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Purpose of This Manual

The intent of this manual is to give users of the Profiling Tool an understanding of how the Profiling Tool’s results are generated.

Initial Screen

After signing on to DC Pro v3, the initial screen shown in Figure 1 is presented. The list of data centers will vary according to

user.

Figure 1. Initial Screen

Data Center Profiler (DC Pro) Software Tool

Data Center Explorer

™ Kim Traber

<<<Collapse

Welcome ktraber! [ Change Password ] [Admin] [ Log Out ]

BDCPR®
How to use the tools on this page?

To begin performing an assessment, navigate the Data Center Explorer on the left side
of the page and select a Data Center.

If your Data Center is not listed, please Click Here to add it.

=3
Once selected, you should first add a new DC Profile instance or modify an
existing one.

If you have created a Profile using the Data Center
s

Profiler Software Tool, you may export your existing
profile to XML, and Import the_ assessment using the
Import DC Profile XML button. (2)

Completing a DC Profile instance will generate a set of associated ]
recommended tasks. To view the tasks for an existing instance, clickthe ~—
Task button in the Actions column above.

You may delete any Profile using the Delete button in the Actions column. *.T’l

Click on the data center of interest from the list in the left column. The screen shown in Figure 2 is presented. The list of profiles
will vary according to the data center selected. Select an existing profile to modify, or create a new profile.

Page 1



Figure 2. Create/Select the Profile

Data Center Profiler (DC Pro) Software Tool

Data Center Explorer

& Kim Traber

<<<Collapse

Welcome ktraber! [ Change Password ] [Admin] [ Log Out ]

Kim Traber .DCPR@

DC Profiles |

Case Name PUE Last Updated Status Acfions
Kim Traber =B Ll
Baseline 1] 3182014 Incomplete - M

< ! ==
Impart DC Profile XML (S5 [l Add DC Profile _.’;E"‘

How to use the tools on this page?

- To begin performing an assessment, navigate the Data Center Explorer on the left side
" of the page and select a Data Center.

If your Data Center is not listed, please Click Here to add it.

==
Once selected, you should first add a new DC Profile instance or modify an  #—
existing one.

If you have created a Profile using the Data Center
Profiler Software Tool, you may export your existing

profile to XML, and Import the assessment using the

Import DC Profile XML button. 2

“l

Completing a DC Profile instance will generate a set of associated
recommended tasks. To view the tasks for an existing instance, click the L
Task button in the Actions column above.

=,

You may delete any Profile using the Delete button in the Actions column. ﬂ
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Main Screen

There are three elements on the main screen - a list of Profiler steps on the left, a performance summary on the right, and a row
of options at the bottom.

Figure 3. Main Screen

Data Center Profiler (DC Pro) Software Tool

Welcome ktraber! [ Change Password ] [Admin] [ Log Out ]

Assessment Home : Kim Traber Profile | Case: (Baseline) DCPR
> i !E)

Power Usage Effectiveness (PUE)

Either click on one of the headers to go to those guestions, -
or click on the ‘Continue’ button to be taken to the next set of questions. Infinity

By clicking on the 'Previous’ or 'Next' Section buttons, you will have the option to save your profile and you will Annual Data Center Site Energy Use
be able to exit the application without losing your data.

Items with a Light background contribute to the PUE calculation. Please make sure to answer all of them to geta Usage
more accurate calculation.

Clicking on a "2’ will give you more information about the selected row.

A * signifies a required field. This is required in order for the report to save, and only exists in the first section.

[[11s this a Federal Data Center?

1.1 Data Center General Information

1 Energy Use Systems - Energy Ma

M Equipment Lights
Electric [l Fans Cooling

Cost
s |

Fuel
leam

Chilled Water

Electr
-

[Finish with the Profile| Print Profile] [Archive Profile] ¥ Generate Recommended Tasks
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Profiler Steps

To see the detail for each step, click on the name of the step. The activity performed in each step is described in detail in the Six
Steps section of this document.

Figure 4. Profiler Steps

Either click on one of the headers to go to those questions,
or click on the 'Continue’ button to be taken to the next set of questions.

By clicking on the 'Previous’ or 'Next' Section buttons, you will have the option to save your profile and you will be
able to exit the application without losing your data.

Items with a Light background contribute to the PUE calculation. Please make sure to answer all of them to get a
more accurate calculation,

Clicking on a 2. will give you more information about the selected row.

A~ signifies a required field. This is required in order for the report to save, and only exists in the first section.
Is this a Federal Data Center?

Continue

1.1 Data Center General Information

2.1 Energy Use Systems - Energy Management

2.2 Energy Use Systems - IT Equipment

2.3 Energy Use Systems - Environmental Conditions
2.4 Energy Use Systems - Air Management

2.5 Energy Use Systems - Cooling

2.6 Energy Use Systems - IT Equipment Power Chain
2.7 Energy Use Systems - Lighting

3. Supplied Energy (Optional)

4. Energy Use Distribution {Optional)

Performance Summary

The right side of the main screen has three objects that are updated automatically each time the user makes a change to specific
data entry questions. The objects are:

1.
2.
3.

Power Usage Effectiveness (PUE). This is presented as a number.
A pie chart called “Usage”, showing relative energy use in each of five end-use categories.
A column chart called “Cost”, showing the annual dollar cost of each of four types of energy.

When starting a new profile for a data center, the performance summary first appears as shown in Figure 5. Information needs
to be entered in Steps 1 and 2 before DC Pro can present a meaningful performance summary.
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Figure 5. Performance Summary: Initial

Power Usage Effectiveness (PUE)

Infinity

Annual Data Center Site Energy Use

Usage

M Equipment Lights
I Electric Il Fans Cooling
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Power Usage Effectiveness (PUE)
The annual average Power Utilization Effectiveness of the data center is calculated as:

(IT Energy Use + Lighting Energy Use + Electric Distribution Loss + Fans Energy Use + Cooling & Humidity
Control Energy Use) / (IT Energy Use)

Only the data entry questions with a light background, in Steps 1 and 2, affect the PUE calculation.
The Profiler displays the PUE to nearest 0.01, but this should NOT be taken as an indication of accuracy of the tool. Itis a

ROUGH tool. The PUE is shown to this precision simply to provide feedback to the user when he changes the answers to
questions that affect the PUE calculation.
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Annual Data Center Energy Use

Usage

Only the data entry questions with a light background, in Steps 1 and 2, affect the Usage pie chart. If the user does not enter
any information in Steps 3 and 4, then the pie chart reflects default, pre-calculated, estimated energy end-use breakouts. If the
use enters information in Steps 3 and 4 (defining the breakouts based on meter data), then the pie chart reflects that information
instead.

Pie Chart Legend Description
Equipment IT equipment.
Lights Lights.
Electric Electric distribution system loss.
Fans Cooling system fan energy.
Cooling All cooling and humidity control system components, other than the fans.

Cost

This chart is populated only if the user enters energy cost data in Step 3.

Options
The bottom of the Main Screen presents four options.

Figure 6. Profile Options

Finish with the Profile| Print Profile| Archive Profile, ¢ Generate Recommended Tasks

Finish with the Profile

The user can select this option at any time. The data entered in the current session will be saved, and can be recalled later for
further editing.

Print Profile

This option allows the user to print the current profile, in table form.

Archive Profile

This option saves the profile, and prohibits further editing of the profile.
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Generate Recommended Tasks

If box is checked when the user selects Finish with the Profile, then the Profiler will present a list of recommended actions to
take, based on the user’s answers to all of the data entry questions in Steps 1 and 2. See Appendix E for details on how each
action is presented or not presented.

Six Steps
The Profiler has six major steps.

Step Zero - Federal Data Center Asks the user to identify the data center as federal or not federal.

Step 1 - Data Center General The user provides basic information about the data center.

Information

Step 2 - Energy Use Systems Questionnaire, and calculation of the Default energy end-use breakouts.

Step 3 - Supplied Energy Optional step. Allows user to enter energy meter readings.

Step 4 - Energy Use Distribution Optional step. Allows user to distribute the readings entered in Step 3, among the data

center energy end-use categories.

Step 5 - Results Presents the results of the Profiler's calculations.

