 Utility.xIs Workbook: Close-out, Data Transfer

The next section of the report involves costs associated with the close-out and data transfer tasks (see Figure
29). These tasks are often required when data from an M&V project are to be transferred to another job. The
tasks assigned to the section of the spreadsheet include the close-out costs, data transfer costs, and other costs.
Supply costs associated with these tasks can also be defined by the user. To use this section of the spreadsheet,
the user enters the labor category, administrative category, labor and administrative hours associated with each
task, and the number of times each task is to be performed. The spreadsheet then calculates the supply costs,
labor, administrative costs and total costs.

65 [Close-out, Data Transfer

| BB |

E. No. F.Total G.Total | H. Total

BY |ltem A Unit B.Supply C.Labor D.Adminfunit Per yr Supply Labor Admin | | Total
<t Data Analyst Data Baze Manager

| B9 | He, Uit it Hrs ’ $iHr Hrs $FH“: [-BE) (CHE) | =DuE) | (=F+GiH)
70 | Close-Out 1 100 2 1 # $16 $58 $174
71 |Data Transfer 1 100 2 $58 1 $58 2 $2 $23 $16 $349
72 | other 0 F100 0 0 2 $0 $0 $0
73
T4 [Total Costs 3 $347 $173] $523]

Figure 29: Utility.xIs Workbook: Close-out, Data Transfer

2.2.6  Utility.xls Workbook: Costing Information Input for Weather Data

Each of the previously mentioned workbooks (i.e., Project.xls and Utility.xIs) will require some sort of weather
data to be acquired either from the National Weather Service (NWS) or from another weather provider. In most
instances there will be some sort of cost associated with the acquisition of weather data. To allow for this, the
M&YV Costing Toolkit has a costing information input for weather data. This section can be reached under the
“Weather_Cost” tab of each workbook.

The user is then allowed to enter costing information that includes setup costs, polling/transfer costs, QC and
database costs, data cleaning costs and other costs (see Figure 30). The user is also allowed to enter supply cost
information for each function. After selecting the labor category and administration category, the user can then
assign an hourly labor and administrative value to each task, as well as the number of times per year that the
task is performed. The spreadsheet then calculates the total supply costs, labor costs, administration costs and
total costs.
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| 5 |Hourly Weather Data

E. HO. F.Total G.Total H. Total

7 |em A. Unit B.Supphy C.Labor D.Admin/unit pPer yr Price Labor Admin | | Total
i Data Base Support Worker| Project Engineer (=B xE) (=CxE) (=D % E) (=F+G+H)

9 1o, Unit Fnit Hrs FHr Hrs FHr

10 |Setup Costs 1 .00 2 0.25 1 #1 581 514 H

11 |PollingTranstfer 1 $1.00 0.5 0.25 52 F52 $1.,051 §751 §1.854

12 |ac, Database Load 1 $1.00 0.5 $40 0.25 $58 52 F52 $1,091 F751 $1,854

13 |Data Cleaning 1 §1.00 1 0.25 1 1 F40 F14

14 |ather 0 $0.00 0 0 0 0 30 30

15

16 |Total Costs 106 s2223]  wiEan | $3,860]

Figure 30: Utility.xls Workbook: Hourly Weather Data

2.2.7  Utility.xls Workbook: Cost Summary

In a similar fashion as the Project.xls, the Summary costs for the Utility.xls Workbook provides a summary of
the costs from the previously entered data. It is also reached using the tabs at the bottom of the Utility.xls
spreadsheet. In this section a summary of the costs is provided, which have previously been calculated in each
of the previous sections as shown in Figure 31. In this section of the report the user only needs to update the
Overhead and profits associated with the project, which are then applied to the summarized project costs.

Cost Summary

1 Data transfer, QC and database Entry $4,642
2 Data Recovery/Missing Data $890
3 One Time Baseline/Post Retrofit Analys $3,696
4 Ongoing Savings Analysis $2,796
5 Reporting $1,411
6 Close-out, Data Transfer $523
1 Hourly Weather Data $3,860

Overheads & Profits 22% $3,920

Total Project Costs $21,737

Figure 31: Utility Workbook: Cost Summary
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3. DESCRIPTION OF THE FILES CONTAINED ON THE DISTRIBUTION DISK.

There are seven files and 13 Scenario folders included with the distribution disk for the M&V Costing Toolkit.
The first file “M&V Final Report.doc” is the file that contains this document. The Project.xls, Utility.xls, and
the Fort Hood M&V Equipment Costs.xls files contain the M&V Toolkit. The remaining files are used for the
sample M&YV projects.

Below is the list of files contained on distribution disk.

M&YV Final Report.doc: The file containing this document.
Project.xls: This is the Project.xls Workbook.
Utility.xls: This is the Utility.xls Workbook.

Fort Hood M&V Equipment Costs.xls: This is the database of all the M&V equipment and is linked to
the Project_Cost spreadsheet of the Project.xls Workbook.

Metering-Scenarios-for-CERL-MV.doc: This is a list of the thirteen metering scenarios for the CERL
M&YV Costing Toolkit.

MeteringMatrix.xls: This file contains a table that lists the necessary M&V equipment for each of the
thirteen metering scenarios.

LaborCostMatrix.xls: This file contains a table that summarizes the labor costs for the thirteen
metering scenarios.

13 Scenario Folders: Each of these folders contains a Project.xls workbook and a Fort Hood

Equipment Costs.xls spreadsheet for a different metering scenario. There are thirteen folders total.
0 Lighting Scenario #1: Lighting retrofit

Lighting Scenario #2A: Lighting retrofit

Lighting Scenario #2B: Lighting retrofit

Lighting Scenario #3: Lighting retrofit

Chiller Scenario #1: Chiller retrofit

Chiller Scenario #2: Chiller retrofit

Chiller Scenario #3: Chiller retrofit

EMCS Scenario #1: EMCS retrofit

EMCS Scenario #2: EMCS retrofit

EMCS Scenario #3: EMCS retrofit

Boiler Scenario #1: Boiler retrofit

Boiler Scenario #2: Boiler retrofit

Boiler Scenario #3: Boiler retrofit

OO0OO0OO0OO0OO0OO0OOO0O0OO0OO
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4. GENERAL INSTRUCTIONS FOR USE OF THE TOOLKIT
4.2.  Installing files on distribution disk to your hard disk.
4.2.1. Creating a new folder

To begin the use of the M&V Costing Toolkit, it is recommended that a new folder be created for the storage
of the generic files for the Toolkit, and one new folder for each job that the ToolKkit is to be used on. For
example, in the C drive, in the File menu, point to the New file, new Folder option, and then type “M&V-
Toolkit” into the new folder name followed by the Enter key.

4.2.2. Copy files

To copy the files from the CD-ROM distribution diskette, after inserting the CD-ROM into the drive, open
Windows Explorer, double click on the CD-ROM drive and open the drive. Select all Excel files on the CD-
ROM. Then using the Edit menu, select Copy. Next, open the M&V-Toolkit folder, then on the Edit menu,
select Paste. The three M&V Costing Toolkit files will then appear in the folder M&V-Toolkit. Next, since
these files were copied from a CDROM, they need to have their read-only attribute changed. To do this, select
all three files (i.e., using the Shift button together with the left mouse button). Then, using the right button on
the mouse or keypad, select Properties, and then deselect the “read only” option (you can also deselect the
Archive option).

4.2.3. Modifying the toolkit

Whenever you want to use the M&V Costing Toolkit you should change the Project.xls and Utility.xIs file
names and create new files for each project. To do this, open the folder that contains the M&V Toolkit. On the
file menu point to the New file selection, then select a new folder, enter the new folder name. Then copy all
three Excel files (i.e., the M&V Toolkit) into the new folder. Rename the Project.xls and Utility.xIs file names
to the appropriate name for this project, while leaving the Fort Hood Equipment Costs.xls file name alone. The
Fort Hood Equipment Costs.xls file is linked to the Project.xls file, therefore if the name of the Fort Hood
Equipment Costs.xls file is changed, the M&V Toolkit will not run.

4.2.4. Loading the M&V Costing Toolkit

You can load the M&V Costing Toolkit from Excel or directly using Explorer. In Figure 32 MS Excel has
been started. In Excel, open all three files in the folder that contains the M&V Costing Toolkit. This can be
done by pointing at all three files with the Shift and left button on the trackpad or mouse as shown in Figure
33, Figure 34, and Figure 35.

Once the three spreadsheets have been loaded, one of the spreadsheets can be selected for use by using the
Window selection option. In Figure 36 the Project.xls Workbook has been selected. Figure 37 shows the
relationship between each spreadsheet and the associated detailed costing information. In the next section,
examples of each of the spreadsheets will be presented.

Hew OFfics Document
Open Office Document

Windows Update

» 3 MsN Messenger
Real

Shut Down,

| Eofinbox - Hicrasoft ... | @final-report-tev-c.. | Bfin
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Figure 32: Run the Microsoft Excel Program
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Figure 33: Open a dialog box
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Figure 34: Browsing a folder to find the M&V Costing Toolkit workbooks.

& M&¥-Toolkit

File Edit ‘Wiew Favorites Tools  Help

=10l

sPBack = = - | Qhsearch  [Folders ¢4 | 308 x @ | FE

Address I[:I ZAWORK \Fort HoodM&Y ZipiMey-Toolkit

j @GD

T,

e
M&V-Toolkit

This Folder is Online.

3 items selected.
Total File Size: 5,43 MB
Utiliby

Praject
Fort Hood MY Equipment Costs

-

|3 ohject(s) selected |E.43 ME |° Internet

|

Figure 35: Select all files using Shift left button
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Figure 36: Select M&V Workbook from previously opened files.
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5. EXAMPLE USE OF THE TOOLKIT
5.2.  General Instruction
The general process for using the M&V Costing Toolkit is as follows:

1) First, choose a M&V Toolkit Workbook (either Project.xls or Utility.xls).

2) The next step is the input process. Most of the input cells are placed in the costing information
spreadsheet. Therefore, when you want to input data, you should start from the costing spreadsheet.
For the Project.xls Workbook, the costing spreadsheet is called ‘Project_Cost’ and for the Utility.xls
Workbook, the costing spreadsheet is called ‘Utility_Cost’.

3) After entering all of the required data, you can obtain the total cost from the cost summary
spreadsheet. For the Project.xls Workbook, the cost summary spreadsheet is called
‘Project_Summary’ and for the Utility.xls Workbook, the cost summary spreadsheet is called
‘Utility_Summary’.

