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Getting started with CBES App

This tutorial provides a step-by-step guide to quickly get familiar with the CBES App.
Please refer to the User Manual for more detailed information.

What is CBES

The Commercial Building Energy Saver (CBES) Toolkit is an energy retrofit analysis toolkit, developed by
Lawrence Berkeley National Laboratory (LBNL). The CBES Toolkit evaluates the energy use of a building,
identifies and evaluates retrofit measures. The toolkit provides a rich set of features for energy
benchmarking and retrofit analysis: (1) Energy Benchmarking provides an EnergyStar score for the
building and how it compares with its peer buildings; (2) Level 1: No- or Low Cost Improvement Analysis
identifies potential building operation improvements using statistical analysis of the building’s 15-minute
interval electricity use data; (3) Level 2: Preliminary Retrofit Analysis searches a pre-simulated database
for retrofit measures based on investment criteria; and (4) Level 3: Detailed Retrofit Analysis performs
EnergyPlus simulation to evaluate energy savings of user configurable energy conversation measures
considering actual building characteristics and operation schedules.

The CBES retrofit software will analyze the energy performance of user’s building for pre- and post-retrofit,
in conjunction with user’s input data, to identify recommended retrofit measures, energy savings and
economic analysis for the selected measures. The software provides the energy benchmarking and three
levels of retrofit analysis depending on the degree of the input data provided.

o  Energy benchmarking:
Use of external energy benchmarking software APIs including EnergylQ and ENERGY
STAR Portfolio Manager.

e Level 1: No- or low-cost improvement analysis
Base load shape analysis based on the statistical models.

o Level 2: Preliminary retrofit analysis
Retrofit analysis from a database that compiles the pre-simulated energy performance
using prototype buildings with retrofit measures, and associated cost data for measures.

e Level 3: Detailed retrofit analysis
Retrofit analysis from a real time simulation that calculates the energy performance of the
building with user configurable retrofit measure(s).
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Introduction

Overview

Commercial Building Energy Saver (CBES), intended use for small and medium office and retail buildings in California, provides energy benchmarking and three levels of retrofit analysis
considering the project goal, data availability, and user experience. CBES offers prototype building models for seven building types, six vintages, in 16 California climate zones and roughly 100
energy conservation measures (ECMs) for lighting, envelope, equipment, HVAC, and service hot water retrofit upgrades. CBES Preliminary Retrofit Analysis utilizes the DEEP database, a data bank
for screening and evaluating retrofit measures for commercial buildings generated from 10 million building energy simulations conducted using EnergyPlus and the U.S. National Energy Research
Scientific Computing (NERSC) supercomputer. CBES Detalled Retrofit Analysis employs advanced automated calibration algorithms to attune inputs prior to simulating energy savings of ECMs. For
the detalled retrofit analysis, on-demand energy simulations using OpenStudio and EnergyPlus calculates the energy performance of the building with user configurable ECMs. CBES Is flexible
enough that the user can jump to any level of evaluation, after the common inputs are provided. For those who wish to extend beyond California, a national version can be found at the 2030 whole
building retrofit toolkit portal. CBES targets broad audience including building owners, facility managers, energy managers, building operators, energy auditors, designers, engineers and
consultants.

Benchmarking

Benchmark the building using ENERGY STAR Portfolio Manager API and EnergyIQ API

Required inputs: Basic information and Energy Data in Common Inputs tab, and ENERGY STAR Inputs in Benchmark tab

Target audience: For all types of users

No - or Low-Cost Improvement
Level 1 identifies no- or low-cost operational improvements from load shape analysis using electricity and gas data
Required inputs: Basic information and Energy Data in Common Inputs tab, and Weather and Operation information in No- or Low- Cost Improvement tab.

Target audience: For all types of users

Figure 1 Front page of CBES App

Tutorial Example for running CBES toolKits

Overview

In this tutorial, a building owner has a 1 story small office building located in San Francisco, California
(zip code: 94127). The building was built in 1977 and has a floor area of 10,000 ft2. The building owner
would like to benchmark the building’s energy consumption with peer buildings in California and nation-
wide, and explore potential energy retrofit to reduce energy use and cost.

For this goal, five steps, marked with B.1, L1.1, L2.1, L3.1, and L3.2, are conducted in sequence. The
owners firstly benchmark the building’s existing energy performance with EnergySTAR and Energy 1Q to
capture the building’s rank (Case B.1). Then he tries to figure out whether there are some no- or low-cost
improvement opportunities by analyzing building’s 15-minute interval electricity use data (Case L1.1). A
preliminary retrofit analysis (L2.1) is undertaken to suggest the effective retrofit measures. Afterwards,
detailed retrofit analysis (L3.1) provide concrete retrofit performance of these measures and measure
packages in terms of energy saving, energy cost and investment and yield. Last, concerning a local
economic incentive for T8 lighting upgrade, L3.2 is conducted to help the building owner make the
decision.

Case B.1 Benchmarking

* Input the information
Suppose that the building owner has the monthly utility usage, reading as

. He would like to do building energy benchmarking before he does the retrofit analysis. In this case, the
building energy benchmarking feature will be tested. All available input information, besides the bill, is
shown in Error! Reference source not found..



Table 1 Monthly electricity and natural gas usage
Month Electricity [kWh /kBTU] Gas [Therm/kBTU]

January 11805 / 40290 157 /15728
February 10572 / 36083 98 / 9847
March 12203 / 41648 83 /8318
April 10971 / 37443 71/7100
May 11734 / 40046 38 /3845
June 11753 / 40111 30/3011
July 11683 / 39876 22 /2203
August 12564 / 42882 24 | 2428
September 11965 / 40837 24/ 2418
October 11793 / 40247 45 | 4507
November 11345/ 38718 93 /9301

December 11597 / 39579 145 / 14524

Total 139985 / 477760 830 / 83230

Table 2 Information for benchmarking

Items Information
Building type 1-story office
Zip code 94127
Vintage 1977
Gross floor area 10,000 ft?