Step Zero - Federal Data Center

Figure 7. Federal Data Center

Either click on one of the headers to go to those questions,
or click on the 'Continue’ button to be taken to the next set of questions.

By clicking on the 'Previous’ or 'Next' Section buttons, you will have the option to save your profile and you will be
able to exit the application without losing your data.

Items with a Light background contribute to the PUE calculation. Please make sure to answer all of them to get a
more accurate calculation.

Clicking on a 2. will give you more information about the selected row.

A~ signifies a required field. This is required in order for the report to save, and only exists in the first section.
Is this a Federal Data Center?

Continue

There is one data entry field on this screen: “Is this a Federal Data Center?” (yes/no).
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Step 1 - Data Center General Information

The Profiler allows users to define and edit multiple data centers. The user defines his data centers in Step 1. Basic information
is asked for — data center name, location, floor area, and type.

User Inputs

In the tables that follow, each input question is assigned a code. These codes are not visible on the screen when using the
Profiling Tool. The codes are referenced in the Calculation sections of this manual, where the Profiling Tool outputs are defined.

Table 1. Data Center General Information Questions

Code Input Question Data Type l(j)saelgs’;
G1.Q.01 Profile Name Text No
G1.Q.02 Department Text No
G1.Q.03 Organization Select One No
G1.Q.04 Address Text No
G1.Q.05 State/Region Select One Yes

[all US states; District of Columbia, Puerto Rico, Pacific
Islands, Virgin Islands]
GI1.Q.06 County Select One Yes
[choices depend on State/Region selected]
G1.Q.08 Floor Area — Data Center Space [valug] Integer No
G1.Q.09 Floor Area — Data Center Space [units] Select One No
square feet
square meters
Gl.Q.10 Floor Area — Data Center Support Space [value] Integer No
GlL.Q.11 Floor Area — Data Center Support Space [units] Select One No
square feet
square meters
Gl.Q.12 Floor Area — Non Data Center Space [valug] Integer No
GlL.Q.13 Floor Area — Non Data Center Space [units] Select One No

square feet
square meters
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Used in
Calcs?

Gl.Q.14 Total Facility Space [value] Integer No

Code Input Question Data Type

Gl.Q.15 Total Facility Space [units] Select One No
Gl.Q.16 Type of Data Center Select One No

Colocation

Financial

Government

Other Corporate

Managed Disaster Recovery
Telecom Switches

ISP Routers
Operations/Processing

Data Storage

Internet Service Provider

GlL.Q17 Data Center Tier (Uptime Institute Definition) Select One No

Tier 1
Tier 2
Tier 3
Tier4
Mixed

Gl.Q.18 Data Center Class (as per the ASHRAE Guidelines) Select One No

A1
A2
A3
A4
B
C
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Figure 8. Data Center General Information Questions

1.1 Data Center General Information

Example Case for Calculation Reference Manual

427 13th St, Oakland GA 94612

State/Region:
Couny

B0 J[safest ]
1000 J[satest ]

Calculations

The Profiler determines which climate zone the data center is in. See Appendix A.

Note that the user has the option of entering the climate zone directly, as shown in Figure 9.

Page 10



Figure 9. Data Center General Information Questions: Climate Zone Option

1.1 Data Center General Information

Example Case for Calculation Reference Manual

427 13th 5t Oakland CA 94612

i

3000

1000 J[satest |

(2)
(7]
(7]

There are fifteen climate zones to choose from, as shown in Table 2. See Appendix A for details.

Table 2. Data Center General Information Questions: Climate Zone Option

Code Input Question Data Type Lésa?gslg
Gl.Q.05 State/Region Hidden
Gl.Q.06 County Hidden
Gl.Q.o7 Climate Zone Select One Yes

1A - Very Hot/Humid
2A — Hot/Humid
2B - Hot/Dry

3A - Warm/Humid
3B - Warm/Dry

3C - Warm/Marine
4A — Mixed/Humid
4B — Mixed/Dry
4C - Mixed Marine
5A - Cool/Humid
5B - Cool/Dry

6A - Cold/Humid
6B — Cold/Dry

7 - Very Cold

8 — Subarctic
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Step 2 - Energy Use Systems

Steps 2.1 through 2.7 are primarily questionnaires. Answers to the questions can serve any of three purposes:

1. To determine whether an Action is recommended or not recommended, in the “Suggested Next Steps” section of Step
5. The details of the Action selections are provided in Appendix E.

2. Toinfluence the output values that the Profiler calculates. Not every question influences the calculated values. Many
of the tables in this manual have a rightmost column with the heading “Used in Calcs?” This column indicates which
questions affect the calculated results.

3. To collect benchmark data that is not used immediately by the Profiler, but may be useful for future studies.

Step 2 also estimates how the data center’s energy use is distributed among five end-use categories, based on the answers to
the Step 2 questions. These are referred to as the Default energy end-use breakouts.

After completing Step 2, the user can go directly to Step 5 where results are presented. The results will be based on the Default
energy end-use breakouts.

If the user wishes to replace the Default breakouts with actual measured energy use data, then he should complete Steps 3 and
4. The results presented in Step 5 will then reflect the measured data.

User Inputs

The questions are grouped into seven subject areas:

2.1 Energy Management

2.2 IT Equipment

2.3 Environmental Conditions
2.4 Air Management

2.5 Cooling

2.6 IT Equipment Power Chain
2.7 Lighting

Nested Questions
Some questions are shown/hidden depending on the user’s answer to a previous question. For example, if the data center is

cooled by air-cooled chillers, the questions about cooling towers are hidden. The arrangement of nested questions is
documented in each of the following sections.
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Step 2.1. Energy Management

Figure 10. Energy Management Questions

2.1 Energy Use Systems - Energy Management

Table 3. Energy Management Questions

Question ID Question ?;;Z lés;gsig
EM.Q.01 Has an energy audit been conducted within the last 2 years? YIN No
EM.Q.02 Is there a written energy management plan? YIN No
EM.Q.02.1 Is there an energy manager directly responsible for the energy management plan? | Y/N No
EM.Q.02.2 Has upper management accepted the energy management plan? YIN No
EM.Q.03 Is there an energy measurement and calibration program in place? YIN No
EM.Q.04 Is there a preventative maintenance program in place? YIN No

Nested Questions

If the answer to Show Show
EM.Q.02 is: EM.Q.02.1? AM.Q.02.27
Yes Yes Yes
No No No
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Step 2.2. IT Equipment

Figure 11. IT Equipment Questions

2.2 Energy Use Systems - IT Equipment

| S1%to99% v |

||
i
| |

Table 4. IT Equipment Questions

) . Used in
Question ID Question Data Type Calcs?
IT.Q.01 Do you measure and track IT equipment (storage, server & network) utilization? YN No
IT.Q.02 Do you have a process for identifying abandoned/un-used servers and taking YN No

them offline?
IT.Q.03 What is the average age at which you replace your servers? Select One No
0-2 years
3 years
4 years
5+ years
IT.Q.04 Are you using virtualization to consolidate your server workloads? YN No
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Question ID

IT.Q.05

IT.Q.06

IT.Q.07

Question

How extensive is your storage consolidation?
0%
1% to 50%
51% to 99%
100%
What storage tiers have you implemented? (mark all that apply)
More than one production tier
Archiving tier
Near-line storage

Have you implemented storage optimization techniques such as thin provisioning,
incremental snapshots, or de-duplication?

Nested Questions

None.

Data Type

Select One

Select Any

YIN

Used in
Calcs?

No

No

No
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Step 2.3. Environmental Conditions

Figure 12. Environmental Conditions Questions

2.3 Energy Use Systems - Environmental Conditions

What is a typical (average) air
temperature lzaving the cooling cois
(supply)?

What is a typical (average) air
temperature entering the cooling cois
{return)?

Do you have active, working
humidification controls?| & Yes Ot

| Electric Resistance Heating/infrared Lamps ¥ | (7]

#ypg |

j Recirculation Air Stream Cnly ¥

Do you have active, working
dehumidification controls?| . Yes /No

| Centralized ¥ |

#ypg |
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Question ID

EC.Q.01

EC.Q.02

Table 5. Environmental Conditions Questions

Question
What is a typical (average) air temperature leaving the cooling coils (supply)?