Thirteen metering scenarios were developed to be used with the Project.xls Workbook of the M&V Costing
Toolkit. This next section of the report discusses the use of the Project.xls Workbook with the thirteen
scenarios, however only Lighting Scenario #1 will be discussed in detail. The thirteen metering scenarios are
listed below:

0 Lighting Scenario #1: Lighting retrofit — high cost, high accuracy ($50,395)

o0 Lighting Scenario #2A: Lighting retrofit — medium-high cost, medium-high accuracy
($27,215)

o0 Lighting Scenario #2B: Lighting retrofit - medium cost, medium accuracy ($22,971)

o Lighting Scenario #3: Lighting retrofit — low cost, low accuracy ($18,565)

o Chiller Scenario #1: Chiller retrofit — high cost, high accuracy ($39,219)
0 Chiller Scenario #2: Chiller retrofit - medium cost, medium accuracy ($38,436)
o Chiller Scenario #3: Chiller retrofit — low cost, low accuracy ($32,404)

0 EMCS Scenario #1: EMCS retrofit — high cost, high accuracy ($77,044)
0 EMCS Scenario #2: EMCS retrofit - medium cost, medium accuracy ($51,571)
0 EMCS Scenario #3: EMCS retrofit — low cost, low accuracy ($45,731)

o0 Boiler Scenario #1: Boiler retrofit — high cost, high accuracy ($34,596)
o0 Boiler Scenario #2: Boiler retrofit - medium cost, medium accuracy ($25,989)
o0 Boiler Scenario #3: Boiler retrofit — low cost, low accuracy ($18,457)

In each of the sections that follow, the 13 scenarios are discussed, beginning with the general metering
assumptions that were made for each scenario, followed by the detailed assumptions about the labor costs, and
finally the summary costs for each scenario. Details about each scenario can be obtained by opening and
inspecting the appropriate spreadsheet that accompanies this report.

5.3.  Lighting Scenarios.

Four lighting scenarios were developed to illustrate the use of the M&V Costing Toolkit. The metering
assumptions for these scenarios are shown in Figure 38, which include the functional type of data logger,
electrical metering, thermal metering and equipment for measuring weather data. In this table the hours for the
labor for installing the system are shown and the costs associated with the hours is shown in Figure 39.
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Figure 38: Metering Matrix for Lighting Scenarios.

LABOR HOURS

Metering Installation
Labar in Hours
(ohoes not inclucde endginesring analysis)

Total Cost per Labor Category

Labor Cost per Hour

1. Mater Building Electrical MDP Bus Bars - Log 15 min. data

Plumbing Contractor ;| 80 $75.00 $6.000.00

1a  Logger calculates Power Consumption

Electtical Contractor: 80 $75.00 $6.000.00

2. Submeter MCC at MDP - Log 15 min. data

Wiring/Programming Technician: | 80 $50.00 $4.00000

28 Logger calculates Power Consurnption

Technician to verify installation: . 40 $50.00 $2.00000

3. Logger calculatesCHYW Energy consumption -15 min. data

ManagerFroject Engineer; 20 $100.00 $2.000.00

3a.  Install flow meters and temperature sensars

Premap: 30 [ $116.00 $3,480.00

4. Logger calculates Hwi Energy consumption -Log 15 min, data

Equipment Removal: 20 $40.00 $800.00

4a. Install flow meters and termperature sensors

5. Duplicate Gas WUility Meter Pulse - Log 15 min. data

B. Hourly Weather data from NWS

Total Cost $20,000.00

1. Meter Building Electrical MDP Bus Bars - Log 15 min. data

Electrical Contractor, 40 $75.00 $3.00000

18 Logger calculates Powsr Consurnption

WirinafProgramming Technician: | 60 $50.00 $3.000.00

2. Submeter MCC at MDF - Log 15 min. data

Technician to verify installation: 20 $50.00 $1.000.00

Za Logger calculates Power Consumption

ManagerProject Engineer, 20 $100.00 $2.000.00

3. Duplicate Gas Uility Meter Pulse - Log 18 min. data

Premap 20 | $116.00 $2.320.00

4. Hourly Weather data from NWS

Equipment Removal: 20 $40.00 $800.00

Total Cost $9,000.00

Lighting Scenario #2B: Lighting Retrofit: med. Cost/ med. Accuracy

1. Duplicate Electric Utility Meter Pulse - Log 15 min. data

Technician to verify installation: 20 $50.00 $1.00000

2. Duplicate Gas Wility Meter Pulse - Log 15 min. data

Wiring/Programming Technician: 40 $50.00 $2.00000

WanagerProject Engineer,| 20 $100.00 $2,000.00

Fremar 10 | $116.00 $1,160.00

3. HourlyWeather data from NWS

Equipment Remaoval; 10 $40.00 $4OU.UU

Total Cost $5,000.00

1. Whole Building Electric - Log § min. data using potable rmeter

WitingProgramming Technician: | 40 $50.00 $2.000.00

2. Monthly utility bills for electricity use and electric demand Technician o veriy installation: 60 $50.00 $3,000.00
3. Monthly utility bills for natural gas ManagerProject Engineer. 20 $100.00 $2.000.00
4. Month of lighting loggers to confirm lighting use profiles before & after lighting retrofit PreMAR 10 $116.00 $1,16000
5. Hourly Weather data from NWS Eguipment Remaval: 10 $40.00 $400.UU
Total Cost $7,000.00
Figure 39: Labor Costs for Lighting Scenarios.
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5.3.1. Lighting Scenario #1: Lighting retrofit — high cost, high accuracy

In this section of the report detailed information is presented for the Lighting Scenario #1, which was
developed to demonstrate a high cost, high accuracy metering project to validate lighting savings in a large

building.

Savings to include:

electricity savings from lighting retrofit normalized for occupancy

cooling savings due to lighting retrofit normalized for weather

additional heating gas use to make up for lighting retrofit normalized for weather
chiller efficiency performance tracked

boiler efficiency performance tracked

Analysis method:

Daily electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily
lights and receptacle loads versus daily average NWS

Hourly electric demand = 24 hour weather daytype profiles of lights and receptacle loads electricity using
ASHRAE 1093 Toolkit on presorted data.

Daily cooling savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE MCC
electricity use versus daily average NWS

Daily heating increase = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily
whole-building gas use versus daily average NWS

Hourly chiller performance model using ASHRAE 827 RP models

Hourly boiler performance model

Metering:

15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter
15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps,
etc.).

15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).
15-minute chiller Btu output using flow meter, temperature sensors and integrated Btu meter.
15-minute boiler Btu output using flow meter, temperature sensors and integrated Btu meter.
digital/analog DAS with integrated wattmeter

hourly weather data from NWS

Pros:

Uses closest NWS

Analysis uses ASHRAE IMT, chiller models, boiler models, 1093 daytype profiles

Electricity savings of lighting and receptacles normalized for weather and weekday/weekend.
Separate electricity savings of cooling electricity use normalized for weather and weekday/weekend
Natural gas take-back normalized for weather and weekday/weekend.

Cons:

Weather dependent and weather independent savings combined into one model.
Uses slightly more expensive DAS with integrated wattmeter
More expensive, requires thermal metering, Btu meters.

Knowing the metering specifications, a table (located in Metering Matrix.xls) was then created that outlines
what type of equipment would be needed in order to satisfy the metering requirements for the scenario. Figure
40 shows the portion of the Metering Matrix that deals with Lighting Scenario #1.
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Figure 40: Metering Matrix for Lighting Scenario #1

5.3.1.1. Lighting Scenario #1: Labor Costs

The next step involves setting the hourly labor rate for Lighting Scenario #1. In the M&V Costing Toolkit, the
user has the ability to set the hourly labor costs using the Labor Costing Information tab. This tab is located at
the bottom of spreadsheet and is labeled ‘Labor Cost’. Figure 41 shows this section of the Project.xls
workbook. For most projects the user will need to update the hourly billing rates for the different personnel on
the project. The total hourly rate is then calculated as 115.5% of the hourly rate for each employee. The 15.5%
can also be changed by the user by changing the formula for Fringe Benefit.

1 Labor Cost iInformation

2

3 Personnel Rate ($/Hr) | Fringe Benefit| Total
4 (15.5% of Rate)

5 Project PI $100 $16 $116
B Project CaPl $100 $16 $116
7 Project Manager | Tk $12 §av
L5} Project Engineer $a0 pia] pats)
9 Data Base Support Worker §35 pia] §40
10 Data Base Manager $a0 pia] pats)
11 Prograrmming Manager Tk $12 §av
12 Field Engineer 1 $a0 pia] pats)
13 Field Engineer 2 §35 pia] §40
14 Data Base Prograrmimer §35 pia] §40
15 Data Analyst $a0 pia] pats)
16

17

18 Total $757

Figure 41: Project.xls Workbook: Lighting Scenario #1: Labor Cost Information
5.3.1.2. Lighting Scenario #1: No. of Channels & No. of Loggers

For the Lighting Scenario #1 (13) channels were to be used to record the data from the retrofit. These channels
were to be collected by (1) data logger as shown in Figure 42.
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Figure 42: Project.xIs Workbook: Lighting Scenario #1: No. of Channels and Loggers

5.3.1.3. Lighting Scenario #1: Equipment and Labor Installation Costs

The first category to appear at the top of the Costing input sheet in Lighting Scenario #1 is for the installation
of the Data Loggers, including the Equipment and Labor Installation Costs shown in Figure 43, with details
provided in Figure 39. In this scenario, $19,923 are estimated for installation labor costs®, and about $5,982 for

equipment costs.