Using URL in a web browser to launch the CBES toolkit, a portal page to the tool should display as Error!
Reference source not found.. Select the Tab “Common Inputs” and click the “New Analysis” as Error!
Reference source not found. indicated. A new case will be generated with a session number showing at
the upper right side of the page (Figure 3).

Input the information into the corresponding blanks, as Figure 3 demonstrates. Remember to click “update”
button at the bottom of each frame to write the information into the system.

Commercial Building Energy Saver Welcome! Your session number is 801427.

Introduction

Commeon Tnputs || Benchmarking || no- or Low-Cost improvement || preliminary Retrofit Analysis || Detailed Retrofit Analysis || Contact us

Please select one of the following methods to continue:

(1) Start a New Session | New Analysis |

(2) Continue in a Previous Session Session Continve

oo

Continue

(3) Start a New Session with Inputs in a Previous Session Session

Figure 2 Start new analysis
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Please select one of the following methods to contin

(1) Start a New Session New Analysis
(2) continue in a Previous Session Session £: Continue
(3) Start a New Session with Inputs in a Previous Session  Session = Continue
Basic information Energy Data Buﬂdmg information
“Building type Office - smail 1 story .
Vear buk 977 ‘Meter data (Green Button Data format)
Califoria Zip code pasz2 Service Type  Uploaded ~ Select a new XML file
Gross floor area (square feet) 5500 Electricity No Choose File | No flle chosen
Retail loor ares percentage (%) 0.0 Natural Gas No Choose File | Mo fle chosen
Note:
* More customization (such as number of storfes) can be done in Detaled Retrofit Analysis Update | Saved at 09 Mar 15:02

“*Only required for mixed use buildings.
The smart meter data must be Green Button Data format. The electricity data should have hourly or sub-hourly interval for the recent year.
Update | Saved at 09 Mar 17:08
Uploading smart meter data will automatically generate values for monthly energy data below.

Or, if smart meter data are NOT available, input monthly energy usage data below.
Investment criteria

Starting of bill cycle
Priority for measure selection| Maximizing energy costsavings v Monthly energy data
‘Maximum budget ($) 15000.0
‘Maximum payback year 3o First Bill Date: (2013 v | Mar v |2 v

ote: The Bill Start Date and Bill End Date below wil be automatically updated when the First Bill Date above is changed
*Optional
. ’ Electricity Usage  Natural Gas Usage
Mar 15:
Update | Saved at 09 Mar 15:02 8ill Start Date Bill End Date "dowh) (Therm)
vlMar v]i2 v 2013-Apr-01 50.00 106,00
. vl[Aer v|i2 v 2013-May-01 0.00 £5.00
Energy price vl[may v|i2 v 2013-Jun-01 60.00 8.00
Bectridty (8/kWh) S v|[en v|[2 v 2013-3u-01 50.00 0,00
Natural gos Goe vl 2w 2013-20-01 60.00 4800
Electridity demand ($/kw)2.52 TiAvo T2 20133ep-01 pooo 2a0o
vlsep v|2 v 2013-0ct-01 60.00 2300
T e .09 M 17:08 vio w2 v 2013-Nov-01 60.00 26.00
viNev v[2 v 2012-Dec-01 60.00 500 |
vioee v|2 v 201432001 50.00 o Bill readmg
cosion . vlan v|2 v 2014-Feb-01 60.00 500
€02 emission factors v|Fev vz v 2014 v |[Mar v|[1 ¥ 50.00 106.00
Electricity
Notural gas (Ib/MWh) 4135 Update | Saved at 09 Apr 17:12

Note:

Figure 3 Data input for case B.1
=  Run the benchmarking

Upon finishing the input in the tab “Common Input”, move to benchmarking by clicking the
“Benchmarking” Tab.

Leave the optional Energy STAR input blank. Simply click the “Benchmark” button. The results for the
B.1 benchmarking should be like Figure 4. The results show that this building has an EnergyStar score of
38 (a score of 75 or higher qualifies a building’s Energy Star certification) and consumes more
energy than 86.5% of the peer buildings in California.
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ENERGY STAR Inputs

Weekly operation hours: *Optional
Number of computers: *Optional
Number of workers: *Optional

Note: To get an ENERGY STAR score, the building must be at least 5000 square feet and open at least 30 hours per week.

Your annual energy consumption is 56.06 kBtu/sf.
The EnergyStar Score of this building is 38 (a score of 75 or higher qualifies a building’s Energy Star certification).

The EnergyIQ benchmarking result shows this building consumes more energy (in EUI) than 86 % of its peer buildings in California.

Whole Building - Total Site Energy (kBTU/sfyr)

100 M Frequency

M Accumulation
M Your building

25

U|||._ )
30 50

70 90 110

Buiidings in Pesr Group (%)
o

Site Energy (kBTU/st-yr)

EnergyIQ benchmarking result SUMMARY The site energy consumed for typical buildings of the type(s)
you've specified is 31.9 kBTU/sf [median], with a range of 22.4 to 91.6 kBTU/sf [5th to 95th
percentiles] for the population. This analysis includes population weights for each building.

Note: The EnergyIQ benchmarking result is based on California Commercial End-Use Survey (CEUS).

Figure 4 Results for Case B.1 benchmarking

Case L1 No- or Low- Cost Improvement Analysis

The benchmarking above indicates the energy performance of this building is poor. The building owner has
the building’s 15-minute interval electricity use data saved in an Excel file, and he don’t have outdoor air
temperature data. He would like to analyze the data and figure out whether there are some no- or low-cost
improvement.