55F (13 C)
60 F (16 C)
65F (18 C)
70F (21C)
75F (24 C)
80 F (27 C)
85F (29 C)
90 F (32C)
95F (35 C)
100 F (38 C)
105 F (41C)
110 F (43 C)
115 F (46 C)

>115 F (>46 C)

What is a typical (average) air temperature entering the cooling coils (return)?

55F (13 C)
60 F (16 C)
65F (18 C)
70F (21C)
75F (24 C)
80 F (27 C)
85F (29 C)
90 F (32C)
95F (35C)
100 F (38 C)
105 F (41 C)
110 F (43 C)
115 F (46 C)
120 F (49 C)
125F (52 C)
130 F (54 C)
135 F (57 C)
140 F (60 C)

>140 F (>60 C)

Data

Type
Select
One

Select
One

Used in
Calcs?

Yes

Yes
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Question ID

EC.Q.03

EC.Q.04

Question
What is a typical (average) IT equipment intake temperature?

55F (13 C)
60 F (16 C)
65F (18 C)
70F (210)
75F (24 C)
80 F (27 C)
85F (29 C)
90 F (32C)
95F (35 C)
100 F (38 C)

105 F (41 C)

110 F (43 C)

115 F (46 C)

>115 F (>46 C)

What is the typical (average) IT equipment exhaust air temperature?

55F (13 C)
60 F (16 C)
65F (18 C)
70F (21C)
75F (24 C)
80 F (27 C)
85F (29 C)
90 F (32C)
95F (35 C)
100 F (38 C)
105 F (41C)
110 F (43 C)
115 F (46 C)
120 F (49 C)
125 F (52 C)
130 F (54 C)
135 F (57 C)
140 F (60 C)
145F (63 C)
150 F (66 C)
155 F (68 C)
160 F (71 C)
165 F (74 C)
170 F (77 C)
175 F (79 C)
180 F (82 C)

>180 F (>82 C)

Data
Type

Select
One

Select
One

Used in
Calcs?

No

No
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Question ID

EC.Q.05

EC.Q.06

EC.Q.07

EC.Q.08

EC.Q.08.1

EC.Q.09

EC.Q.09.1

EC.Q.09.2

EC.Q.10

EC.Q.11

Question
Adopted IT Intake Air Temperature, Maximum:

65F (18 C)
70F (210)
75F (24 C)
80 F (27 C)
85F (29 C)
90 F (32C)
95F (35 C)
100 F (38 C)
105 F (41 C)
110 F (43 C)
115 F (46 C)
>115 F (>46 C)

Are the cooling system temperature sensors measuring air conditions that are
representative of the IT equipment intake air conditions?

Does your air management scheme, your economizing system (if present), and your
IT equipment allow your data center to operate near the ASHRAE max
Recommended IT equipment intake temperature, and occasionally between the
ASHRAE max Recommended and max Allowable intake temperature (per your data
center Class) during 100% mechanical cooling?

Do you have active, working humidification controls?
What type of humidifier do you have?
Electric Resistance Heating/Infrared Lamps
Steam from Boiler
Direct Evaporative
Ultrasonic

Do you have active, working dehumidification controls?

Is there a continuous source of outside air admitted to the data center for
ventilation?

Where are air temperature and humidity sensors located?
Outside Air Stream Only
Recirculation Air Stream Only

Outside Air Stream and recirculation Air Stream

Are the current cooling system high and/or low humidity limit setpoints for the IT
intake air tighter than the ASHRAE Recommended limits for your data center Class?

Do CRAC/H units have centralized (networked) or distributed controls?

Centralized
Distributed

Data
Type

Select
One

YIN

YIN

YIN

Select
One

YIN

YIN

Select
One

YIN

Select
One

Used in
Calcs?

No

No

No

Yes

No

Yes

No

No

No

No
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Data Used in

Question ID Question Type Calos?
EC.Q.12 Are CRAC/Hs fighting each other (for example, simultaneously humidifying and YIN No
dehumidifying)?
EC.Q.13 Do the cooling system controls allow you to apply correction factors (Slope and YIN No

Offset) to the signals from the temperature and humidity sensors?

The Profiler assumes the de/humidification system(s) are working properly, not fighting each other. For more details on how the

data center is modeled, see Appendix D.

If the answer to
EC.Q.08 is:

Yes
No

If the answer to
EC.Q.09 is:

Yes
No

Nested Questions

Show EC.Q.08.1? Show EC.Q.09.1?

Yes Yes
No See next table
Show EC.Q.09.1?
Yes
No

Show EC.Q.09.2?

Yes
See next table

Show EC.Q.09.2?

Yes
No
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Step 2.4. Air Management

Figure 13. Air Management Questions

2.4 Energy Use Systems - Air Management

Does the CRAC/CRAHMAHU have a free
cooling coil (water side economizer)? ®ves Otio

Iz there air-side free cocling? ®ves O

Underfloor Plenum ¥

O [ ]

o) o

SISO S S NSENCRS

*ves.
Good v |

O [ ]

T
Hot Aisles Only ¥ |

®ves |

| Egquipped with WVSDs v

o) o

®Yes |
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Question ID

AM.Q.01

AM.Q.03

AM.Q.04

AM.Q.05

AM.Q.07

AM.Q.07.4

AM.Q.07.5

AM.Q.07.6

AM.Q.07.7

AM.Q.13

AM.Q.13.1

Table 6. Air Management Questions

Question

Can your adopted Recommended IT equipment intake air condition be
maintained if you turn off one or more selected CRAC/H units?

Is there any supplemental cooling?

None

In-Row

Modular

Overhead

Rear-Door
Liquid-Cooled Cabinet

Does the CRAC/CRAH/AHU have a free cooling coil (water side
economizer)?

Is there air-side free cooling?
Air Supply Path

Overhead Ducts
Overhead Plenum
Underfloor Plenum
In-Row

Free

Is there a floor-tightness (sealing leaks) program in place?
Degree of sealing for cable penetrations?

Poor to None
Fair
Good

Is the cable build-up in the floor plenum or the over-head plenum more
than 1/3 of the plenum height?

Is there a program in place for regularly managing cables to allow
unobstructed air flow?

Degree that IT equipment is arranged in rows?

Poor to None

Fair

Good
Is there a rack/lineup-tightness (using blanking panels) program in
place?

Data Type

YIN

Select One

YIN

YIN

Select One

YIN

Select One

YIN

YIN

Select One

YIN

Used in
Calcs?

No

No

Yes

Yes

No

No

No

No

No

No

No
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Used in

Question ID Question Data Type Calcs?

AM.Q.13.2 Degree of current implementation of alternating hot and cold aisles? Select One No
Poor to None
Fair
Good
AM.Q.13.2.1 Degree that blanking panels are in place? Select One No
Poor to None
Fair
Good
AM.Q.13.2.3 Supply Air: Where is the supply air placed? Select One No
Cold Aisles Only
Hot Aisles Only
Hot and Cold Aisles
Not Applicable

AM.Q.13.2.4 Is there a diffuser/tile-location (to conserve hot and cold aisles) YIN No
program in place?

AM.Q.13.2.6 Degree to which hot and cold aisles are currently fully enclosed? Select One No
Poor to None
Fair
Good

AM.Q.15 What kind of supply fans are in use? Select One No

Constant Speed
Equipped with VSDs

AM.Q.16 Do some areas of the data center have load densities that are more than 4 YN No
times the average load density?