Ed Microsoft Excel - Project-Lighting-1

J File Edit Wiew Insert Format Tools Data Window Help

DNEEH2SSRY¥| 428 o &= 4 8|00 7 sk o - rju|===
Al =] = Project Cost
A B ¢ [ o | E | F G| 1 g
1 |Project Cost
| 2 |
3 |Costing Information
7
8 |Equif and Lahor | Ilation Costs
g
A Price C.Admin. D.No. | E.Total F_Total G.Total
| 10 |Item Deseription Equi Labor Admin. | H.Total
_"2_ [(-Bs0) [=CxD) | [=E-Fs3]
3 |Logger[ENERNET Corparation_K20-2] Click Here 0 30
4 |Potential Transducer[Sentran Corp,_WTH] Click Here $0 $0
15 | Current Transduser[Sentran Corp_4LS Series) Click Here 0 0
16 [FlowmeterOnicon, Inc,_F-110] Click Here 0 0
A7 |RTD Temp Sensonkele Solutions_ST-wWE5) Click Here
18 [ Signal Transmitter(kele Solutions_hadel OT13) Click Here
19 | Mizc [Sprint_RJ1T) Click Here
20 [Mlisc[Kele Solutions_Madel 631-U100] Click Here
21 izc.[Conduit_1.0" Conduit Costift) Click Here
22 [Mane Click Here
23 [Mane Click Here: $13.921
24 [Mane Click Here:
25 |Mone Click Here
26 |Mone Click Here
27 |Mane Click Here
28 |Mone Click Here
29 |Maone Click Here
30 |Mane Click Here
31 |Mone Click Here
32 [Mane Click Here
33 [Mane Click Here:
34 [Mone Click Here
35 [Mone Click Here
36 | Mane Click Here
37 |Mone Click Here
38 |Mone Click Here
9 | Mone Click Here
4 one Click Here
41 [Mane Click Here
42 [Mane Click Here:
43 [Mane Click Here:
44 |Mone Click Here
45 Click Here
46 [Total Equipment and Labor Installation Costs $19,923 $0
|4 [« [p [m]_ Project_summary ' Project_Cost 4 Labor Cost weather_Summar: ‘weather Cost |< |
Ready | RILA Y

Figure 43: Project.xIs Workbook: Lighting Scenario #1: Equipment and Labor installation Costs

! The $19,923 value is an estimate of the detailed labor cost of $20,000.

December 2003

Energy Systems Laboratory, Texas A&M University



U.S. Army M&V Toolkit, p. 34

5.3.1.4. Lighting Scenario #1: Other Installation Costs

In most installations there will also be other costs associated with the installation that include such tasks as the
development of Preliminary Monitoring Aalysis Plans (PreMAPS), the ordering of parts, etc. These costs can
be accounted for using the Other Installation costs. In Scenario #1 (30) hours is estimated for the PreMAP.

EA Microsoft Excel - Project-Lighting-1
J File Edit Wew Insert Format Tools Data Window Help

DEHe SRY % BB|o- (@ = & 2|l E 2 bk

Al 4 =/ Project Cost

A B [ c¢c | o [ E [ F | & [ H [0 [ o [ & [ L [ m

1 |Project Cost
12
3 |Costing Information
| 48 |Other Installation Costs
43
[ a0 | C. Adminfunit__|D.Total Unit|.Total Adm{__F.Total
51 ¥ D
152 |item Units A. $1Unit B. No. Units FEC) E0E)
a3 |FreMAF 0. $3.4 34
54 | Other 3
55 | Other 32008
56 [Other 0
a7
58 |Total Other Installation Costs $0 $3,480
159
60 | Total Installation Costs $29.385
LR RSN Project_Summar Project_Cost / Labor Cost £ Weather_Summary £ ‘weather_Cost |4 - 3
Ready [ U

Figure 44: Project.xls Workbook: Lighting Scenario #1: Other Installation Costs.
5.3.1.5. Lighting Scenario #1: Installation Travel Costs

For those sites located some distance from the M&V provider, there will be travel costs associated with site
visits. These can be accounted for in several areas of the Costing Input Spreadsheet. In Figure 45 the travel
costs for Scenario #1 are estimated to contain 2 days of transportation costs at $50/day for the rental car, and
one overnight for $100/night, with meals estimated to be three meals for two days equal to six meals at $10 per
meal. Total installation travel costs for the Project Engineer are estimated at $260. Travel costs for the
subcontractors are assumed to be included in their hourly rates.

Ed Microsoft Excel - Project-Lighting-1 - |EI|5|
J File Edit Wew Insert Format Tools Data ‘Window Help -|5|£|
ID2EE ERY L2l - @ = & 4|l B 7 aessx RIS
Al < =| Project Cost
A B [ ¢ [ b [ E | F [ & [ H | 1|
1 |Project Cost
| 2 |
3 |Costing Information
| 62 |Installation Travel Costs
B3
| 64 | A. Number of B. Number of D.Total
G5 Items People, Days, etc. C.. $lunit [=AxExC]
BE | Transporation $60.00 100
E7 | Lodaing days $100.00 $100)
B8 | Meals per day F10.00 60
59 | Mise. #0.00 $0
Fil]
71 |Total $260
4[4 » [M] Project_Summary % Project_Cost ¢ Labor Cost / Weather Summa|4| AH
Ready || T oM | m

5.3.1.6. Lighting Scenario #1: Maintenance and Labor Costs per Year

Figure 45: Project.xls Workbook: Lighting Scenario #1: Installation Travel Costs
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Maintenance and the associated labor costs for the job are shown in Figure 46. These maintenance costs are
tied to the installation costs and are calculated as a percent (%) of the price of the original item plus the labor
associated with the device during the maintenance trip. In Scenario #1 these are estimated to be significant

costs for the logger, flowmeters, temperature sensors, and signal transducers, which total $1,791 during the
maintenance period.

Ed Microsoft Excel - Project-Lighting-1
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T4

A Price DMNo. | ETotal | F.Total | G.Total

| 75 |tem ftem Equip. Labor Admin.
% (&%) | [(BxD) | (-cxO)
78 [Logger[ENERNET Corporation_K20-2] F125 30 34
79 [Potential Transducer Sentran Corp. YTH] ] 30

&0 | Current Transducer(Sentran Corp, LS Series: 0 30

&1 [Flowmeter[Onicon, Inc_F-1110] $187 $328

82 [RTO Temp Sensoi(Kele Soldtions_ST-wes 366
| 53 [Signal Transmitter(Kele Solutions_Model OT13) 322

84 [Misc.[Sprint_Fl)
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95 |Mone
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03 | Mone
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10

11 .

12 [Total Costs [ I [ 4399] $928 §464
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Figure 46: Project.xls Workbook: Lighting Scenario #1: Maintenance and Labor Costs Per Year
5.3.1.7. Lighting Scenario #1: Maintenance Travel Costs
The travel costs associated with maintenance are shown in Figure 47, and include 2 days of transportation costs

(i.e., rental car), one day of lodging for one person, and six meals for one person over two days, for a total cost
of $260.
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Figure 47: Project.xls Workbook: Lighting Scenario #1: Maintenance Travel Costs

5.3.1.8. Lighting Scenario #1: Polling, QC and Data Entry Costs

The polling, QC and Data Entry costs are shown in Figure 48. These costs include: a one-time setup cost for 13
channels, 52 weeks of polling costs for one logger, 52 weeks of QC, and database loading, a one-time cost for

data cleaning, 12 months of computer maintenance, for a total cost of $1,361.
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Figure 48: Project.xls Workbook: Lighting Scenario #1: Polling, QC and Data Entry Costs

5.3.1.9. Lighting Scenario #1: Equipment Removal Costs

The equipment removal costs are shown in Figure 49. In a similar fashion to the maintenance costs, these costs

are expressed as a percent (%) of the original equipment cost. These costs are estimated to be $916 for the
removal of the data logger, and the connected sensors, etc.
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Figufe 49: Project.xlé Workbook: Lighting Scenario #1: Equipmént Removal Costs.
5.3.1.10. Lighting Scenario #1: Equipment Removal Travel Costs

In a similar fashion to the installation and maintenance costs, there are also travel costs associated with the
equipment removal, estimated to be $260.
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Figure 50: Project.xls Workbook: Lighting Scenario #1: Equipment Removal Travel Cost
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5.3.1.11. Lighting Scenario #1: Data Recovery/Missing Data

Quite often during the course of a metering and verification project there will be periods of missing data or

data that needs to be rescaled. In Figure 51 the data entry section of the spreadsheet for data recovery/missing
data is shown. In the example shown, these costs are estimated to be $302.
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Figure 51: Project.xIs Workbook: Lighting Scenario #1: Data Recovery/Missing Data

5.3.1.12. Lighting Scenario #1: One Time Baseline/Post Retrofit Analysis

In most monitoring and verifications projects there will be a need to developing a baseline model, which is
needed to project the pre-retrofit energy use into the post-retrofit period. Often, when there are missing data
there is also a need to develop a post-retrofit model to fill-in missing data that might occur during the post-
retrofit period. To account for the costs of this Figure 52 shows the cost information entry section of the

spreadsheet for determining the costs associated with one time baseline or post retrofit models. In the example
shown these costs are estimated to be $766.
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Figure 52: Project.xls Workbook: Lighting Scenario #1: One Time Baseline/Post Retrofit Analysis

5.3.1.13. Lighting Scenario #1: Ongoing Savings Analysis

After the baseline and/or post-retrofit models are created, the coefficients from the models will need to be
applied to the data that are being collected in the post-retrofit period. To account for these costs Figure 53
shows the ongoing savings analysis costs. For this example, these costs are estimated to be $1,033.
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Figure 53: Project.xls Workbook: Lighting Scenario #1: Ongoing Savings Analysis

5.3.1.14. Lighting Scenario #1: Creating the Basic Simulation Input File

In the Lighting Scenario #1 this option was not used, therefore all values were set equal to zero as shown in
Figure 54.
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Figure 54: Project.xIs Workbook: Lighting Scenario #1: Creating the Basic Simulation Input File

5.3.1.15. Lighting Scenario #1: Calibrating the Simulation

In the Lighting Scenario #1 this option was not used, therefore all values were set equal to zero as shown in
Figure 55.
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Figure 55: Project.xls Workbook: Lighting Scenario #1: Calibrating the Simulation

5.3.1.16. Lighting Scenario #1: Use the Calibrated Simulation to Calculate Baseline

In the Lighting Scenario #1 this option was not used, therefore all values were set equal to zero as shown in

Figure 56.
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Figure 56: Project.xlIs Workbook: Lighting Scenario #1: Use the Calibrated Simulation to Calculate Baseline

5.3.1.17. Lighting Scenario #1: Use the Calibrated Simulation to Calculate Ongoing Savings

In the Lighting Scenario #1 this option was not used, therefore all values were set equal to zero as shown in

Figure 57.
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Figure 57: Project.xls Workbook: Lighting Scenario #1: Use the Calibrated Simulation to Calculate Ongoing

Savings

5.3.1.18. Lighting Scenario #1: Reporting

In the Lighting Scenario #1 this option included $1,301 in costs for setup, and report generation costs as shown

in Figure 58.
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Figure 58: Project.xls Workbook: Lighting Scenario #1: Reporting

5.3.1.19. Lighting Scenario #1: Close-out, Data Transfer

In the Lighting Scenario #1 this option included $130 in costs for close-out and data transfer as shown in

Figure 60.
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Figure 59: Project.xls Workbook: Lighting Scenario #1: Close-out, Data Transfer
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5.3.1.20. Lighting Scenario #1: Hourly Weather Data

In the Lighting Scenario #1 this option included $3,843 in costs for setup, polling and transfer, QC, Database
loading, and data cleaning as shown in Figure 60.
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Figure 60: Project.xls Workbook: Lighting Scenario #1: Hourly Weather Data

5.3.1.21. Lighting Scenario #1: Cost Summary

Once the detailed cost information has been entered into the cost information spreadsheet, the user then
transfers back to the Data Logger summary sheet to view the summary of all costs associated with the project.
Figure 61 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $50,395.