= Input the information
No- or low- cost retrofit aims to achieve energy savings by analyzing the smart meter data. Normally, these
methods include the adjustment of the working schedules, shrinking the working hours, and shutting down
the unnecessary lights and appliances.

CBES app helps the users with the brief analysis of the possible no- or low- cost retrofit strategies under the
tab “No- or Low- Cost Improvement”, as shows in Figure 5.
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Low- or No-Cost Improvement Analysis

Temperature File: Download from nearby airpart v
Electricity Load File: Use my own data M
Previous electricity load file: No file upl

Select a new electric load file: Choose File | No file chosen

If a new file is selected, it will be uploaded and used in the analysis.
Otherwise, the previous uploaded file will be used.

The file should be CSV format with two columns.

* The first column should be the date and time in the same format as 2000-01-01 01:01:00.
* The second column should be the temperature in Fahrenheit or load in kwh.

* The data should start from 2nd row.

Example files: Temperature.csv, Electricity.csv,

Note: Weather underground API is used to download temperature file from nearby airport.
Some airports may be lack of data, while some of them may only have daily data.
So you may need to use your own temperature file for more accurate analysis.

No or Low Cost Improvement Analysis

Figure 5 Portal for no- and low- cost improvement

The outdoor air temperature file and the 15-minute interval electricity load file are required to perform the
no- or low-cost improvement analysis.

For the temperature file, two options are available, including “Download from nearby airport” and “Use my
own data”. The building owner don’t have the outdoor air temperature information, so he choose
“Download from nearby airport”. In this case, the CBES Toolkit will download the outdoor air temperature
from nearby airport through Weather Underground API (http://www.wunderground.com/). It needs to be
pointed out that the download procedure may be time consuming and the resolution of the data may be too
low for some of the airport (i.e. one data point per day).

For the 15-minute interval electricity load file, the options are “Use green button data from Common Input
tab” or “Use my own data”. As the building owner don’t have the smart meter data, he choose the “Use my
own data”. The building owner will see something like Figure 6. The interval data are in Excel format, so
he need to generate a CSV file with the required format from the Excel file.


http://www.wunderground.com/
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‘ Introduction H Common Inputs H Benchmarking H No- or Low-Cost Improvement u

Low- or No-Cost Improvement Analysis

Temperature File: Download from nearby airport -
Electricity Load File: Use my own data -
Previous electricity load file: ber_2100_mlk_jr_way_kwh.csv
Select a new electric load file: No file selected.

If a new file is selected, it will be uploaded and used in the analysis.
Otherwise, the previous uploaded file will be used.

The file should be CSV format with two columns.
* The first column should be the date and time in the same format as 2000-01-01 01:01:00.

* The second column should be the temperature in Fahrenheit or load in kWh.
* The data should start from 2nd row.
Example files: Temperature.csv, Electricity.csv,

Note: Weather underground API is used to download temperature file from nearby airport.
Some airports may be lack of data, while some of them may only have daily data.
So you may need to use your own temperature file for more accurate analysis.

No or Low Cost Improvement Analysis

Figure 6 Low- or No- Cost Improvement input

= Generating required CSV file from Excel file
Figure 6 shows the required CSV file format. The file should be CSV format with two columns. The first
column should be the date and time in the same format as 2000-01-01 01:01:00. The second column
should be the temperature in Fahrenheit or load in kWh. The data should start from 2nd row. Some

example files are also provided.
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Figure 7 Electricity load in Excel

Figure 7 shows the original data in the excel file. There are some steps to generate the required CSV file.

Step 1: Change the Unit to kWh. Figure 8 shows the unit conversion from GJ to kWh (1 GJ = 277.8 kWh)
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Figure 8 Unit conversion for electricity load in Excel



Step 2. Combine the header lines and move the data to columns A and B. Make sure row 1 is the header
and the data starts from row 2 as shown in Figure 9.
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Figure 9 Adjust Columns and Rows for electricity load in Excel

Step 3: Change the date time format. Right click on Column A (make sure Column A is selected), and
select “Format Cells...” (Figure 10). In the popup window, select Custom from Number Tab, and type
“YYYY-mm-dd HH:MM:ss” as shown in Figure 11. Click on and you will see similar results as shown in
Figure 12.
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Figure 10 Date time formatting for electricity load in Excel
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Figure 11 Date time formatting for electricity load in Excel
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Figure 12 Date time formatting for electricity load in Excel

Step 4: Export the data to CSV format. Click on FILE tab as highlighted in Figure 12. Select “Export”->
“Change File Type” -> “CSV (Comma delimited) (*.csv)” to export the data to required CSV format

(Figure 13).
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Figure 13 Export electricity load in Excel to CSV file

=  No- or low- cost improvement analysis result
Upon uploading the two input files, click the “No or Low cost Improvement analysis” at the bottom of the

page. Figure 14 shows first page of the analysis results, which indicates the building consumes more
electricity in autumn than in winter.

e Q
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Low- or No-Cost Improvement Analysis

Back to Input page

Typical Weekly Load

Your building uses more electricity in some seasons than others, but the times during the
=} week when the load is high and low are about the same from season to season. Your building

behaved similarly in all seasons, 5o any season will provide a good avarview. O, you may

w0 want to lock at each season because there are some minor differences. Choose a season:
Dec-Jan-Feb

z Mar-Apr-Ma
40 \ ) Mar-Apr-May
WA N ~ Sl Jun-Jul-Aw
w0 Sep-Oct-Nov
o
Sunday | Moncay | Tumcay | Wednwscay | Thumdmy | Fromy | Sauedny

Figure 14 No or Low cost improvement result

Users can click the link on the lower-right to see more detailed results of each season. Figure 15 shows an
example of the analysis results from CBES, which calculates the operation and non-operation hours, as well
as the average load during those hours. The results indicate that the building has quite high energy
consumption during non-operation hours, which may be caused by leaving the lights and/or equipment on
during non-operation hours. The building owner checks the building and finds that the HVAC system are

not turned off during the night. So he adjusts the settings and reduce the electricity consumption during
non-operation hours.