AM.Q.17 Is the air-delivery system balanced to ensure correct airflow rates? YIN No

AM.Q.18 Is there an air-balancing (allow proper airflow distribution) program in place? | Y/N No
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Nested Questions

. Show
. ? ? 2
If the answer to AM.Q.07 is: Show AM.Q.07.47 AM.Q.07.57 Show AM.Q.07.6? = Show AM.Q.07.77
Overhead Ducts No No No No
Overhead Plenum No Yes Yes Yes
Underfloor Plenum Yes Yes Yes Yes
In-Row No Yes No No
Free No No No No
If the answer to AM.Q.13 is: Show AM.Q.13.1? Show AM.Q.13.2?
Poor to None No No
(hide all AM.Q.13.2.n, too)
Fair Yes Yes
Good Yes Yes
- Show Show Show Show
Ifthe answer 0 AM-Q.18.21s: \y 043949 AMQ13237  AMQ13242 | AM.Q.13.26?
Poor to None No No No No
Fair Yes Yes Yes Yes
Good Yes Yes Yes Yes

Step 2.5. Cooling

Figure 14. Cooling Questions

2.5 Energy Use Systems - Cooling

Cooling System Type? | Chilled Water

Chiller Type:| | Water-Cocled ¥

Chilled Water Supply Temperature?:| | S0F (10C) v

|Previous Section| |

VWater-side economizer:| | Integrated v
' Variable Speed Drive ¥ |

sy v ©

®) L

. Excesds N+1 ¥ |




Question ID

CP.Q.01

CP.Q.01.1

CP.Q.01.2

CP.Q.01.3

CP.Q.01.2.1

CP.Q.01.2.2

CP.Q.01.5

CP.Q.06

CP.Q.07

Table 7. Cooling Questions

Question

Cooling system type?

Air-Cooled DX
Water-Cooled DX
Evaporatively-Cooled DX
Chilled Water

Condenser cooling system

Cooling Tower
Dry Cooler

Chiller type

Air-Cooled
Water-Cooled

Chilled Water Supply Temperature?

45F (7C)
50F (10C)
55F (13C)

Water-side Economizer

None
Integrated
Non-Integrated

Cooling tower fan control

Fixed Speed
Two-Speed Motor
VSD

Type of valves

2-way
3-way

Do you have premium efficiency motors on all cooling supply fans,
pumps, and cooling towers that serve the data center?

What is the redundancy level for HVAC systems?

N

N+1

Exceeds N+1
2N

Data Type

Select One

Select One

Select One

Select One

Select One

Select One

Select One

YIN

Select One

Used in Calcs?

Yes

No

Yes

Yes

Yes

No

No

No

No
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Nested Questions

If the answer to CP.Q.01 is: Show CP.Q.01.1? = Show CP.Q.01.2? = Show CP.Q.01.3? = Show CP.Q.01.5?
Air-Cooled DX No No No No
Water-Cooled DX Yes No No No
Evaporatively-Cooled DX No No No No
Chilled Water No Yes Yes Yes

- Show Show
If the answer to CP.Q.01.2 is: CP.Q.01.2.17 CP.Q.01.2.2?
Air-Cooled No No
Water-Cooled Yes Yes

Step 2.6. IT Equipment Power Chain
Figure 15. IT Equipment Power Chain Questions
2.6 Energy Use Systems - IT Equipment Power Chain

Is there an Uninterruptible Power Supply (UPS)?|  ®ves CNg

UPS Technology Type: | Double Conversion + Fiter ¥ |

UPS Size (KVA)

UPS Voltage:

VWhat i= the average load factor per active UPS
module?

(7]

If a UPS exists but is not used, answer
No

(7)
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Table 8. IT Equipment Power Chain Questions

Question ID Question Data Type Used in Calcs?
ED.Q.01 Is there an Uninterruptible Power Supply (UPS)? YIN Yes
ED.Q.01.1 UPS Technology Type Select One Yes

Double Conversion
Double Conversion + Filter
Delta Conversion

Rotary

ED.Q.01.2 UPS Size (kVA) Select One Yes

50
100
150
225
300
400
500
600
750
800
900
1000

ED.Q.01.3 UPS Voltage Select One Yes

480
208

ED.Q.01.4 What is the average load factor per active UPS module? Select One Yes

1% to 10%

11% to 20%
21% to 30%
31% to 40%
41% to 50%
51% to 60%
61% to 70%
71% to 80%
81% to 90%
91% to 100%

ED.Q.01.5 UPS Redundancy Configuration Select One No
N

N+1
2N
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Question ID

Question

ED.Q.02 Is there a standby generator?
ED.Q.02.1 Standby Generator Power Configuration
N
N+1
2N
ED.Q.02.2 Is there a generator block heater?
ED.Q.02.2.1 Is there a thermostat on the generator block heater?
ED.Q.03 Are there PDUs with built-in transformers?
ED.Q.03.1 What are the types of MV and LV transformer(s)?
Temp rise 80C
Temp rise>80 C
TP1
EPACT 2005
ED.Q.03.2 Average Load Factor per Active PDUs / Transformers?
0% to 24%
25% to 49%
50% to 100%
ED.Q.03.3 What is the load balance between the phases?
<=20%
>20%
Nested Questions
- Show Show Show
fthe answertoED.QOTIS:  epnor12  EDQOT2?  ED.Q.013?
Yes Yes Yes Yes
No No No No
. Show Show
If the answer to ED.Q.02 is: ED.Q.02.12 ED.Q.02.22
Yes Yes Yes
No No No
. Show
If the answer to ED.Q.02.2 is: ED.Q.02.2.17
Yes Yes
No No

Data Type
YIN

Select One

YIN
YIN
YIN

Select One

Select One

Select One

Show
ED.Q.01.47
Yes
No

Used in Calcs?

No

No

No
No
No

No

No

No

Show
ED.Q.01.5?

Yes
No
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- Show Show Show
Ifthe answer 0 ED.QO3is:  £pnn31p  EDQO3.22 ED.Q.03.3?
Yes Yes Yes Yes
No No No No

Step 2.7. Lighting

2.7 Energy Use Systems - Lighting

Figure 16. Lighting Questions

: wattsizg foot ¥ 9

Fluorescent ¥

T8 v

. Electronic v |

' Manual Wall Switch ¥ |

(7)
(7]

Table 9. Lighting Questions

. . Used in
Question ID Question Data Type Calcs?
LT.Q.01 Lighting power density Real Number No
LT.Q.02 [Lighting power density units] Select One No
Watts per square foot
Watts per square meter
LT.Q.03 Lighting Type Select One No
Fluorescent
LED
Other
LT.Q.03.1 What type of lamps are used? Select One No
T-12
T-8
T-5
LT.Q.03.2 What type of ballasts are used? Select One No

Magnetic
Electronic
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Question ID Question Data Type Used in

Calcs?
LT.Q.04 How are the lights controlled? Select One No
Hard-Wired
Manual Wall Switch
Occupancy Sensor
Timer

Nested Questions

Ifthe answer OLTQOS o 1T.Q0312  ShowLT.Q.03.22
Fluorescent Yes Yes
LED No No
Other No No

Calculations

The Profiler takes the some of the user’s inputs from Steps 1 and 2 and refers to look-up tables to determine the default,
estimated data center energy end-use breakouts.

The default breakouts are defined only in terms of percentages — there is no reference to energy type (electricity, fuel, other).
Energy types are addressed in Steps 3 and 4.

The lookup tables are shown in Appendices A, B, and C.

The Cooling System Energy lookup table (Appendix B) was populated by running iterations of a simple data center model in the
EnergyPlus simulation software.

Many of the Step 2 questions address non-homogeneity in the data center, such as varying IT load densities and fighting
humidity controls. In general, the answers to these questions affect only the presentation of recommended actions. They do not
affect the calculation of the default energy end-use breakouts.

The EnergyPlus model assumes a completely homogenous data center. For example:

»  Many real world data centers have more than one type of cooling system serving a single data center space. The
model assumes there is only one type.

» Real world data centers are often a mix of row configurations, rack types, IT equipment types, air management
schemes, high density areas, and low density areas. The model assumes the data center space is completely uniform
in regards to these parameters.

»  The model assumes that the temperature of the air leaving the cooling coils is the same at every coil, and the air
temperature entering the cooling coils is the same at every coil.

When answering the Step 2 questions, the user should select the answer that best represents the majority of the data center

space. Figure 17 shows all of the questions that affect the calculation of the default breakouts. It is followed by an example that
walks through all the steps.
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Figure 17. Default Energy End-Use Breakouts: Calculation Method

Lookup Table: Climate Zones

Input Output

G1.Q.05: State/Region

G1.Q.06: County

Lookup Table: UPS Loss

Input

Output

ED.Q.01: Isthere an
Uninterruptible Power Supply
(UPS)?

ED.L.2: UPS Loss expressed as a
percent of the IT Energy

Constants

IT.L.1: IT power draw is assumed constant, 24/7/365.