Cost Summary
Project 1 Installation $29,645
2 Maintenance $2,051
3 Polling, QC and Data Entry $1,061
4 Equipment Removal $1,176
5 Data Recovery/Missing Data $302
6 One Time Baseline/Post Retrofit Analysis $766
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $1,301
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits _ $9,088
Total Project Costs $50,395

Figure 61: Project.xls Workbook: Lighting Scenario #1: Cost Summary
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5.3.2.  Lighting Scenario #2A: Lighting retrofit — medium-high cost, medium-high accuracy

In this section of the report detailed information is presented for the Lighting Scenario #2A, which was
developed to demonstrate a medium-high cost, medium-high accuracy metering project to validate lighting
savings in a large building.

Savings to include:

o electricity from lighting retrofit normalized for occupancy

e cooling savings due to lighting retrofit normalized for weather

e additional heating gas to make up for lighting retrofit normalized for weather

Analysis method:

e Daily electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily
lights and receptacle loads versus daily average NWS

e Hourly electric demand = 24 hour weather daytype profiles of lights and receptacle loads electricity using
ASHRAE 1093 Toolkit on presorted data.

o Daily cooling electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE
MCC electricity use versus daily average NWS

o Daily natural gas increase = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily
whole-building gas use versus daily average NWS

Metering:

e 15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter

e 15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps,
etc.).

e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).

o digital/analog DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

Simple to install.

Uses CTs, PTs and integrated wattmeters

Uses closest NWS

Analysis relatively simple, uses ASHRAE IMT and daytype profiles

Electricity savings of lighting and receptacles normalized for weather and weekday/weekend.
Separate electricity savings of cooling electricity use normalized for weather and weekday/weekend
Natural gas take-back normalized for weather and weekday/weekend.

Cons:
e  Weather dependent and weather independent savings combined into one model.
e  Uses slightly more expensive DAS with integrated wattmeter
e Not normalized for:
0 Changes in chiller efficiency or operation
0 Changes in boiler efficiency or operation

5.3.2.1. Lighting Scenario #2A: Cost Summary

Figure 62 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $27,215.
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Cost Summary
Project 1 Installation $11,982
2 Maintenance $870
3 Polling, QC and Data Entry $1,126
4 Equipment Removal $1,176
5 Data Recovery/Missing Data $290
6 One Time Baseline/Post Retrofit Analysis $766
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $1,092
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $4,908
Total Project Costs $27,215

Figure 62: Project.xIs Workbook: Lighting Scenario #2a Cost Summary
5.3.3.  Lighting Scenario #2B: Lighting retrofit - medium cost, medium accuracy

In this section of the report detailed information is presented for the Lighting Scenario #2B, which was
developed to demonstrate a medium cost, medium accuracy metering project to validate lighting savings in a
large building.

Savings to include:

o electricity from combined lighting retrofit, and cooling savings due to lighting retrofit normalized for
weather

e additional natural gas to make up for lighting retrofit normalized for weather

e electricity from lighting retrofit normalized for occupancy

Analysis method:

o Daily electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily
whole-building electricity versus daily average NWS

e Hourly electric demand = 24 hour weather daytype profiles of whole-building electricity using ASHRAE
1093 Toolkit on presorted data.

e Daily natural gas increase = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily
whole-building gas use versus daily average NWS

Metering:

¢ 15-minute whole building electric using pulse from main meter

e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).
o digital DAS

e hourly weather data from NWS

Pros:

Simple to install.

Uses digital pulse from existing meters

Uses inexpensive digital DAS

Uses closest NWS

Analysis relatively simple, uses ASHRAE IMT

Electricity savings normalized for weather and weekday/weekend.
Natural gas take-back normalized for weather and weekday/weekend.
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Cons:
e  Weather dependent and weather independent savings combined into one model.
e Not normalized for:

e Changes in chiller efficiency or operation

e Changes in boiler efficiency or operation

e Changes in occupancy patterns

e Lamp burn-outs, replacements

5.3.3.1. Lighting Scenario #2B: Cost Summary

Figure 63 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $22,971.

Cost Summary
Project 1 Installation $9,620
2 Maintenance $908
3 Polling, QC and Data Entry $1,061
4 Equipment Removal $776
5 Data Recovery/Missing Data $280
6 One Time Baseline/Post Retrofit Analysis $371
7 Ongoing Savings Analysis $799
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $976
13 Close-out, Data Transfer $194
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $4,142
Total Project Costs $22,971

Figure 63: Project.xls Workbook: Lighting Scenario #2B Cost Summary
5.3.4.  Lighting Scenario #3: Lighting retrofit — low cost, low accuracy

In this section of the report detailed information is presented for the Lighting Scenario #2B, which was
developed to demonstrate a low cost, low accuracy metering project to validate lighting savings in a large
building.

Savings to include:

o electricity from combined lighting retrofit, and cooling savings due to lighting retrofit normalized for
weather

o additional natural gas to make up for lighting retrofit normalized for weather

Analysis method:

e Monthly electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of monthly
whole-building electricity versus average NWS for the billing period

e Monthly electric demand =1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of monthly whole-
building electric demand versus max temperatures from NWS for the billing period
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Cross-check of lighting savings = combination of blink test of before/after loads to confirm calculations of
peak lighting load reductions and usage profiles from lighting loggers

Monthly natural gas increase = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of monthly
whole-building gas use versus average NWS for the billing period

Metering:

T e e e e o
-
o
7]

Monthly utility bills for electricity use and electric demand

Monthly utility bills for natural gas

5-minute whole building electric using portable meter

hourly weather data from NWS

1 month of lighting loggers to confirm lighting use profiles before and after lighting retrofits

Simple to install, requires one weekend before/after retrofit for blink tests.

Uses digital pulse from existing electricity meter

Uses inexpensive portable digital DAS

Uses closest NWS

Analysis relatively simple, uses ASHRAE IMT, 1093 toolkit and blink test data
Electricity savings normalized for monthly weather

Natural gas take-back normalized for monthly weather

Can detect changes in occupancy patterns using lighting loggers

Can detect changes in large numbers of lamp burn-outs, replacements using blink test.

Cons:

Weather dependent and weather independent savings combined into one monthly model.
Requires placing and retrieving lighting loggers.

Requires blink test to be run before/after lighting retrofit

Not normalized for:

e Changes in chiller efficiency or operation

e Changes in boiler efficiency or operation

5.3.4.1. Lighting Scenario #2B: Cost Summary

Figure 64 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $18,565.
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Cost Summary
Project 1 Installation $9,637
2 Maintenance $0
3 Polling, QC and Data Entry $270
4 Equipment Removal $609
5 Data Recovery/Missing Data $111
6 One Time Baseline/Post Retrofit Analysis $418
7 Ongoing Savings Analysis $0
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $199
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits _ $3,348
Total Project Costs $18,565

Figure 64: Project.xIs Workbook: Lighting Scenario #3 Cost Summary
5.4.  Chiller Scenarios.

Three chiller scenarios were developed to illustrate the use of the M&V Costing Toolkit. The metering
assumptions for these scenarios are shown in Figure 65, which include the functional type of data logger,
electrical metering, thermal metering and equipment for measuring weather data. In this table the hours for the
labor for installing the system are shown and the costs associated with the hours is shown in Figure 66.
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Figure 65: Metering .Matrix for Chiller Scenarios.
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LABOR HOURS
Metering Installation e}
Lakor in Hours S
(oioes not inclucde enginesring analysis) \%
|
T 5
2 g
i} =
1. Meter Building Electrical MDP Bus Bars - Log 15 min. data Electrical Contractor, 40 $75.00 $3.000.00
1a. Logger calculates Power Consumption wiringeProgramrming Technician: | 40 $50.00 $2.000.00
2. Submeler MGG at MDP - Log 15 min. data Technician to verify installation:| 40 $50.00 $2,000.00
Za. Logger calculates Power Consumption ManagerProject Engineer; 20 $100.00 $2.00000
3. Logger calculatesCHYW Energy consumption -15 min. data Plumbing Contractor:| 40 $75.00 $3,000.00
3a. Install low meters and temperature sensors PreMaAP 40 $116.00 $4,64D.00
4. Measure chiller's condenser water ternperature Equipment Remaoval; 20 $40.00 $80000
5. Hourly 'Weather data from NWS Total Cost $12,000.00
Chiller Scenario #2: Chiller Retrofit: med. Cost/ med. Accuracy
1. Meter Building Electrical MDP Bus Bars - Log 18 min. data Electrical Contractor, 20 $75.00 $1.50000
1a. Logger caltulates Power Consumption WirinafProgramming Technician: | 40 $50.00 $2.000.00
2. Logger calculatesCHW Energy consumption -15 min. data Technician o veriy installation: 40 $50.00 $2,000.00
2a. Install low meters and temperature sensors ManagerProject Engineer; 40 $100.00 $4.000.00
3. Measure chiller's condenser water ternperature Plumhbing Caontractor ;| 40 $75.00 $3.000.00
4. Hourly Weather data from NWS Eguipment Rermoval: 20 $40.00 $80000
Total Cost $12.500.00
Chiller Scenario #3: Chiller Retrofit: low Cost/ low Accura
1. Submeter Chiller at MO - Log 15 min. data Plumbing Contractar:| 20 | $75.00 $1.500.00
1a. Logoercalculates Power Consumption Electtical Cantractor: 20 $75.00 $1.500.00
2. Meter chiller temperature - Log 15. min. data Wiring/Programming Technician: | 40 $50.00 $2.00000
3. Temmporary CHW flow rretering before/afer retrofit Technician to verify installation: 40 $50.00 $2,000.00
4. Hourly Weather data fram NS ManagerProject Engineer | 20 | $100.00 | $2,000.00
Equipment Removal: 20 $40.00 $800.UU
Total Cost $9.000.00

Figure 66: Labor Costs for Chiller Scenarios.
5.4.1.  Chiller Scenario #1: Chiller retrofit — high cost, high accuracy

In this section of the report detailed information is presented for the Chiller Scenario #1, which was developed
to demonstrate a high cost, high accuracy metering project to validate lighting savings in a large building.