11



Jun-Jul-Aug This plot summarizes your building's average load during times during the week when your
building seems to be 'operating' or 'not operating ' 'Operating' means heating, ventilating, and
cooling systems are working, and lights and equipment are turned on. In most small
commercial buildings, the blue box should be much wider and shorter than the orange box
the building should be in non-operating mode for more time than it is operating, and should
use much less energy when non-operafing.

40

30 Your building appears to operate about 77 hours per week (the width of the orange box). If
this is much longer than your business's hours of operation, you may be able to save energy.
Many commercial buildings only need to provide heating, ventilation, air conditioning, and
lighting for 55 hours per week or less. You may be able to save energy and money by

Non-Operating Hours reducing your building's operating hours.
91 hours per week

20 4

Average Power (kW)

Your building used only 18 percent less power when it was non-operating than when it was
Rate of energy use: 35 kW average operating. This suggests that your building probably isn't shutting down as well as possible
Normalized rate: 3.49 W per square foot during non-operating hours. You can probably save money and energy by implementing some
Energy per week: 3176 kWh per week changes in how your building shuts down

—
o 770 1

Hours Per Week

50 Average load during hours and non-operating hours This plot summarizes your building's average load on each day, separating it into times when
your building seems to be ‘operating’ (orange box) and 'non-operating’ (blue). The width of the
orange bar indicates the number of operating hours (the estimated number of operating hours
is shown on the x-axis). If these hours don't match the occupied hours of your building, you
may be able to save money and energy by changing the times your building turns on or off.

(Width of colored bar is propartional to number of hours)

40 A

30

20

Mean Load (kW)

# of high hours® 15.2 16 16 15.2 148 0
Sun Mon Tue Wed Thu Fri Sat

Figure 15 No- or low- cost improvement detailed results for autumn

Case L2.1 Preliminary Retrofit Analysis

After adjusting the HVAC operation schedule based on the results from no- or low- cost improvement
analysis, the building owner would like to do some retrofits to further improve the energy efficiency, even
though he upgraded the lighting system from 2.0 to 1.2 W/ft? in 2005. Now he has $15k to invest. His
primary goal is to save energy cost and he wants the payback time to be less than 3 years. So he would like
to do a preliminary retrofit analysis to know what retrofit options are available. In this case, the building
owner can use Level 2.1: Preliminary Retrofit Analysis.

= Input the information
In addition to the input information in the Case B.1, we have the following:

e Investment limit: $15,000;

e Primary goal: energy cost saving;

e Maximum payback year: 3;

e  Existing upgrade: lighting power reduction from 2.0 to 1.1 W/ft? (1.1 W/ft? is the closest upgrade
in the pre-simulated database)

To add them into the existing case, switch to tab “Common Input” again and the add first three items in
“Investment criteria” as Figure 16 indicates. Then switch to tab “Preliminary Retrofit Analysis” to add the
information on existing upgrade, as Figure 17 demonstrated.
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Commercial Building Energy Saver

Common Inputs ‘ Benchmarking No- or

New Analysis I New Analysis

Previous Analysis Session # Co

Basic information

Building type Office - small 1 story -
Year built 1977
California Zip code 94127

Gross floor area (square feet) 10000
*Retail floor area percentage (%) 0.0

*Only required for mixed use buildings.

Saved at 12 Jan 1427

Investment criteria

Priority for measure selection Maximizing energy cost savings ~
*Maximum budget (3) 15000.0
*Maximum payback year 3.0

*Optional

Saved at 13 Jan 15:05

Energy price

Electricity ($/kWh) 0.1385
Natural gas ($/therm) 099
Electricity demand ($/kW) 2.52

Saved at 13 Jan 14:27

CO2 emission factors

Electricity (Ib/MWh)  687.87
Natural gas (lb/MWh) 413.5

Saved at 13 Jan 14:27

Figure 16 Update the investment criteria

Commercial Building Energy Saver Welcome! Your session number is 105458, .mr\‘m\
rrezrreres

[ Introduction ” Common Inputs ” Benchmarking ” No- or Low-Cost Improvement ‘m Detailed Retrofit Analysis

Upgrades

To better represent the building, please specify the upgrades of the building in the following categories.

Category Default values Upgrade

Lighting-interior TED Upgrade to T8 meeting Tite 24-2005 (Lighting power density: 1.1 watt/ squars fest)  ~
Windows 8D None -
Cooling System 8D None -
Heating System 8D None -

‘ No Preliminary Retrofit Analysis Results Yet!

Figure 17 Upgrade information input
=  Run the preliminary analysis

In the page of “preliminary analysis”, click “preliminary analysis” to launch it. Allow several minutes for it
to finish. Demonstrated by Figure 18, the results suggest that upgrading lighting system and adding

13



economizer are the two most cost effective ways to improve the energy performance of this building based

on the available budget and required payback year.