L.L.1: Lighting Energy is fixed at 1% of the IT Energy.

ED.L.1: Electric Distribution System Loss (aside from
UPS Loss) is fixed at 2% of the IT Energy.

Lookup Table: Cooling System Energy

Input

Gl.L.1: Climate Zone |—>

Gl.L.1: Climate Zone

EC.Q.01: Supply Air Temperature

Output

EC.Q.02: Return Air Temperature

CP.L.1: Cooling energy expressed as
a percent of the IT Energy

EC.Q.08: Humidification Control

EC.Q.09: Dehumidification Control

CP.L.2: Fan energy expressed asa
percent of the IT Energy

AM.Q.05: Isthere air-side free
cooling?

CP.Q.01: Cooling System Type

CP.Q.01.2: Chiller Type

CP.Q.01.2.1: Water-side
Economizer

CP.Q.01.3: Chilled Water Supply
Temperature

ED.Q.01.1: UPS Technology Type

ED.Q.01.2: UPS Size

ED.Q.01.3: UPS Voltage

ED.Q.01.4: Average load factor per
active UPS module

\ 4

ED.L.2: UPS Loss expressed as a
percent of the IT Energy

— ——
—
>
>
>
| Nommalizing
Calculation
Energy End-Use
Breakouts
»
>
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Example

Assume the user provides the answers shown in Table 10.

Question ID
Gl.Q.07

Question ID
EC.Q.01

EC.Q.02

EC.Q.08

EC.Q.09

Question ID
AM.Q.04

AM.Q.05

Question ID
CP.Q.01

CP.Q.01.2
CP.Q.01.2.1

CP.Q.01.3

Table 10. Default Energy End-Use Breakouts: Example User Inputs

Data Center General Information
Question

Climate Zone

Environmental Conditions
Question

What is a typical (average) air temperature leaving the cooling
coils (supply)?

What is a typical (average) air temperature entering the cooling
coils (return)?

Do you have active, working humidification controls?

Do you have active, working dehumidification controls?

Air Management
Question

Does the CRAC/CRAH/AHU have a free cooling coil (water side
economizer)?

Is there air-side free cooling?

Cooling
Question

Cooling System Type?
Chiller Type
Water-Side Economizer

Chilled Water Supply Temperature?

Answer
3C - Warm/Marine

Answer
65F (18C)

80F (27C)

Yes

Yes

Answer

Yes

Answer
Chilled Water

Air-Cooled
n/a

45F (7C)
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IT Equipment Power Chain

Question ID Question
ED.Q.01 Is there an Uninterruptible Power Supply (UPS)?
ED.Q.01.1 UPS Technology Type
ED.Q.01.2 UPS Size
ED.Q.01.3 UPS Voltage
ED.Q.01.4 What is the average load factor per active UPS module?
Lookups

UPS Efficiency
The Profiler uses the answers to questions...

ED.Q.01

ED.Q.01.1
ED.Q.01.2
ED.Q.01.3
ED.Q.01.4

Answer

Yes
Double Conversion
225
480

31% to 40%

...To look up the UPS Efficiency. See Appendix C. If there is no UPS, the UPS Efficiency is set to 100%. Figure 18 and Table

11 show the results for the current example.

Figure 18. UPS Efficiency Lookup Table Example

Load Facior
Mominal
Capaci Votage | 1% | 11%i0 | 21%fo | 31%f0  41% | 51% 0 | 1% | 71% 0  81%f0 | 91%f0
I.ki,ﬂ;y 2 ype 10% 20% 30% 40% 50% 60% T0% 80% 30% 100%
225 480 | Double Conversion B0.7% | B69% | 902%  S921% | 93.2% | S42% | 955% | 958% | 955% | 953%
Table 11. Lookup Values: UPS Efficiency
Lookup ID Parameter Value
ED.LA1 UPS Efficiency 92.1%
UPS Loss

The UPS Loss is 100% minus the UPS Efficiency.
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Table 12. Lookup Values: UPS Loss

Lookup ID Parameter Value

ED.L2 UPS Loss 100% - 92.1% =7.9%

Electric Distribution System Loss

The electric distribution system is assumed to have a constant loss of 2% of the IT load, regardless of whether a UPS exists or
not. If the user specifies that a UPS does not exist, the Electric Distribution System Loss is set to 2%. Otherwise, 2% is added
to the UPS Loss.

Table 13. Lookup Values: Electric Distribution System Loss

Lookup ID Parameter Value

ED.L3 Electric Distribution System Loss 7.9% + 2% =9.9%

High and Low Electric Distribution System Loss
The Profiler uses GI.L.1, ED.L.1, and the answers to questions...

EC.Q.01
EC.Q.02
EC.Q.08
EC.Q.09
AM.Q.04
AM.Q.05
CP.Q.01
CP.Q.01.2
CP.Q.01.2.1
CP.Q.01.3

...to look up the Supply Fan energy and the Cooling System energy at two different conditions. One condition corresponds to
the Electric Distribution Loss that is lower than ED.L.3 as shown in Table 13. The other condition corresponds to the Electric
Distribution Loss that is higher than ED.L.3. These two conditions are shown as the first and third rows in Figure 19.

For a description of the full Cooling Energy System Lookup Table, see Appendix B.
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Figure 19. Cooling Energy System Lookup Table Example

Model Variables

Annual Energy Use (kWhiyr)

Electric = Chilled

Total Support

EDS Total Cooling Totl Systems
ey | ASHRAE | Cooling Distributon | Water S”/fif'y Air Side "(':”o";fgly Eleotic | Lossas o f::;’gs ( C::”r; Cooling I(_t'g:'f ;aEnzﬁ
Climate System Economizer System | Supply Delta-T ~ IT Load Lights | Distribuon | Percent i P Planta
Number Temp (50=Yes Fans  Percentof ~ Pumps + Comprs +
Zone Type Loss Temp (degF) | *_ SystemLoss | of IT L Percent of
B dea F (deg F) 0=No) Load IT Load | Humidifier + IT Load Pumps +
(k) (deg F) oa Towers) oa Humidifier +
=] = = hd [ SR ol Y ol I ol I Bl il I bl = [ I = L= Towers)|~|
7886/ 3C CHWAir | FixedDryBulb 0 45 65 15 50 8,760,000 8,760 0 0% 1,316,497 15.03% 1428654 16.31% 2,753,911
7934/ 3C CHWAir | FixedDryBulb 0 55 85 20 0 8760,000 8,760 0 0% 941219 10.74% 5519 0.06% 955,498
7951/ 3C CHWAir | FixedDryBulb 150 45 65 15 50 8,760,000 8760 1,314,000  15% 1513763 17.28% 1,506,077  17.19% 4,342,600
Table 14. Lookup Values: High and Low Cooling and Fan Energies
Next Higher =~ Next Lower
Lookup ID Parameter EDS Loss EDS Loss
(15%) (0%)
CP.L1 Total Cooling Plant as a Percent of IT Load 17.19% 16.31%
CP.L2 Supply Fans as a Percent of IT Load 17.28% 15.03%

Whole Data PUE
Center (Whole
(IT Load + Data
Support Center /
Systems) IT Load)
11,513,911 1.31
9,715,498 1.1
13,102,600 1.50
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Potential Breakouts

The Profiler uses the answers presented in Table 10 to look up one other condition in the Cooling System Energy table. This is
the condition where the Total Support System Energy Use is the lowest, in the given Climate Zone, regardless of the answers to

EC.Q.01

EC.Q.02

EC.Q.08

EC.Q.09

AM.Q.05

CP.Q.01

CP.Q.01.2

CP.Q.01.2.1

CP.Q.01.3

For the current example, this is shown as the second row in Figure 19.

Table 15. Lookup Values: Potential Best Fan and Cooling System Percentages

CP.L3 Cooling System energy as a percent of IT Load, corresponding to the condition of 0.06%
minimum Total Support System Energy.

CP.LA Supply Fan energy as a percent of IT Load, corresponding to the condition of 10.74%
minimum Total Support System Energy.
These two values will be used in Step 5 to determine the Potential breakouts.

The Potential breakouts do not take practicality or cost into consideration. They are simply the best-case scenarios the Profiler
has in its lookup tables.