Savings to include:
o electricity from chiller retrofit normalized for weather, occupancy & operation
o chiller efficiency performance tracked

Analysis method:

e Cross-check of savings using daily whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent
model (ASHRAE IMT) of WD/WE daily lights and receptacle loads versus daily average NWS

e  Cross-check of chiller demand using hourly whole-building electric demand = 24 hour weather daytype
profiles of lights and receptacle loads electricity using ASHRAE 1093 Toolkit on presorted data.

e Cross-check using daily chiller electric demand = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE
IMT) of daily chiller electric demand versus daily average temperatures from NWS

e Hourly chiller cooling savings (demand and usage) = chiller performance model using ASHRAE 827 RP
models driven by post-retrofit cooling loads

Metering:

e 15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter

e 15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps,
etc.).

e 15-minute chiller Btu output using flow meter, temperature sensors and integrated Btu meter.
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o digital/analog DAS with integrated wattmeter
e hourly weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses ASHRAE IMT of chiller electricity and 827RP chiller performance models
e Whole-building electricity available to track changes in electricity use if needed.

e  Chiller temperature and load data useful for tracking changes in operation

Cons:

e  Uses slightly more expensive DAS with integrated wattmeter
e More expensive, requires thermal metering, Btu meters

e  More expensive analysis uses redundant models, cross-checks

5.4.1.1. Chiller Scenario #1: Cost Summary

Figure 67 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $39,219.

Cost Summary
Project 1 Installation $21,736
2 Maintenance $1,008
3 Polling, QC and Data Entry $1,061
4 Equipment Removal $1,176
5 Data Recovery/Missing Data $302
6 One Time Baseline/Post Retrofit Analysis $766
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $1,092
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $7,072
Total Project Costs $39,219

Figure 67: Project.xls Workbook: Chiller Scenario #1 Cost Summary
5.4.2.  Chiller Scenario #2: Chiller retrofit - medium cost, medium accuracy

In this section of the report detailed information is presented for the Chiller Scenario #2, which was developed
to demonstrate a medium cost, medium accuracy metering project to validate lighting savings in a large
building.

Savings to include:
o electricity from chiller retrofit normalized for weather, occupancy & operation
o chiller efficiency performance tracked

Analysis method:
e Hourly chiller cooling savings (demand and usage) = chiller performance model using ASHRAE 827 RP
models driven by post-retrofit cooling loads
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Metering:

15-minute submetering on chiller using CTs, PTs, and integrated wattmeter

15-minute chiller Btu output using flow meter, temperature sensors and integrated Btu meter.
digital/analog DAS with integrated wattmeter

hourly weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses ASHRAE 827RP chiller performance models

e  Chiller temperature and load data useful for tracking changes in operation

Cons:

e  Uses slightly more expensive DAS with integrated wattmeter
e More expensive, requires thermal metering, Btu meters

e  Cross-check not available if building cooling load changes

5.4.2.1. Chiller Scenario #2: Cost Summary

Figure 68 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $38,436.

Cost Summary
Project 1 Installation $20,895
2 Maintenance $1,008
3 Polling, QC and Data Entry $1,061
4 Equipment Removal $1,176
5 Data Recovery/Missing Data $292
6 One Time Baseline/Post Retrofit Analysis $766
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $1,301
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $6,931
Total Project Costs $38,436

Figure 68: Project.xls Workbook: Chiller Scenario #2 Cost Summary
5.4.3.  Chiller Scenario #3: Chiller retrofit — low cost, low accuracy

In this section of the report detailed information is presented for the Chiller Scenario #3, which was developed
to demonstrate a low cost, low accuracy metering project to validate lighting savings in a large building.

Savings to include:
o electricity from chiller retrofit normalized for weather, occupancy & operation
o chiller efficiency performance tracked with before/after snap-shots

Analysis method:
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e Hourly chiller cooling savings (demand and usage) = chiller performance model using ASHRAE 827 RP
models driven by post-retrofit electricity use
e Portable metering

Metering:
e 15-minute submetering on chiller using CTs, PTs, and integrated wattmeter

e 15-minute chiller temperature sensors

o portable flow meters used before/after retrofit to collect data for 1 month on chiller for developing model.
o digital/analog DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

e  Uses closest NWS
e Analysis uses ASHRAE 827RP chiller performance models
e  Chiller temperature useful for tracking changes in operation

Cons:

e  Uses slightly more expensive DAS with integrated wattmeter

o Relies on snap-shot chiller performance, and continuous chiller electricity measurement.
e Cross-check not available if building cooling load changes

5.4.3.1. Chiller Scenario #3: Cost Summary

Figure 69 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $32,404.

Cost Summary
Project 1 Installation $16,044
2 Maintenance $915
3 Polling, QC and Data Entry $1,061
4 Equipment Removal $1,176
5 Data Recovery/Missing Data $292
6 One Time Baseline/Post Retrofit Analysis $766
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $1,301
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $5,843
Total Project Costs $32,404

Figure 69: Project.xIs Workbook: Chiller Scenario #3 Cost Summary
5.5. EMCS Scenarios.

Three EMCS scenarios were developed to illustrate the use of the M&V Costing Toolkit. The metering
assumptions for these scenarios are shown in Figure 70, which include the functional type of data logger,
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electrical metering, thermal metering and equipment for measuring weather data. In this table the hours for the
labor for installing the system are shown and the costs associated with the hours is shown in Figure 71.
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Figure 70: Metering Matrix for EMCS Scenarios.
LABOR HOURS
Metering Installation =
Labor in Hours EY
(ohoes not include enginesring analysis) %
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1. Meter Building Electrical MDP Bus Bars - Log 15 min. data Plurnbing Contractor ;| 80 $75.00 $6.00000
1a. Logger calculates Power Consumption Electrical Contractar; 40 $75.00 $3.000.00
2. Submeter MCC at MDF - Log 15 min. data Wiring'Programring Technician: | 80 $50.00 $4.000.00
2a. Logoer calculates Power Consumption Technician to verify installation: 80 $50.00 $4.00000
3. Duplicate Gas Utility Meter Pulse - Log 15 min. data WanagerProject Engineer,| BD $100.00 $6,000.00
4. Logger calculatesCHYY Energy consumption -15 min. data PreMAR &0 $116.00 $9,280.00
4a. Install flow meters and temperature sensors Equipment Remaoval: 20 $40.00 $80000
5. Measure chiller's condenser water ternperature
Logger calculates Hy Energy consurmption -Log 15 min. data
6. 5a Install flow meters and temperature sensors
7. Meter HYAC temperature & environment - Log 15 min. data
8 Total Cost $23,000.00

Hourly Weather data fram NWS

1. Meter Building Electrical MDP Bus Bars - Log 15 min. data Electrical Contractor, 40 $75.00 $3.000.00
1a. Logger calculates Power Consumption wiringeProgramrming Technician: | 40 $50.00 $2.000.00

2. Submeter MCC at MDP - Log 15 min. data Technician o veriy installation: 80 $50.00 $4,000.00
2a. Logoer calculates Power Consumption ManagerProject Engineer; 20 $100.00 $2.00000

3. Duplicate Gas Uility Meter Pulse - Log 15 min. data PreMAR 40 $116.00 $4,64000

4. Tempotarily Meter HVAC temperature & environment - Before/After Retrofit Eguipment Remaval: 20 $40.00 $800.UU

5. Hourly Weather data from WS Total Cost $11,000.00

EMCS Scenario #3:EMCS Retrofit: low Cost/ low Accuracy

1. Meter Building Electrical MDP Bus Bars - Log 15 min. data Electrical Contractor; 40 $75.00 $3.00000
1a. Logoer calculates Power Consumption Wiring/Programming Technician: | 40 $50.00 $2.00000

2. Subreter MCC at MDP - Log 15 min. data Technician to verify installation: 80 $50.00 $4,000.00
23 Logger calculates Power Consumption WanagerProject Engineer,| 40 $100.00 $4,000.00

3. Duplicate Gas Uility Meter Pulse - Log 15 min. data PremAP 40 $116.00 $4,64D.nn

4. Temporarily Meter HVAC temperature & environment - Before/After Retrofit Egquipment Remaval: 10 $40.00 $40000

5. Hourly Weather data frorm NWS Total Cost $13,000.00

Figure 71: Labor Costs for EMCS Scenarios.
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55.1. EMCS Scenario #1: EMCS retrofit — high cost, high accuracy

In this section of the report detailed information is presented for the EMCS Scenario #1, which was developed
to demonstrate a high cost, high accuracy metering project to validate lighting savings in a large building.

Savings to include:

electricity savings from EMCS retrofit normalized for weather and occupancy
cooling savings due to EMCS retrofit normalized for weather and occupancy
heating savings due to EMCS retrofit normalized for weather and occupancy
HVAC efficiency performance tracked

chiller efficiency performance tracked

boiler efficiency performance tracked

Analysis method:

Electricity savings = calibrated air-side HVAC model (ASHRAE 865RP) using hourly NWS data

e Cooling savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Heating savings = calibrated air-side HVAC model (ASHRAE 865RP) using hourly NWS data

e Cross-check using daily whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus daily average NWS

e Cross-check of electric demand savings using whole-building electric model = 24 hour weather daytype
profiles of lights and receptacle loads electricity using ASHRAE 1093 Toolkit on presorted data.

e  Cross-check using daily whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus daily average NWS

e Hourly chiller performance model using ASHRAE 827 RP models

e Hourly boiler performance model

Metering:

e 15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter

e 15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps,
etc.).

e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).

e 15-minute chiller Btu output using flow meter, temperature sensors and integrated Btu meter.

e 15-minute boiler Btu output using flow meter, temperature sensors and integrated Btu meter.

e 15-minute temperature and environmental monitoring of HVAC systems

o digital/analog DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses calibrated air-side HVAC model with cross-check from ASHRAE IMT, 1093 daytype
profiles

e  Chiller models and boiler models used to track performance

Cons:

Requires significant temperature and humidity measurements of HVAC systems (usually uses EMCS data)
Can require continuous air flow measurements of HVAC systems

Uses slightly more expensive DAS with integrated wattmeter

More expensive, requires thermal metering, Btu meters.

5.5.1.1. EMCS Scenario #1: Cost Summary

Figure 72 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
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a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $77,044.