Preliminary retrofit results;
The retrofit options are sorted based on the investment criteria in the Common Inputs tab. If less than 10 retrofit options meet the Investment criteria, some retrofit options which do not meet the investment criteria are listed
Heasure I0(s] with () means the retrofit option does not meet the investment criteria.
Annual site energy and CO2 emissions.
‘Teasurs 10(s) Electricicy (kwh) ‘atural Gas (therm) Electricity Demand charge (3) Energy cost (5) c02 Emlssion (1bs)
o Baseling 113,168 364 Ti6s 17,638 28,300
: £Cm asiasi1 20,836 a1 1014 14,352 72,314
2 £cm 45,1 90,836 021 1,014 14,461 72,642
3 ECM 45 102,352 853 1,129 16,098 80,743
4 cm s 102,352 853 1120 16,098 0,743
s ECM 14;45;25,49,7,53;64;66 () 85,521 030 647 10,610 55,34
s ECM 14;45;25:7;52,64;66 (*) 85,467 a8 s46 10,640 55,769
7 ECM 14;45:49:7;52;64;66 (*) 65,521 1,068 647 10,744 57,989
s ECH 14;45;7;53;64166 () 65,487 1112 ™ 10,782 58,513
a ECM 1445;25;49;7,53;66 (*) 66,137 Lo12 655 10,785 57,7863
10 ECM 45:25:49;7;53;64:85 (7) 86,606 030 718 10,830 7,092
. .
Annual aconemic analysis
Measure 1D(s) Energy Cost Savings (5) | Energy Savings (kwh) | Electricity Cast Savings ($) | Electricity Savings (ki) || Natural Gas Cast Savings ($) | Natural Gas Savings (therm )| Investment Cost (5) | Payback (Year))
T Tom 45,251 3284 23,086 3082 2,332 52 52 5210 2%
2 Ecm a5, 3,75 20,653 3,082 nan 57 -7 7,888 25
3 = 1,53 e 1403 10,01 10 10 2,014 13
4 EcMas 1,538 1z 1493 10,816 10 10 2,014 13
s ECH 14;45:25:49:7:53;64:66 %) 7,026 as,685 6,575 2,647 66 -67 124,328 17.7
s ECM 14;45:25;7:53:64:66 () 6.996 3,626 6,583 47,700 104 105 105,320 151
H ECM 14;45,497,52,64;66 (*) 602 1,710 6,575 47,647 201 201 123,420 7.9
s ECM 14;45:7;53:64i66 (*) 6854 40,408 6,582 47,700 245 249 104,413 152
s ECM 14;45:25;49:7:53:66 () 6,051 42,666 5,490 7,030 17 1 103,774 151
1 ECM 45:25:49:7:53:64:66 () 6,806 43,509 6425 46,561 66 & 17,88 7.3
Annual energy and cost saving percentage
easare 10(s) Energy Cost Savings (%) Energy Savings (%) iectricity Usage/ Cost Savings (%) Natural Gas Usage/ Cost Savings (9]
T Te.am 7.2 ) pETS
2 1B.0% 14.9% 19.7% -6.6%
3 a7 s.0% o6 L2
4 ar s.0% se% L2
s ECM 14;45;25:45;7,53;64;66 () 3085 1.0% 42.1% 8%
s ECM 14;45;25:7:53:64:66 (") 9.7% 2.2% 42.2% 2%
7 ECH 14745:49:7:53:64:66 (") 39.1% 0.1% 42.1% 23.5%
s ECM 14;45:7:5364166 () 8.9% 29.2% a22% 20.6%
s ECM 14/45:2543;7;5%i66 (*) A% 0.8% aLew 2%
1 ECM 45;25,49,7:53;64i66 (*) 6% 12.2% anin e
Preformance of single measure
‘Measure 1D Electricity (kWh) ‘Natural Gas (therm) ‘Electricity Demand Charge (S) Energy Cost (5) 02 Emission (Ibs) “Investment Cost (5) ‘Payback (Year)
ECM 1 (%) 100,015 927 1045.91 15,766 80,030 6,000 321
ECM 14 (%) 108,011 864 1042.06 16,803 84,762 10,687 12.82
ECM 25 (%) 113,168 764 1163.94 17,538 87,105 1,447 14.70
ECM 49 () 113,422 a3 1163.95 17,641 88,113 19,000 NA
ECM 53 (%) 99,600 924 1032.30 15,692 79,712 8,000 412
ECM 64 (%) 113,380 778 1161.07 17,578 87,421 21,484 370.03
ECM 66 () 107,851 746 1091.60 16,714 63,228 38,282 4151
ECM 7 (") 96,763 944 1016.56 15,305 78,002 29,000 12,44
Description of measures
Measure ~ Total cost
et category | component Description 16Q Impact costune | Totelen
Ena  [indoor tightng]. o LB [VReplnosT12 Wit T8 Lamp and ballaet; Replacement of lighting may Improve lighting quality and occupant satisfaction. st .60
Replacement 531
Ughting Use troffer retrofit kit to convert from R - 5
€7 indoor ughtingl 590 Hesirhigat Replacement of lighting may improve lighting quality and occupant satisfaction. syt 250
. Roof Top Air | Replace RTU with higher-efficiency unit, ,‘
ECcM 14 [HVAC - cooling] Roor ToP Ar B NA s/to 467.00
HvaC- | Gasfumace | Replace gas furnace with higher-
ECM 25 ing efficiency unit AFUE 95 NA $/kBTU-hour 8.20
] nizer on ext izers bring in mor ir, especially in moderate ci idi ? i i r quality,
e P cconomizer | 1nstall economizer on existing HVAC Economizers bring in more outdoor air, especially in moderate climates. More building ventilation can improve indoor air quality, and has been i _—
system shown In offices to reduce sick building symptoms, Improve work performance, and may reduce lliness absence.
EcM4e | Building sheil |  Envelope Install air sealing Alr sealing can reduce cold drafts and help improve thermal comfort in buildings. syt 190
o
ecmss | plugroads | Pluatoad Install smart plug strip na st .80
controller
EcMes | Building Shell wall R ‘:‘::}a;.""’w" Bherioss Better Insulation can help maintain thermal comfort In buildings. s/sf wall area 390
Specifications: Reflective, fow VT, low . 5/5f window
ecnes | euilding sherl | window e s Windows with moderate heat gain and visible light transmittance can help maintain thermal and lighting comfort. i 3310

Figure 18 Preliminary retrofit results
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Case L3.1 Detailed Retrofit Analysis

Based on the preliminary analysis in Case L2.1 which shows significant retrofit benefit for “upgrading
lighting” and “adding economizer”, the building owner would like to do further detailed retrofit analysis
using more specific information of his building rather than the prototype. In this case, the building owner
can use Level 3: Detailed Retrofit Analysis.