Calculations

Lighting Energy

Annual lighting energy is assumed to be constant at 0.1% of the IT load, for all hours of the year.

Normalize the High and Low Cases

The Profiler takes all of the end-use category energy use percentages, for the both the High and Low Electric Distribution System
Loss cases, and normalizes them so that each set adds up to 100%.

Table 16 and Table 17 each have two sections. The first section shows the energy use of each end-use category in terms of the

IT Load. The second section normalizes the data to express the energy use of each end-use category in terms of the data
center total energy use.
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Table 16. Default Energy End-Use Breakouts: Normalizing Calculation: High EDS Loss

IT Load

Lights

Electric Distribution System Loss
Fan Energy

Cooling and Humidity Control Energy
Total

IT Load

Lights

Electric Distribution System Loss
Fan Energy

Cooling and Humidity Control Energy
Total

Table 17. Default Energy End-Use Breakouts: Normalizing Calculation: Low EDS Loss

IT Load

Lights

Electric Distribution System Loss
Fan Energy

Cooling and Humidity Control Energy
Total

IT Load

Lights

Electric Distribution System Loss
Fan Energy

Cooling and Humidity Control Energy
Total

Interpolation

Breakout Percentages

Breakout Percentages

1.000)(N) / (
0.001)(N) / (
0.150)(N) / (1.496
0.173)(N) / (
JIN)/(

(
(
(
(
(0.472

Total Data Center Energy Use

Call this
(0.001)
(0.150
(CPL2
(CP.L1

—_—— —

1.496
1.496

1.496
1.496

222222
== I===
Z2Z2Z2=22
s e s

Total Data Center Energy Use

Call this
(0.001)(
(0.000)(
(CP.L.2)(
(CP.LA)(

(1.000)(N) / (1.314
(0.001)(N) / (1.314
(0.000)(N) / (1.314
(0.150)(N) / (1.314
(0.163)(N) / (1.314

==
=== ==
222222
s e s

66.84%
0.07%
10.03%
11.56%
11.50%
100.00%

76.10%
0.08%
0.00%

11.42%

12.40%

100.00%

The Profiler takes the Electric Distribution System Loss ED.L.3 in Table 13, and the breakout percentages from Table 16 and
Table 17, to interpolate the final, default energy end-use breakouts, as shown in Table 18.
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Table 18. Default Energy End-Use Breakouts: Interpolation

End Use
IT Load
Lights
Electric Distribution System Loss
Fan Energy

Cooling and Humidity Control Energy
Total

Breakout Percentages

Next Higher
EDS Loss (15%)

66.84%
0.07%
10.03%
11.56%
11.50%
100.00%

PUE = 100% /69.99% = 1.43

Next Lower
EDS Loss
(0%)

76.10%
0.08%
0.00%

11.42%

12.40%

100.00%

Figure 20. Example PUE and Energy Use Breakouts

Power Usage Effectiveness (PUE)

1.44

Annual Data Center Site Energy Use

Usage

A

’-'

M Equipment Lights
M Electric @ Fans @ Cooling
. J

Dollars (Thousands)

Cost
0.05
0.025
1]
-
z £
o o E =
5 & ¥ 3
o A =
o E
(W]

Interpolated
Values

69.99%
0.07%
6.62%

11.51%

11.81%

100.00%
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Step 3 - Supplied Energy (optional)

Steps 3 and 4 are optional. Together, they provide the user with an opportunity to override the default breakouts, in part or in
whole, with data collected from energy meters.

If the user proceeds directly to Step 5 (Results), then the Profiler will present the default energy end-use breakout percentages
determined in Step 2.

If the user skips Step 3 and goes to Step 4, there will be nothing to edit in Step 4.

If the use completes Step 3 and skips Step 4, then Step 5 will present the total measured energy use as reported by the user in
Step 3, but the energy end-use breakouts will still be the defaults from Step 2.

Data Center vs Non-Data Center Energy Use

It is often the case that an existing meter records both data center and non-data center energy use. The user should enter the
meter data anyway; Step 4 provides the opportunity to indicate which portion of a meter’s energy use serves the data center.

Figure 21. Capture All Data Center Energy Use

Data Non-Data
Center Center
End-Use End-Use
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Sub-Meters

The user must take care not to double-count energy use due to submeters. Example:

Figure 22. Avoid Double-Counting Energy Use

Data Data
Center Center
End-Use End-Use

If the user enters the reading from all three meters, the Profiler will sum all three in the calculations, giving erroneous results. In
this example, the user should enter just the main meter, or just the two submeters.

Complete Meter Data

It is not necessary to enter meter readings for every end-use category. The end-use categories are:

 IT Load

» Lights

e Electric Distribution Losses
 Fans

»  Cooling and Humidity Controls
For example, the user may have a meter reading for IT Load, but not the other categories. The user should enter the readings
he has. The Profiler will use the meter readings that are provided, and will use the default breakout estimates from Step 2 for the
remaining categories.
However, it is important that the meter readings for each category be complete. For example, if there is only one meter reading
available, for IT Load only, and only a portion of the IT load is metered, then the user should not enter the meter reading, and
instead allow the Profiler to use the default estimate.

The Step 4 section of this reference provides more instructions.
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User Inputs

When starting a new data center case in the Profiler, the initial Step 3 screen will appear as shown in Figure 23; no meters are
defined.

Figure 23. Supplied Energy: Meter Summary: Initial

3. Supplied Energy (Optional)

Electricity Steam | Chilled Water

Previous Secton] [Next Secton)

Electric Meters

To enter electric meter data, select the Electricity tab. There are five data entry fields per electric meter. When all the fields for a
given meter are filled, click on the “Save” option for that meter.

Table 19. Supplied Energy: Questions per Electric Meter

Code Input Question Data Type %‘Z?gslg
SE.Q.E.M01.01 Electric Meter 1: Meter ID Text No
SE.Q.E.M01.02 Electric Meter 1: Use per Period [value] Real Number Yes
SE.Q.E.M01.03 Electric Meter 1: Use per Period [units] Select One Yes

kWh
MWh
GWh
kJ
MJ
GJ
T

Page 41




Code

SE.Q.E.M01.04

SE.Q.E.M01.05

Code

SE.Q.E.M02.01
SE.Q.E.M02.02
SE.Q.E.M02.03
SE.Q.E.M02.04
SE.Q.E.M02.05

Similar codes for all
additional electric meters

Input Question
Electric Meter 1: Cost per Period [value]
$
Electric Meter 1: Period
Annual

Quarterly
Monthly

Additional electric meters are designated as...

Input Question

Electric Meter 2: Meter ID

Electric Meter 2: Use per Period [value]
Electric Meter 2: Use per Period [units]
Electric Meter 2: Cost per Period [value]
Electric Meter 2: Period

Electric Meter 3, 4, 5, etc.

Example Electric Meter Input

Data Type

Real Number

Select One

Data Type

Text

Real Number
Select One
Real Number
Select One

See above

Used in
Calcs?

Yes

Yes

Used in
Calcs?

No
Yes
Yes
Yes
Yes

See above

Figure 24 shows the completed example electric meter. The values shown are for illustration only. The number of electric

meters and the values for each meter will vary from one data center to another.

Figure 24. Supplied Energy: Electric Meter Example

Fuel Steam Chilled Water
DOptions Meter ID Use per Perigs Units Cost per Peried Period
Edit Delete | Electric Meter 20000 kKWWh 53000 Monthly
Save | Il il v]is| ML v

Performance Summary Update

If an electric meter’s Period is selected as Monthly, DC Pro calculates that meter's annual electricity cost as the Cost per Period

multiplied by 12.
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If an electric meter’s Period is selected as Quarterly, DC Pro calculates that meter’s annual electricity cost as the Cost per Period
multiplied by 4.

Fuel Meters

If the data center is all-electric, then there will be no fuel meter data to enter. The user can leave the fields on this tab blank.

To enter fuel meter data, select the Fuel tab. There are seven data entry fields per fuel meter. (Note the horizontal scroll bar; not
all seven fields are completely visible at the same time.) When all the fields for a given meter are filled, click on the “Save” option
for that meter.