Cost Summary
Project 1 Installation $40,426
2 Maintenance $2,304
3 Polling, QC and Data Entry $1,413
4 Equipment Removal $1,176
5 Data Recovery/Missing Data $394
6 One Time Baseline/Post Retrofit Analysis $1,114
7 Ongoing Savings Analysis $2,008
8 Creating the Basic simulation Input File $3,132
9 Calibrating Simulation $3,200
10 Use the Calibrated Simulation to Caculate Baseline $1,160
11 Use the Calibrated Simulation to Caculate Ongoing $1,550
12 Reporting $1,301
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $13,893
Total Project Costs $77,044

Figure 72: Project.xls Workbook: EMCS #1 Cost Summary
5.5.2. EMCS Scenario #2: EMCS retrofit - medium cost, medium accuracy

In this section of the report detailed information is presented for the EMCS Scenario #2, which was developed
to demonstrate a medium cost, medium accuracy metering project to validate lighting savings in a large
building.

Savings to include:

electricity savings from EMCS retrofit normalized for weather and occupancy
e cooling savings due to EMCS retrofit normalized for weather and occupancy
e heating savings due to EMCS retrofit normalized for weather and occupancy
o HVAC efficiency performance calculated from snap-shot measurements

Analysis method:

e Electricity savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Cooling savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Heating savings = calibrated air-side HVAC model (ASHRAE 865RP) using hourly NWS data

e Cross-check using daily whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus daily average NWS

e Cross-check of electric demand savings using whole-building electric model = 24 hour weather daytype
profiles of lights and receptacle loads electricity using ASHRAE 1093 Toolkit on presorted data.

e  Cross-check using daily whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus daily average NWS

Metering:

¢ 15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter

e 15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps,
etc.).

e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).

o  before/after snap-shot temperature and environmental measurements of HVAC systems using portable
loggers

o digital DAS with integrated wattmeter
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o hourly weather data from NWS

Pros:
e uses closest NWS

e analysis uses air-side HVAC model calibrated with snap-shot data

e  cross-check from daily ASHRAE IMT, 1093 daytype profiles

e uses less expensive digital loggers

o uses less expensive portable loggers for snap-shot measurements of HVAC systems
Cons:

e Does not continuously track HVAC performance
e Does not continuously track chiller performance
e Does not continuously track boiler performance

5.5.2.1. EMCS Scenario #2: Cost Summary

Figure 73 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $51,571.

Cost Summary
Project 1 Installation $22,357
2 Maintenance $1,215
3 Polling, QC and Data Entry $1,061
4 Equipment Removal $1,176
5 Data Recovery/Missing Data $348
6 One Time Baseline/Post Retrofit Analysis $766
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $3,132
9 Calibrating Simulation $3,200
10 Use the Calibrated Simulation to Caculate Baseline $1,160
11 Use the Calibrated Simulation to Caculate Ongoing $1,550
12 Reporting $1,301
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $9,300
Total Project Costs $51,571

Figure 73: Project.xls Workbook: EMCS #2 Cost Summary
5.5.3. EMCS Scenario #3: EMCS retrofit — low cost, low accuracy

In this section of the report detailed information is presented for the EMCS Scenario #3, which was developed
to demonstrate a low cost, low accuracy metering project to validate lighting savings in a large building.

Savings to include:

e electricity savings from EMCS retrofit normalized for weather and occupancy
e cooling savings due to EMCS retrofit normalized for weather and occupancy
e heating savings due to EMCS retrofit normalized for weather and occupancy
o HVAC efficiency performance calculated from snap-shot measurements

Analysis method:
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e Electricity savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Cooling savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Heating savings = calibrated air-side HVAC model (ASHRAE 865RP) using hourly NWS data

e  Cross-check using monthly whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus billing period average NWS

e Cross-check using monthly whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus billing period average NWS

e  Cross-check using monthly whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus billing period average NWS

e  Cross-check using monthly whole-building electric demand model = 1, 2, 3, 4 or 5P weather dependent
model (ASHRAE IMT) of WD/WE whole-building loads versus billing period peak NWS

Metering:

e 15-minute whole-building electric using portable logger with CTs and PTs on the main feeds, and
integrated watt meter

e 15-minute submetering on MCC using portable logger with CTs, PTs, and integrated wattmeter (including
chillers, pumps, etc.).

e 15-minute whole building nat gas using portable logger with existing pulse from gas meter (let's assume
this exists).

e before/after snap-shot temperature and environmental measurements of HVAC systems using portable
loggers

o digital DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

e uses closest NWS

o analysis uses air-side HYAC model calibrated with snap-shot data

e  cross-check from ASHRAE IMT using monthly data

o uses less expensive portable loggers for snap-shot measurements of HVAC systems

Cons:

e Does not continuously track HVAC performance

e Does not continuously track chiller performance

e Does not continuously track boiler performance

e Monthly cross-check less accurate than daily cross-check

5.5.3.1. EMCS Scenario #3: Cost Summary

Figure 74 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $45,731.

December 2003 Energy Systems Laboratory, Texas A&M University



U.S. Army M&V Toolkit, p. 57

Cost Summary
Project 1 Installation $19,310
2 Maintenance $341
3 Polling, QC and Data Entry $1,061
4 Equipment Removal $312
5 Data Recovery/Missing Data $346
6 One Time Baseline/Post Retrofit Analysis $766
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $3,132
9 Calibrating Simulation $3,200
10 Use the Calibrated Simulation to Caculate Baseline $1,160
11 Use the Calibrated Simulation to Caculate Ongoing $1,550
12 Reporting $1,301
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits _ $8,246
Total Project Costs $45,731

Figure 74: Project.xls Workbook: EMCS #3 Cost Summary
5.6.  Boiler Scenarios.

Three boiler scenarios were developed to illustrate the use of the M&V Costing Toolkit. The metering
assumptions for these scenarios are shown in Figure 75, which include the functional type of data logger,
electrical metering, thermal metering and equipment for measuring weather data. In this table the hours for the
labor for installing the system are shown and the costs associated with the hours is shown in Figure 76.

PATALOGGERS ELECTRICAL METERS THERMAL NETERS WEATHER

———
e gy

= | MUMBER OF CHAMNELS

Figure 75: Metering Matrix for Boiler Scenarios.
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LABOR HOURS
Metering Installstion )
Labor in Hours %
(does not include engineering analysis) £
(=]
= S
= -
z 3
2 H
z oy
:
s k)
" =
= =
1. Logger calculates HW Energy consumption -Log 15 min. data Plumhbing Caontractor: 40 $75.00 $3.000.00
1a. Install low meters and temperature sensors ManagerProject Engineer: 20 $100.00 $2.000.00
2. Duplicate Gas \ility Meter Pulse - Log 15 min. data wiring/Programeming Technician: 40 $50.00 $2,000.00
3. Hourly Weather data from NWS Technician to verify Installation:| 40 $50.00 $2,000.00
PreMaP 40 | $116.00 $4.,640.00
Eguiprment Remaval: 10 $40.00 $400.00
Total Cost $9.000.00
1. Duplicate Gas Uility Meter Pulse - Log 15 min. data ManagerFroject Engineer: 20 $100.00 $2.000.00
2. Snapshaot of W Energy consumption beforefafter retrofit WiringfProgramming Technician: | 20 $50.00 $1.00000
2a. Temporary flow meters and temperature sensors Technician to werify installation:. 40 $50.00 $2.00000
3. Hourly Weather data from NWS PreMAR 40 | $116.00 $4,640.00
Equipment Remaoval; 10 $40.00 $400.00
Total Cost $5,000.00
Boiler Scenario #3: Boiler Retrofit: low Cost/ low Accuracy
1. Duplicate Gas WUtility Meter Pulse - Log 15 min. data WanagerProject Engineer,| 20 $100.00 $2,000.00
2. Snapshot of HW Energy consumption beforefafter retrofit Wiring'Programring Technician: | 40 $50.00 $2.000.00
2a. Temporary flow meters and temperature sensors Technician to verify installation:| 40 $50.00 $2,000.00
3. Hourly\Weather data from RNWS PreMAR 20 $116.00 $2,32000
Eguiprment Remaval: 10 $40.00 $400.00
Total Cost $6,000.00

Figure 76: Labor Costs for Boiler Scenarios.
5.6.1. Boiler Scenario #1: Boiler retrofit — high cost, high accuracy

In this section of the report detailed information is presented for the Boiler Scenario #1, which was developed
to demonstrate a high cost, high accuracy metering project to validate lighting savings in a large building.

Savings to include:
e Natural gas from boiler retrofit normalized for weather
o Boiler efficiency performance tracked

Analysis method:

e Cross-check of savings using daily whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent
model (ASHRAE IMT) of WD/WE loads versus daily average NWS

e Hourly boiler heating savings = boiler performance model driven by post-retrofit heating loads

Metering:

15-minute boiler Btu output using flow meter, temperature sensors and integrated Btu meter.
15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).
digital/analog DAS with integrated wattmeter

hourly weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses boiler performance models with cross-check from whole-building model.
o Boiler temperature and load data useful for tracking changes in operation

Cons:
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e  Uses slightly more expensive analog/digital DAS
e More expensive, requires thermal metering, Btu meters
e More expensive analysis uses redundant models, cross-checks

5.6.1.1. Boiler Scenario #1: Cost Summary

Figure 77 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $34,596.

Cost Summary
Project 1 Installation $17,726
2 Maintenance $1,438
3 Polling, QC and Data Entry $1,061
4 Equipment Removal $776
5 Data Recovery/Missing Data $284
6 One Time Baseline/Post Retrofit Analysis $766
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $1,301
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $6,239
Total Project Costs $34,596

Figure 77: Project.xls Workbook: Boiler #1 Cost Summary
5.6.2. Boiler Scenario #2: Boiler retrofit - medium cost, medium accuracy

In this section of the report detailed information is presented for the Boiler Scenario #2, which was developed
to demonstrate a medium cost, medium accuracy metering project to validate lighting savings in a large
building.

Savings to include:
e Natural gas from boiler retrofit normalized for weather
e Boiler efficiency performance measured with before/after snap shot measurements

Analysis method:

e Cross-check of savings using daily whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent
model (ASHRAE IMT) of WD/WE loads versus daily average NWS

e Hourly boiler heating savings = boiler performance model driven by post-retrofit heating loads

Metering:

e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).

e  Snap-shot before/after boiler efficiency measurements using flow and temperature with portable loggers
e Digital DAS

e hourly weather data from NWS
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Pros:
e  Uses closest NWS
e Analysis uses snap-shot boiler performance models with cross-check from whole-building model.

Cons:
e Uses slightly less expensive digital DAS and portable snap-shot boiler efficiency measurements
e Does not track boiler performance

5.6.2.1. Boiler Scenario #2: Cost Summary

Figure 78 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $25,989.