= Input the information for baseline building
Switch to tab “Detailed Retrofit Analysis” and click the “Initializing Detailed Building Information”
(Figure 19)

Commercial Building Energy Saver Welcomel Your session number s 105458,

‘ Intraduction H Common Inputs H Benchmarking H No- or Low-Cost Improvement H Preliminary Retrofit Analysis H Detalled Retrofit Analyas

Please initialize the Detailed Building Informaiton before performing Detailed Retrofit Analysis.
Note:
(1) The initialization uses default values corresponding to the building type/vintage specified in the Basic Information section.

(2) The default values can be further modified after the

| initialize Detailed Building Information ]l
L

1t may take minutes to finish the initialization. Go to buy yourself a cup of coffee ...
1t will be automatically re-directed to the Detailed Building Information page when it finishes.

-
&=

Figure 19 Open the portal for detailed analysis

After the portal page is launched, switch to the geometry page and input the geometry information. Change
the building front side facing from North to South Change the length from default 122.47 to 143 ft, and
width from 81.65 to 70 ft. Modify the window-wall ration in the four directions to 0.25. Click “update” to
save the changes (Figure 20).

Skip the construction tab, and switch to in internal loads. Change the lighting power density from 2.0 to 1.2
W/ft2. Change the electric equipment power density from 1.36 to 1.8 W/ft? (Figure 21).

For other parameters same as the prototype building, leave them as default.
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Commercial Building Energy Saver

Welcome! Your session number is 105458,

[ noduction [ commontnputs || 8enchmarking || No- or Low CostImprovement || Preliminary Retrofit Analysis |(™Detatea retroft Amat

W[ Building Model Calibration || Single Measure Analysis || Measure Package Analyss |
[ Construction || IntemalLoads || ExteriorLighting || chedules || HuaC

Detailed Building Information

|| wsterHeater || Uty Rates

In addition to the basic building information provided in the Common Inputs page, detailed building information needs to be inputted in this page for the Detailed Retrofit Analysis.

Geometry

The update is successfully saved!

Building front side facing
Terrain

Building width [
Building depth [

Floor-to-floor height [f)

Window-wall ratio (front)
Window-wall ratio (back)
Window-wall ratio (left)

Window-wall ratio (right)

Number of window (left)

Neorth
City
700
143.0

10.01

0.25
025
0.25
025

Number of window (front) 6

Number of window (back) 6

4

Number of window (right) 4

No BlindiShade -
No BlindiShade -
No BlindiShade -
No Blind/iShade -

Figure 20 Change the geometry information
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Commercial Building Energy Saver Welcome! Vour session number is 105458,

{ Introduction ” Common Inputs ” Benchmarking H No- or Low-Cost Improvement H Breliminary Retrofit Analysis 1 Detailed Retrofit Analysis

J Detailed Building Information || _Building Model Calibration H Single Measure Analysis ” Measure Package Analysis }

[ttt [ ooy ][ comrcion | mamrvont || i g || scier ]| e | ot e ][ttty

Detailed Building Information

In addition to the basic building information provided in the Common Inputs page, detailed building information needs to be inputted in this page for the Detailed Retrofit Analysis.

The update is successfully saved.

Internal Loads

Occupant

Total number of occupants 100
Lighting

Lighting power density [W/ft]] 12
Equipment

Electric equipment power density [W/ft?] 18
Airflow

Infiltration air flow rate per exterior wall area [cfm/ft?]] 0.22

Outdoor air flow rate per person [cfm] 15.0

Outdoor air flow rate per floor area [cfmyft?] 0.15

Figure 21 Change the internal load information

=  Model Calibration
In case users are uncertain about some building information, a model calibration function is provided to
better match the utility usage inputs. Switch to tab “Model Calibration”, opt for the “Automatic
Calibration”, click the “Update Calibration Settings” and then click “Perform Model Calibration”. An
automatically calibration is applied for the case. The results are demonstrated in Figure 22.

Commercial Building Energy Saver Welcomel Vour session number is 105458,

[ Introduction H Common Inputs H Benchmarking H No- or Low-Cost Improvement ” Preliminary Retrofit Analysis ‘ Detailed Retrofit Analysis
Detailed Building Information |(™ gilding Model Calibration || _Single Measure Analysis ” Measure Package Analysis }

Building Model Calibration

Note: The model calibration is optional for further measure analysis

<Calibration is successfully done in 173.51s

Select Calibration Mode

@  Automatic Calibration ©  Interactive Calibration

Update Calibration Setiings | | Perform Model Calibration

(Note: Please Update Calibration Settings before performing Model Calibration)

Calibration Results

Calibration Step No.  Calibration Step Deseription Value Old  Value New ~ NMBE Elec(%) NMBEGas(%)  CVRMSE Elec (%)  CVRMSE Gas (%)
1 “Increase occupant density (unit: persons/m2)” 01075 01398 782 -10.345 10.969 14744
2 “Increase outdoor air flow (unit: m3/s.person)” 0007079 0007687 7349 1157 10.607 14556
3 “Increase cooling COP (unit: 1)° 207 3684 4784 1157 2025 14.556
Note:

NMBE: Normalized Mean Bias Error (ASHRAE guideline 14 criteria). tolerance +5%
CVRMSE: Coefficient of Variation of the Root Mean Square £rror (ASHRAE guideline 14 criteria), tolerance 15%

Apply Calibrated Model in Further Analysis

(Note: Without clicking this button, previeus madel will be used for further analysis. After clicking this button, the previous model will be replaced)

Figure 22 Results of automatic model calibration
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By clicking the “Apply Calibrated Model in Further Analysis” button, the detailed building information
will be updated using the information from the calibrated model; in other words, the calibrated model will
be applied in the further measure analysis. Note that the cooling system COP in the HVAC information
bundle has been modified by model calibration, as Figure 23 displays. For sophisticated calibration options,
please refer to the manual.