Figure 25. Supplied Energy: Fuel Tab

Electricity Steam Chilled Water

Meter 1D

Fuel Type Use per Peried Units Cost per Peried Peria

Heating Value

Dptisns

Save

| v] | M| |

Table 20. Supplied Energy: Questions per Fuel Meter

Used in
Calcs?

SE.Q.F.M01.01 Fuel Meter 1: Meter ID Text No

Code Input Question Data Type

SE.Q.F.M01.02 Fuel Meter 1: Fuel Type Select One No

Natural gas
#1 Fuel Oil
#2 Fuel Oil
#3 Fuel Oil
#4 Fuel Oil
#5 Fuel Qil
#6 Fuel Oil
#6 Fuel Qil (High sulfur)
Diesel
Kerosene
Propane
Other

SE.Q.F.M01.03 Fuel Meter 1: Heating Value [value] Real Number Yes

The Profiler assumes the value entered in this field
has units of BTUs.

SE.Q.F.M01.04 Fuel Meter 1: Use per Period [value] Real Number Yes
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Used in
Calcs?

SE.Q.F.M01.05 Fuel Meter 1: Use per Period [units] Select One Yes

Code Input Question Data Type

MMBtu

DTh

KCal

GCal

kJ

MJ

GJ

T

MSCF

M3

MGal (US)
MGal (Imperial)
MQt (US)

MQt (Imperial)
kiloLiters

BBL

MBBL

Mib

MMIb

Kg

Short Tons (US)
Long Tons (UK)
Metric Tons

Lb

Gal

SCF

SE.Q.F.M01.06 Fuel Meter 1: Cost per Period [value] Real Number Yes
$

SE.Q.F.M01.07 Fuel Meter 1: Period Select One Yes
Annual

Quarterly
Monthly
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Additional fuel meters are designated as...

. Used in
Code Input Question Data Type Calcs?
SE.Q.F.M02.01 Fuel Meter 2: Meter ID Text No
SE.Q.F.M02.02 Fuel Meter 2: Fuel Type Select One No
SE.Q.F.M02.03 Fuel Meter 2: Heating Value [value] Real Number Yes
SE.Q.F.M02.04 Fuel Meter 2: Use per Period [value] Real Number Yes
SE.Q.F.M02.05 Fuel Meter 2: Use per Period [units] Select One Yes
SE.Q.F.M02.06 Fuel Meter 2: Cost per Period [value] Real Number Yes
SE.Q.F.M02.07 Fuel Meter 2: Period Select One Yes
Similar codes for all Fuel Meter 3, 4, 5, efc. See above See above

additional fuel meters

Example Fuel Meter Input

Figure 26 shows a completed example fuel meter. The values shown are for illustration only. The number of fuel meters and the
values for each meter will vary from one data center to another.

Figure 26. Supplied Energy: Fuel Meter Example

Electricity I Steam Chilled Water

DOptiens Meter ID Fuel Type Heating Value | Use per Peried Units Cost per Period
Edit Delete MS[’: Matural Gas 1032 10000 SCF $1000
swe | [ ]| v [ |l vl s | L
< >

Performance Summary Update

If a fuel meter’s Period is selected as Monthly, DC Pro calculates that meter’s annual fuel cost as the Cost per Period multiplied
by 12.

If a fuel meter’s Period is selected as Quarterly, DC Pro calculates that meter's annual fuel cost as the Cost per Period multiplied
by 4.
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Steam Meters

Typically, the only need for steam in a data center is for humidity control; ie, humidifying air that is deemed too dry. Typically,
steam is generated on-site via electric or fuel-powered humidifiers or steam boilers. In these cases, the electricity or fuel used to
generate the steam should be accounted for in the Electricity or Fuel tabs, and the Steam tab left blank.

However, some data centers have access to steam that is generated off-site. If the data center in question uses steam from an
off-site source, and the steam use of the site is recorded by a steam meter, then the user can enter the steam meter data here.

To enter steam meter data, select the Steam tab. There are five data entry fields per steam meter. When all the fields for a

given meter are filled, click on the “Save” option for that meter.

Figure 27. Supplied Energy: Steam Meter Tab

Electricity Fuel Steam Chilled Water

Options | Meter 1D Steam (Avyg./Peried) Cost per Period Period
sse | [ |use] || v]|s| I[N v
Table 21. Supplied Energy: Questions per Steam Meter
Code Input Question Data Type
SE.Q.S.M01.01 Steam Meter 1: Meter ID Text
SE.Q.S.M01.02 Steam Meter 1: Use per Period [value] Real Number
SE.Q.S.M01.03 Steam Meter 1: Use per Period [units] Select One
MMBtu
DTh
KCal
GCal
kJ
MJ
GJ
T
kib
MMIb
Kg
Short Tons (US)
Long Tons (UK)
Metric Tons
Lb
SE.Q.S.M01.04 Steam Meter 1: Cost per Period [value] Real Number
$

Used in
Calcs?

No
Yes

Yes

Yes
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Code

SE.Q.S.M01.05

Code

SE.Q.5.M02.01
SE.Q.5.M02.02
SE.Q.S.M02.03
SE.Q.5.M02.04
SE.Q.S.M02.05

Similar codes fo

Input Question
Steam Meter 1: Period

Annual
Quarterly
Monthly

Additional steam meters are designated as...

Input Question

Steam Meter 2: Meter ID

Steam Meter 2: Use per Period [valug]
Steam Meter 2: Use per Period [units]

Steam Meter 2: Cost per Period [value]
Steam Meter 2: Period

rall Steam Meter 3, 4, 5, etc.

additional steam meters

Example Steam Meter Input

Data Type

Select One

Data Type

Text

Real Number
Select One
Real Number
Select One

See above

Used in
Calcs?

Yes

Used in
Calcs?

No
Yes
Yes
Yes
Yes

See above

Figure 28 shows a completed example steam meter. The values shown are for illustration only. The number of steam meters
and the values for each meter will vary from one data center to another.

Figure 28. Supplied Energy: Steam Meter Example

Electricity Fuel Chilled Water

Options Meter ID Steam (Avey./Peried) Ceost per Period Peried
Edit Delete Steam Meter Use 1540 Lb 5120 Quarterly
S I | V]| s P

Performance Summary Update

If a steam meter’s Period is selected as Monthly, DC Pro calculates that meter’s annual steam cost as the Cost per Period

multiplied by 12.

If a steam meter’s Period is selected as Quarterly, DC Pro calculates that meter’s annual steam cost as the Cost per Period

multiplied by 4.
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Chilled Water Meters

Typically, for data centers that use chilled water for cooling, the chilled water is created on-site via electric or fuel-powered
chillers. In these cases, the electricity or fuel used to create the chilled water should be accounted for in the Electricity or Fuel
tabs, and the Chilled Water tab left blank.

However, some data centers have access to chilled water that is generated off-site. If the data center in question uses chilled
water from an off-site source, and the chilled water use of the site is recorded by a chilled water meter, then the user can enter
the chilled water meter data here.

To enter chilled water meter data, select the Chilled Water tab. There are five data entry fields per chilled water meter. When all
the fields for a given meter are filled, click on the “Save” option for that meter.

Figure 29. Supplied Energy: Chilled Water Tab

Electricity Fuel Steam Chilled Water

Optiens Meter 1D Use per Period Units Cost per Period Period
ssve || (S i vifs| P v
Table 22. Supplied Energy: Questions per Chilled Water Meter
. Used in
Code Input Question Data Type Calcs?
SE.Q.C.M01.01 Chilled Water Meter 1: Meter ID Text No
SE.Q.C.M01.02 Chilled Water Meter 1: Use per Period [value] Real Number Yes
SE.Q.C.M01.03 Chilled Water Meter 1: Use per Period [units] Select One Yes
ton-hours
MMBtu
SE.Q.C.M01.04 Chilled Water Meter 1: Cost per Period [value] Real Number Yes
$
SE.Q.C.M01.05 Chilled Water Meter 1: Period Select One Yes
Annual
Quarterly
Monthly
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Additional chilled water meters are designated as...

, Used in
Code Input Question Data Type Calcs?