Cost Summary
Project 1 Installation $12,030
2 Maintenance $796
3 Polling, QC and Data Entry $1,072
4 Equipment Removal $776
5 Data Recovery/Missing Data $113
6 One Time Baseline/Post Retrofit Analysis $418
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $1,092
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $4,686
Total Project Costs $25,989

Figure 78: Project.xls Workbook: Boiler #2 Cost Summary
5.6.3. Boiler Scenario #3: Boiler retrofit — low cost, low accuracy

In this section of the report detailed information is presented for the Boiler Scenario #3, which was developed
to demonstrate a high cost, high accuracy metering project to validate lighting savings in a large building.

Savings to include:
o Natural gas from boiler retrofit normalized for weather
o Boiler efficiency performance measured with before/after snap shot measurements

Analysis method:

o monthly whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of
WD/WE loads versus billing period average NWS

e boiler performance = before/after snap-shot measurements used to determine if boiler is capable of
operating efficiently

Metering:
e monthly gas use from utility bill
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e  Snap-shot before/after boiler efficiency measurements using flow and temperature with portable loggers
e Daily weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses monthly whole-building natural gas model with cross-check from snap-shot boiler
performance models

Cons:
e  Uses less portable DAS and portable snap-shot boiler efficiency measurements
e Does not track boiler performance

5.6.3.1. Boiler Scenario #3 Cost Summary

Figure 79 shows the ten costs categories associated with using long term M&V with data loggers, including a
one-time cost for equipment installation, an annual maintenance cost, annual polling, QC and data entry costs,
a one-time equipment removal cost, a data recovery cost, a one-time baseline model cost, a ongoing savings
analysis cost, a reporting cost, a project close-out cost, and a cost associated with gathering the hourly weather
data, which totals $18,457.

Cost Summary
Project 1 Installation $7,712
2 Maintenance $22
3 Polling, QC and Data Entry $245
4 Equipment Removal $312
5 Data Recovery/Missing Data $113
6 One Time Baseline/Post Retrofit Analysis $418
7 Ongoing Savings Analysis $1,033
8 Creating the Basic simulation Input File $0
9 Calibrating Simulation $0
10 Use the Calibrated Simulation to Caculate Baseline $0
11 Use the Calibrated Simulation to Caculate Ongoing $0
12 Reporting $1,301
13 Close-out, Data Transfer $130
Weather 1 Hourly Weather Data $3,843
Overheads & Profits 22% $3,328
Total Project Costs $18,457

Figure 79: Project.xIs Workbook: Boiler #3 Cost Summary
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6. SUMMARY

This report has presented a general overview of the M&V costing process, various methods for monitoring and
verifying savings, and a description of the M&V Costing Toolkit. In addition, examples of the use of the M&V
Costing Toolkit have also been presented.

This report has presented two types of M&V methods that have been consolidated from the original four M&V
methods presented in the 2001 report have, which included: a) a monthly utility billing analysis, b) long-term
M&YV, c) short-term M&V, and d) a calibrated simulation method. The methods presented in this report
include: a) monthly utility billing method, and b) short or long term monitoring with data loggers or EMCS.

This M&V Costing Toolkit includes three general MS Excel workbooks, including:
0 Project.xls
o Utility.xls
o Fort Hood M&V Equipment Costs.xls

Each toolkit consists of one self-contained MS Excel workbook, where each workbook represents a different
M&V method. Each workbook includes a cost summary and detailed costing information. Labor costs and
weather information spreadsheet are included in all workbooks.
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METERING SCENARIOS FOR CERL M&V COSTING TOOLKIT
REVISED 7/14/2003
SUMMARY OF SCENARIOS

Lighting Scenario #1: Lighting retrofit — high cost, high accuracy

Lighting Scenario #2A: Lighting retrofit — medium-high cost, medium-high accuracy

Lighting Scenario #2B: Lighting retrofit - medium cost, medium accuracy

Lighting Scenario #3: Lighting retrofit — low cost, low accuracy

Chiller Scenario #1: Chiller retrofit — high cost, high accuracy

Chiller Scenario #2: Chiller retrofit - medium cost, medium accuracy

Chiller Scenario #3: Chiller retrofit — low cost, low accuracy

EMCS Scenario #1: EMCS retrofit — high cost, high accuracy

EMCS Scenario #2: EMCS retrofit - medium cost, medium accuracy

EMCS Scenario #3: EMCS retrofit — low cost, low accuracy

Boiler Scenario #1: Boiler retrofit — high cost, high accuracy

Boiler Scenario #2: Boiler retrofit - medium cost, medium accuracy

Boiler Scenario #3: Boiler retrofit — low cost, low accuracy
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DETAILED SCENARIOS:

Lighting Scenario #1: Lighting retrofit — high cost, high accuracy

Savings to include:

e electricity savings from lighting retrofit normalized for occupancy

cooling savings due to lighting retrofit normalized for weather

additional heating gas use to make up for lighting retrofit normalized for weather
chiller efficiency performance tracked

boiler efficiency performance tracked

Analysis method:

o Daily electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily lights and
receptacle loads versus daily average NWS

e Hourly electric demand = 24 hour weather daytype profiles of lights and receptacle loads electricity using
ASHRAE 1093 Toolkit on presorted data.

e Daily cooling savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE MCC electricity
use versus daily average NWS

e Daily heating increase = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily whole-
building gas use versus daily average NWS

e Hourly chiller performance model using ASHRAE 827 RP models

e Hourly boiler performance model

Metering:

15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter
15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps, etc.).
15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).

15-minute chiller Btu output using flow meter, temperature sensors and integrated Btu meter.

15-minute boiler Btu output using flow meter, temperature sensors and integrated Btu meter.

digital/analog DAS with integrated wattmeter

hourly weather data from NWS

Pros:
e Uses closest NWS

e Analysis uses ASHRAE IMT, chiller models, boiler models, 1093 daytype profiles

o Electricity savings of lighting and receptacles normalized for weather and weekday/weekend.

e  Separate electricity savings of cooling electricity use normalized for weather and weekday/weekend
e Natural gas take-back normalized for weather and weekday/weekend.

Cons:

e  Weather dependent and weather independent savings combined into one model.
e  Uses slightly more expensive DAS with integrated wattmeter
e  More expensive, requires thermal metering, Btu meters.
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Lighting Scenario #2A: Lighting retrofit — medium-high cost, medium-high accuracy

Savings to include:

e electricity from lighting retrofit normalized for occupancy

e cooling savings due to lighting retrofit normalized for weather

e additional heating gas to make up for lighting retrofit normalized for weather

Analysis method:

e Daily electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily lights and
receptacle loads versus daily average NWS

e Hourly electric demand = 24 hour weather daytype profiles of lights and receptacle loads electricity using
ASHRAE 1093 Toolkit on presorted data.

o Daily cooling electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE MCC
electricity use versus daily average NWS

e Daily natural gas increase = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily whole-
building gas use versus daily average NWS

Metering:

15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter
15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps, etc.).
15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).
digital/analog DAS with integrated wattmeter

hourly weather data from NWS

Pros:

e Simple to install.

e Uses CTs, PTs and integrated wattmeters
Uses closest NWS

e  Analysis relatively simple, uses ASHRAE IMT and daytype profiles

e Electricity savings of lighting and receptacles normalized for weather and weekday/weekend.

e  Separate electricity savings of cooling electricity use normalized for weather and weekday/weekend
e Natural gas take-back normalized for weather and weekday/weekend.

Cons:

e Weather dependent and weather independent savings combined into one model.
e Uses slightly more expensive DAS with integrated wattmeter
e Not normalized for:

0 Changes in chiller efficiency or operation

0 Changes in boiler efficiency or operation
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Lighting Scenario #2B: Lighting retrofit - medium cost, medium accuracy

Savings to include:

o electricity from combined lighting retrofit, and cooling savings due to lighting retrofit normalized for weather
e additional natural gas to make up for lighting retrofit normalized for weather

e electricity from lighting retrofit normalized for occupancy

Analysis method:

o Daily electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily whole-
building electricity versus daily average NWS

e Hourly electric demand = 24 hour weather daytype profiles of whole-building electricity using ASHRAE 1093
Toolkit on presorted data.

o Daily natural gas increase = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of WD/WE daily whole-
building gas use versus daily average NWS

Metering:

e 15-minute whole building electric using pulse from main meter

e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).
o digital DAS

e hourly weather data from NWS

Pros:

e Simple to install.

Uses digital pulse from existing meters

Uses inexpensive digital DAS

Uses closest NWS

Analysis relatively simple, uses ASHRAE IMT

Electricity savings normalized for weather and weekday/weekend.
Natural gas take-back normalized for weather and weekday/weekend.

Cons:
e  Weather dependent and weather independent savings combined into one model.
e Not normalized for:

e Changes in chiller efficiency or operation

e Changes in boiler efficiency or operation

e Changes in occupancy patterns

e Lamp burn-outs, replacements
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Lighting Scenario #3: Lighting retrofit — low cost, low accuracy

Savings to include:

electricity from combined lighting retrofit, and cooling savings due to lighting retrofit normalized for weather
additional natural gas to make up for lighting retrofit normalized for weather

Analysis method:

Monthly electricity savings = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of monthly whole-
building electricity versus average NWS for the billing period

Monthly electric demand = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of monthly whole-building
electric demand versus max temperatures from NWS for the billing period

Cross-check of lighting savings = combination of blink test of before/after loads to confirm calculations of peak
lighting load reductions and usage profiles from lighting loggers

Monthly natural gas increase = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of monthly whole-
building gas use versus average NWS for the billing period

Metering:

o
=
(@]
(2]

Monthly utility bills for electricity use and electric demand

Monthly utility bills for natural gas

5-minute whole building electric using portable meter

hourly weather data from NWS

1 month of lighting loggers to confirm lighting use profiles before and after lighting retrofits

Simple to install, requires one weekend before/after retrofit for blink tests.

Uses digital pulse from existing electricity meter

Uses inexpensive portable digital DAS

Uses closest NWS

Analysis relatively simple, uses ASHRAE IMT, 1093 toolkit and blink test data
Electricity savings normalized for monthly weather

Natural gas take-back normalized for monthly weather

Can detect changes in occupancy patterns using lighting loggers

Can detect changes in large numbers of lamp burn-outs, replacements using blink test.

Cons:

Weather dependent and weather independent savings combined into one monthly model.
Requires placing and retrieving lighting loggers.