Commercial Building Energy Saver Commercial Building Energy Saver
mmon Inputs Benchmarking No r Low-Cost Improven Introduction Common Inputs Benchmarking

Detailed Bullding Information Detailed Building Information

Detailed Building Information Detailed Building Information

In addition to the basic building information provided in the Commen Inputs page, detailed In addition to the basic building information provided in the Comman Ing

HVAC HVAC

=

After Applying the
lalibrated Model | .,

gle zone reofiop air conditioner pockaged single 2one roohlop air condibioner

Update Update

Figure 23 Parameter changed by auto calibration

= Evaluate single retrofit measure
Regarding the retrofit measures, suppose that the building owner wants to choose one measure to apply
from the options in Table 3, he/she could use the tab “Single Measure Analysis” to input details of each
measure.

Table 3 Retrofit measures

Retrofit measures Detail
Switch lightings to T8 Power density of 0.70 W/ft2 (7.53 W/m?)
Switch lightings to T5 Power density of 0.67 W/ft2 (7.21 W/m?)

Switch lightings to LED Power density of 0.60 W/ft2 (6.46 W/m?)
Add Economizer -

Under “select measures to add”, choose the category that fits the measures in the drop-down menu, and
subsequently choose the exact measures provided by the tool. Then click “Add selected measure to the
measure list” to add the selection into a formulated list.

Figure 24 demonstrates the measure listed in the app for a single measure evaluation. Building owners may
instinctively try to combine measures of different categories into a package for a comprehensive analysis.
For this, users can use the “Measure Package Analysis”. Simply click that tab, and all previously added
measures will be listed to be combined into a package. Select the wanted measures by checking the
corresponding box to form one package, and user can customize the name of package. Note that measures
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that belongs to the same category can’t be chosen simultaneously, for it is obviously against the logic.
Figure 14 demonstrates the three possible package for this case.

Select Measures to be Analyzed

Please select 3 specific measure to be added to the Measure List. The selected measures can be further edited in the Measure List.

Mansure Category:  ~Selact Measure Category- -

Measure List

The selected measures are listad in tha table balow

The listed measures can be further customized by chcking the View/Edst button.
Hoasure Measure Name category component 1 impact views | nemove
gy [P 0GR R B g [ 1teror Uity Eaupmant Replacement of ighting may improve lghting quaity and occupant satisfaction ViowhEdit | Remove
gamg  [ePce og Ihng R TS| g | 1teror okt Equpment Replacement of ighting may improve lghting auaity and aceupant satisfaction viawhEdt | Remove
cany [ Replece e loning mih | g [ Itero Lighing Eapment Replacement of ighting may improve Khting qusity and occupant sattaction viewssait | Remove
o T — o - Economizers bring in mare uumm:h\;_n;':;(:‘ ;r:r::ﬂ.;:eﬂ;:n:;:r;u::ﬁ::::l:j’;u(\::u::n;:::i:;::mnra- wventilation rate, leading to
Perform Single Measure Analysis
Figure 24 Measure lists for evaluation
Measure Package Analysis
check this box to put

Measure Package measure into package

The Measure Package settings are successfully updated.

Please package the measures for further analysis.

Measure ID Measure Description Energy Saving(*) Payback Years (*) lackage 1 Package 2 Package 3 Package 4
ECM 1 Replace existing lighting with T8 up ... 18.15% 08 ) ] (] ]
ECM 34 Add Economizer 8.24% 08 il ) @ B
ECM 4 Replace existing lighting with TS up ... 1856% 35 ] ] 0 ]
ECM 7 Replace existing lighting with LED u ... 195% 35 B (] ¥ (]

Rename the Measure Package (optional):  T8with ECO T5 with ECO LED with ECO Package 4
(*): values obtained from single measure simulations \
brief description of the
Update Measure Package Setlings J [ Perform Measure Package Analysis ‘
p g 9 ge Analys package
(Note: Please Updatﬁsur& Package Settings before performing Measwckage Analysis)

remember to update the kick off the analysis
settings before running
analysis

Figure 25 Create measures package for analysis

The results are demonstrated as Figure 26. Note that packages are also compared with single measures if
the “include single mearsure analysis results here” is clicked. In this case, the results show that the best
option for the building owner is to invest in upgrading the lighting to T8 and also adding an economizer.
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Measure Package Analysis Results
Maasurs ID(s) with (=) means tha retrofit option doss not mest the investmant critaria.
An enargy and
[ Measure ID(s) Efectricity (kwh) Natural Gas (therm) Electricity Demand Charge (5) Energy Cost ($) o2 Emission (Ibs)
Basaling 146,455 669 o0 31,006 109,093
ECM 1 131,674 767 0 28,137 99,729
ECM 1:34 119,730 768 o 25,715 51,660
133,183 = o 28,366 89,871
130,580 72 o 27,961 99,176
118,925 m 0 25,857 91,168
128,483 784 o 27,548 07,880
EcM 7,34 (%) 117,038 785 o 25,187 0,017
Annual economic analysis
Measure ID(s) - | Encrgy Cost Savings ($) | Energy Sovings (kWh) | Electricity Cost Savings ($) || Electricity Savings (kWh) | Natural Gas Cost Savings () | Notural Gas Sovings (therm) | Investment Cost ($) | Poyback (vear)
ECM 1 2,958 12,704 3,038 14,951 7 -78 6,326 21
EcM 1,34 5,381 24,425 5,458 26,725 ] 8 5,626 16
EcM 34 2,730 13,254 2,730 13,272 -1 1 2,303 08
EcM4 (™) 3,135 13,450 3,218 15,875 -2 -8 26,887 as
ECM 4334 (%) 5,538 25,081 5,622 27,530 -83 -84 29,181 5.3
ECM7 (%) 3,548 15191 3,643 17,972 o4 -85 28,599 a1
ECM 7:34 (%) 5910 26,612 6,005 29,418 o5 95 30,879 52
Annual energy and cost saving percentage
Moasure ID(s) Enargy Cast Savings (%) Enorgy Savings (%) Electricity Usage/Cast Savings (%) Natural Gas Usage/Cast Savings (%)
ECM 1 2.5% 7.6% 10.2% 1%
EcM 1,34 17.3% 14.7% 18.2% -114%
EoM 34 8.8% 8.0% 9.15 -0.1%
ECM 4 (%) 10.1% 8.1% 10.8% -12.0%
ECM 434 () 17.8% 15.1% 18.8% -12.1%
EcM 7 (%) 1L4% a.1% 12.3% 13.8%
ECM 734 (7) 19.0% 16.0% 20.1% 13.0%
Show Measuie Package Analysis Results Only

Figure 26 Measure package analysis results

Case L3.2 Detailed Retrofit Analysis with local economic incentives

Suppose that the local economic incentive for the T8 lighting upgrade program is 0.2 $/ft?, then the cost
will be 0.432 $/ft? rather than the default of 0.632 $/ft?, then the building owner needs to re-evaluate those
upgrade plans.

Under the tab “single measure analysis”, click the “View & Edit” for “ECM1- Replace existing lighting
with T8 upgrade” (Figure 27), and as Figure 28 displays, change the measure cost to 0.432 and update the
measure information.

Re-run the single measure analysis and the measure package analysis, the results under the new T8
incentive is shown in Figure 29.

Commercial Building Energy Saver Welcome! Your session rumberis 10413 d\ il @PIerm
R =t

@ There is a newer version avaiable.

Single Measure Analysis

Select Measures to be Analyzed
Please select a speciic measure to be added 10 the Measure List, The selected measures can be further edited in the Measure List.
Measure Category: Seloct Measure Catogory-

Measure List

chicking the View/EGH button.

Measure Name [ cotegory | Component | 16Q Impact | viewaede | Remowe
=2 Replace existing Fghting with T8 upgrade lighting Interion Lighting Equipernt Retrofit Replacement of kghting may improve lighting quaity and occupant satisfaction Bemove
M40 Plug Losd Efficiency Upgrade (25% More Eficient to Baseline) Plug Loads fa NA ViewSiEdit Remove
Paddorm Sagie Measurs Anahais

Figure 27 Modify the information for ECM
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Measure View/Eidt

Measere Name:
Measere Category:
Measere Component:
Measere Description:
Measere IEQ Impact:
Measere Cost Unit
Measure Cost

The measure contains 1 parameter(s):

The information of the selected measure is displayed belwo for view/edit.

Replace existing lighting with T8 upgrade
Lighting

Interior Lighting Equipment Retrofit
Replace existing lighting to T8 lamps with 7.5 W/m2 [2.38 Btu/h/ft2]. T8 lamps use fewer watts, release less heat and produce more lumens compared with older fixtures. A retrofit kit is recommended for converting ballasts.
Replacement may improve lighting quality.
Replacement of lighting may improve lighting quality and occupant satisfaction.
s/sf
0432

Parameter Name: office_space_lpd
Parameter Type: Float

Parameter Min value: 0

Parameter Max value:

Parameter Value: 753

Parameter Unit: w/m2

Update Measure Information | |

Cancel Updates ]

change from 0.632
(default) to 0.432

Figure 28 Change the information for T8 upgrade

Annual site energy and C0; emissions

Measure Package Analysis Results

Maasurs 10(s) with (*) maans tha ratrofit option doss not mest tha investmant criteria

Measure ID(s) Electricity (kWh) Natural Gas (therm) Electricity Demand charge ($) Energy cost (5) 02 Emission (1bs)
Basaline 146,455 ) o 31,006 109,093
ECM 1 131,474 767 a 28,137 0,720
ECM 1;34 119,730 768 a 25,715 91,660
EoM 34 133,183 690 a 28,366 99,971
Annual economic analysis
Measure iD(s) . | Energy Cost savings (5) | Energy savings (kwn) | Etectricity cost savings (5) | etectricity saviogs (kwn) (5) savings (therm) | investment Cost ($) | payback (vear)
ECM 1 2,959 12,704 3,036 14,981 -77 -76 4,324 [
ECM 134 5,381 24,425 5,459 26,725 ] -8 6,624 Lz
ECcM 34 2,730 13,254 2730 13,272 1 1 2,391 03

Annual energy and cost saving percentage

Measure ID(s) Energy Cost Savings (%) Energy Savings (%) Electricity Usage/ Cost Savings (%) Natural Gas Usage/Cost Savings (%)
ECM 1 9.5% 7.6% 10.2% -11.3%
ECM 1,34 17.3% 18.7% 18.2% “1L4%
ECM 34 a.8% 8.0% 9.1% RRCY

sure Packags Analysis Rssuks Only

Figure 29 Results under new T8 incentive
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