Requires blink test to be run before/after lighting retrofit

Not normalized for:

e Changes in chiller efficiency or operation

e Changes in boiler efficiency or operation
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Chiller Scenario #1: Chiller retrofit — high cost, high accuracy

Savings to include:

electricity from chiller retrofit normalized for weather, occupancy & operation
chiller efficiency performance tracked

Analysis method:

Cross-check of savings using daily whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE daily lights and receptacle loads versus daily average NWS

Cross-check of chiller demand using hourly whole-building electric demand = 24 hour weather daytype profiles of
lights and receptacle loads electricity using ASHRAE 1093 Toolkit on presorted data.

Cross-check using daily chiller electric demand =1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of
daily chiller electric demand versus daily average temperatures from NWS

Hourly chiller cooling savings (demand and usage) = chiller performance model using ASHRAE 827 RP models
driven by post-retrofit cooling loads

Metering:

15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter

e 15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps, etc.).
e 15-minute chiller Btu output using flow meter, temperature sensors and integrated Btu meter.

o digital/analog DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses ASHRAE IMT of chiller electricity and 827RP chiller performance models

e Whole-building electricity available to track changes in electricity use if needed.

e  Chiller temperature and load data useful for tracking changes in operation

Cons:

Uses slightly more expensive DAS with integrated wattmeter
More expensive, requires thermal metering, Btu meters
More expensive analysis uses redundant models, cross-checks



CERL M&YV Toolkit, 8/25/2005, p. 7

Chiller Scenario #2: Chiller retrofit - medium cost, medium accuracy

Savings to include:
e electricity from chiller retrofit normalized for weather, occupancy & operation
o chiller efficiency performance tracked

Analysis method:
e Hourly chiller cooling savings (demand and usage) = chiller performance model using ASHRAE 827 RP models
driven by post-retrofit cooling loads

Metering:

15-minute submetering on chiller using CTs, PTs, and integrated wattmeter

15-minute chiller Btu output using flow meter, temperature sensors and integrated Btu meter.
digital/analog DAS with integrated wattmeter

hourly weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses ASHRAE 827RP chiller performance models

e  Chiller temperature and load data useful for tracking changes in operation

Cons:

e  Uses slightly more expensive DAS with integrated wattmeter
e More expensive, requires thermal metering, Btu meters

e Cross-check not available if building cooling load changes
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Chiller Scenario #3: Chiller retrofit — low cost, low accuracy

Savings to include:
e electricity from chiller retrofit normalized for weather, occupancy & operation
o chiller efficiency performance tracked with before/after snap-shots

Analysis method:

e Hourly chiller cooling savings (demand and usage) = chiller performance model using ASHRAE 827 RP models
driven by post-retrofit electricity use

e Portable metering

Metering:

e 15-minute submetering on chiller using CTs, PTs, and integrated wattmeter

e 15-minute chiller temperature sensors

o portable flow meters used before/after retrofit to collect data for 1 month on chiller for developing model.
o digital/analog DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses ASHRAE 827RP chiller performance models
e  Chiller temperature useful for tracking changes in operation

Cons:

e  Uses slightly more expensive DAS with integrated wattmeter

e Relies on snap-shot chiller performance, and continuous chiller electricity measurement.
e  Cross-check not available if building cooling load changes
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EMCS Scenario #1: EMCS retrofit — high cost, high accuracy

Savings to include:

e electricity savings from EMCS retrofit normalized for weather and occupancy
e cooling savings due to EMCS retrofit normalized for weather and occupancy
e heating savings due to EMCS retrofit normalized for weather and occupancy
e HVAC efficiency performance tracked

o chiller efficiency performance tracked

o Doiler efficiency performance tracked

Analysis method:

e Electricity savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Cooling savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Heating savings = calibrated air-side HVAC model (ASHRAE 865RP) using hourly NWS data

e Cross-check using daily whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE
IMT) of WD/WE whole-building loads versus daily average NWS

e Cross-check of electric demand savings using whole-building electric model = 24 hour weather daytype profiles of
lights and receptacle loads electricity using ASHRAE 1093 Toolkit on presorted data.

e Cross-check using daily whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE
IMT) of WD/WE whole-building loads versus daily average NWS

e Hourly chiller performance model using ASHRAE 827 RP models

e Hourly boiler performance model

Metering:

e 15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter

e 15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps, etc.).
e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).

e 15-minute chiller Btu output using flow meter, temperature sensors and integrated Btu meter.

e 15-minute boiler Btu output using flow meter, temperature sensors and integrated Btu meter.

e 15-minute temperature and environmental monitoring of HVAC systems

o digital/analog DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

e  Uses closest NWS

e  Analysis uses calibrated air-side HVAC model with cross-check from ASHRAE IMT, 1093 daytype profiles
e  Chiller models and boiler models used to track performance

Cons:

e Requires significant temperature and humidity measurements of HVAC systems (usually uses EMCS data)
Can require continuous air flow measurements of HVAC systems

Uses slightly more expensive DAS with integrated wattmeter

More expensive, requires thermal metering, Btu meters.
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EMCS Scenario #2: EMCS retrofit - medium cost, medium accuracy

Savings to include:

electricity savings from EMCS retrofit normalized for weather and occupancy
cooling savings due to EMCS retrofit normalized for weather and occupancy
heating savings due to EMCS retrofit normalized for weather and occupancy
HVAC efficiency performance calculated from snap-shot measurements

Analysis method:

Electricity savings = calibrated air-side HVAC model (ASHRAE 865RP) using hourly NWS data

Cooling savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

Heating savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

Cross-check using daily whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE
IMT) of WD/WE whole-building loads versus daily average NWS

Cross-check of electric demand savings using whole-building electric model = 24 hour weather daytype profiles of
lights and receptacle loads electricity using ASHRAE 1093 Toolkit on presorted data.

Cross-check using daily whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE
IMT) of WD/WE whole-building loads versus daily average NWS

Metering:

15-minute whole-building electric using CTs and PTs on the main feeds, and integrated watt meter

15-minute submetering on MCC using CTs, PTs, and integrated wattmeter (including chillers, pumps, etc.).
15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).

before/after snap-shot temperature and environmental measurements of HVAC systems using portable loggers
digital DAS with integrated wattmeter

hourly weather data from NWS

Pros:

uses closest NWS

analysis uses air-side HVAC model calibrated with snap-shot data

cross-check from daily ASHRAE IMT, 1093 daytype profiles

uses less expensive digital loggers

uses less expensive portable loggers for snap-shot measurements of HVAC systems

Cons:

Does not continuously track HVAC performance
Does not continuously track chiller performance
Does not continuously track boiler performance
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EMCS Scenario #3: EMCS retrofit — low cost, low accuracy

Savings to include:

electricity savings from EMCS retrofit normalized for weather and occupancy
cooling savings due to EMCS retrofit normalized for weather and occupancy
heating savings due to EMCS retrofit normalized for weather and occupancy
HVAC efficiency performance calculated from snap-shot measurements

Analysis method:

e  Electricity savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Cooling savings = calibrated air-side HYAC model (ASHRAE 865RP) using hourly NWS data

e Heating savings = calibrated air-side HVAC model (ASHRAE 865RP) using hourly NWS data

e Cross-check using monthly whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus billing period average NWS

e Cross-check using monthly whole-building electricity model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus billing period average NWS

e  Cross-check using monthly whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus billing period average NWS

e Cross-check using monthly whole-building electric demand model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE whole-building loads versus billing period peak NWS

Metering:
e 15-minute whole-building electric using portable logger with CTs and PTs on the main feeds, and integrated watt
meter

e 15-minute submetering on MCC using using portable logger with CTs, PTs, and integrated wattmeter (including
chillers, pumps, etc.).

e 15-minute whole building nat gas using using portable logger with existing pulse from gas meter (let's assume this
exists).

e before/after snap-shot temperature and environmental measurements of HVAC systems using portable loggers

o digital DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

e uses closest NWS

e analysis uses air-side HYAC model calibrated with snap-shot data

e cross-check from ASHRAE IMT using monthly data

e uses less expensive expensive portable loggers for snap-shot measurements of HVAC systems

Cons:

e Does not continuously track HVAC performance

e Does not continuously track chiller performance

e Does not continuously track boiler performance

e  Monthly cross-check less accurate than daily cross-check
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Boiler Scenario #1: Boiler retrofit — high cost, high accuracy

Savings to include:
o Natural gas from boiler retrofit normalized for weather
o Boiler efficiency performance tracked

Analysis method:

e Cross-check of savings using daily whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE loads versus daily average NWS

e Hourly boiler heating savings = boiler performance model driven by post-retrofit heating loads

Metering:

e 15-minute boiler Btu output using flow meter, temperature sensors and integrated Btu meter.

e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).
o digital/analog DAS with integrated wattmeter

e hourly weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses boiler performance models with cross-check from whole-building model.
o Boiler temperature and load data useful for tracking changes in operation

Cons:

e  Uses slightly more expensive analog/digital DAS

e More expensive, requires thermal metering, Btu meters

e More expensive analysis uses redundant models, cross-checks
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Boiler Scenario #2: Boiler retrofit - medium cost, medium accuracy

Savings to include:
o Natural gas from boiler retrofit normalized for weather
o Boiler efficiency performance measured with before/after snap shot measurements

Analysis method:

e Cross-check of savings using daily whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model
(ASHRAE IMT) of WD/WE loads versus daily average NWS

e Hourly boiler heating savings = boiler performance model driven by post-retrofit heating loads

Metering:

e 15-minute whole building nat gas using existing pulse from gas meter (let's assume this exists).

e  Snap-shot before/after boiler efficiency measurements using flow and temperature with portable loggers
e Digital DAS

e hourly weather data from NWS

Pros:
e  Uses closest NWS
e Analysis uses snap-shot boiler performance models with cross-check from whole-building model.

Cons:
e Uses slightly less expensive digital DAS and portable snap-shot boiler efficiency measurements
e Does not track boiler performance
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Boiler Scenario #3: Boiler retrofit — low cost, low accuracy

Savings to include:
o Natural gas from boiler retrofit normalized for weather
o Boiler efficiency performance measured with before/after snap shot measurements

Analysis method:

e monthly whole-building natural gas model = 1, 2, 3, 4 or 5P weather dependent model (ASHRAE IMT) of
WD/WE loads versus billing period average NWS

e Dboiler performance = before/after snap-shot measurements used to determine if boiler is capable of operating
efficiently

Metering:

e monthly gas use from utility bill

e Snap-shot before/after boiler efficiency measurements using flow and temperature with portable loggers
e Daily weather data from NWS

Pros:

e  Uses closest NWS

e Analysis uses monthly whole-building natural gas model with cross-check from snap-shot boiler performance
models

Cons:
e  Uses less portable DAS and portable snap-shot boiler efficiency measurements
e Does not track boiler performance
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