SE.Q.C.M02.01 Chilled Water Meter 2: Meter ID Text No
SE.Q.C.M02.02 Chilled Water Meter 2: Use per Period [valug] Real Number Yes
SE.Q.C.M02.03 Chilled Water Meter 2: Use per Period [units] Select One Yes
SE.Q.C.M02.04 Chilled Water Meter 2: Cost per Period [value] Real Number Yes
SE.Q.C.M02.05 Chilled Water Meter 2: Period Select One Yes
Similar codes for all Chilled Water Meter 3, 4, 5, etc. See above See above
additional chilled water

meters

Example Chilled Water Meter Input

Figure 30 shows a completed example chilled water meter. The values shown are for illustration only. The number of chilled
water meters and the values for each meter will vary from one data center to another.

Figure 30. Supplied Energy: Chilled Water Meter Example

Electricity Fuel Steam Chilled Water

Optiens Meter ID Use per Period Units Cost per Peried Period
Edit Delete | Chilled Water Meter 1200 Ton-Hours 5500 Monthly
Seve | SN I v]is| I v

Performance Summary Update

If a chilled water meter’s Period is selected as Monthly, DC Pro calculates that meter’'s annual chilled water cost as the Cost per
Period multiplied by 12.

If a chilled water meter’s Period is selected as Quarterly, DC Pro calculates that meter’s annual chilled water cost as the Cost per
Period multiplied by 4.

Calculations

Other than normalizing the energy cost of each meter to one year, there are no calculations performed in Step 3. Step 3 is
mainly a data entry step.
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Step 4 - Energy Use Distribution (optional)

Step 4 serves two functions. First, it determines the annual energy use for each meter entered in Step 3. Second, it provides
the user with the opportunity to distribute the annual energy use for each meter across the different end-use categories.

Initial Calculations

Annual Energy Use

In Step 3, the user designated the recorded energy use at each meter as monthly, quarterly, or annual. If the user selected
monthly or quarterly, the Profiler extrapolates to obtain the annual energy use. There are no adjustments for weather or
occupancy schedules or load variations. If one month of energy use at a given meter was entered as X, then the annual use for

that meter is simply 12X.

When entering Step 4, the screen shown in Figure 31 is shown. In each tab, all the meters entered in Step 3 are shown, and the
annual energy use for each meter.

Figure 31. Energy Use Distribution: Initial Display

4. Energy Use Distribution {(Optional)

Use these screens to allocate the annual energy use for each meter identified in Step 3 across the Energy End-Use
Breakout Categories. If you do not know what the allocations are for a given meter, it is OK to skip this screen or enter

estimates. \2)

All of the energy use for a given meter does not have to be allocated to the breakout categories. If the meter serves
more than just the data center, it is OK to leave a portion of the energy in the Remainder column.

Once you have entered values for your breakouts, please click the Recalculate button to get your new Totals for each

category.
Electricity Fuel | Steam Chilled Water
Total Site Energy End-Use Breakout Categories [Recalculate
Annual
Meter Site Electric Cooling & Site Ene
o Energy IT Load Lights Distribution Fans Humidity Related
Use Losses Controls Cer

KWhiyr | KWhiyr % KWhiyr % KWhiyr % KWhiyr % KWhiyr % KWhiyr
Blectric| 405 oon |[@15500 I [Fiie0 | [EE640 | 70200 599,840.0

Ideter
Totals 415800 [69.3%| 4140 0% 41,160 | 69% | 68,640 [11.4%| 70200 |11.7%| 599940

Previous Secfion| |[Mext Section|
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For the calculated Total Annual Energy Use values on this screen, the Profiler first uses the corresponding per-meter Periods...

SE.Q.E.Mnn.05
SE.Q.F.Mnn.07
SE.Q.S.Mnn.05
SE.Q.C.Mnn.05

...from Step 3 to look up the number of periods per year for each meter:
Annual: 1 period per year

Quarterly: 4 periods per year
Monthly: 12 periods per year

Table 23. Energy Use Distribution: Per-Meter Total Energy Use Calculation

Electric Meters

Code Name Calculation
DE.C.E.M01.01 Electric Meter 1: Total Annual Electric Meter 1 Use per Period [SE.Q.E.M01.03], converted to
Energy Use kWh/yr, times the number of periods per year for Electric Meter 1.
DE.C.E.M02.01 Electric Meter 2: Total Annual Electric Meter 2 Use per Period [SE.Q.E.M02.03], converted to
Energy Use kWhiyr, times the number of periods per year for Electric Meter 2.
Similar codes for all Row 3, 4, 5, etc. See above.
additional electric
meters
Fuel Meters
Code Name Calculation
DE.C.F.M01.01 Fuel Meter 1: Total Annual Fuel Meter 1 Use per Period [SE.Q.F.M01.06], converted to kWhlyr,
Energy Use times the number of periods per year for Fuel Meter 1.
DE.C.F.M02.01 Fuel Meter 2: Total Annual Fuel Meter 2 Use per Period [SE.Q.F.M02.06], converted to kWhiyr,
Energy Use times the number of periods per year for Fuel Meter 2.
Similar codes for all Row 3, 4, 5, etc. See above.

additional fuel meters
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Steam Meters

Code Name Calculation
DE.C.S.M01.01 Steam Meter 1: Total Annual Steam Meter 1 Use per Period [SE.Q.S.M01.03], converted to
Energy Use kWh/yr, times the number of periods per year for Steam Meter 1.
DE.C.S.M02.01 Steam Meter 2: Total Annual Steam Meter 2 Use per Period [SE.Q.S.M02.03], converted to
Energy Use kWhiyr, times the number of periods per year for Steam Meter 2.
Similar codes for all Row 3, 4, 5, etc. See above.
additional steam
meters
Chilled Water Meters
Code Name Calculation
DE.C.C.M01.01 Chilled Water Meter 1: Total Chilled Water Meter 1 Use per Period [SE.Q.C.M01.03], converted
Annual Energy Use to kWh/yr, times the number of periods per year for Chilled Water
Meter 1.
DE.C.C.M02.01 Chilled Water Meter 2: Total Chilled Water Meter 2 Use per Period [SE.Q.C.M02.03], converted
Annual Energy Use to kWh/yr, times the number of periods per year for Chilled Water
Meter 2.
Similar codes for all Row 3, 4, 5, etc. See above.
additional chilled water
meters

Energy End-Use Breakouts

It is up to the user to report the full energy use of every energy end-use category related to the data center. This can only be
done if all of the meters serving each data center end-use category are entered in Step 3. Example:
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Figure 32. Do Submeters Provide Full Coverage?

Data
Center
End-Use

Data
Center
End-Use

Non-Data
Center
End-Use

In Step 3, if the user enters the reading from the sub-meter only, and not the main meter, then the data center end-use (in this
example) will be under-represented in the results. The preferred solution in this case is to enter the reading from the main meter

only, and distribute the main meter use to data center and non-data center end-uses as appropriate.
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User Inputs

This manual provides examples of meter data entry. Figure 33 shows a summary of the example meters. (All values shown are

in units of kWh per year.) The meter totals were entered in Step 3.

Figure 33. Supplied Energy: Example

600,000 3,026 2,038 50,674
Electric Fuel Steam cwh"tf
Meter lleter Meter “
Meter
10,135
1,631
2,124
71,882
40,540
408 v
303
528,118
360,000 50,000 39,468 68,650 10,000
A\ 4 y A\ 4 A \ 4 vV Y A\ 4 Non-Data Center Space
IT Eauioment Data Center DaEhieS:z ber Data Center Data Center Cooling &
upm Lighfing T Fans Energy Humidity Confrol
Energy Use Energy Use Distribulion Use Systems Energy Use
9y System Loss ys 9y
Data Center Space

Electric Meters

There are ten input fields that can be modified, per meter. The Profiler initially assumes that all of the energy use of each electric
meter reported in Step 3 is data center energy use, and it applies the default energy end use breakouts from Step 2 to each
meter. The breakout categories are:

e T Load
» Lights

»  Electric Distribution Losses

e Fans

»  Cooling and Humidity Controls
*  Remainder (Non-Data Center Use)

There may be an initial small amount of energy showing in the Remainder category, due to round-off error.
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Figure 34. Energy Use Distribution: Electric Meters: Breakout Questions

Electricity Fuel | Steam Chilled Water

Total Site Energy End-Use Breakout Categories
Meter Arsl?l:ﬂl Electric Cooling & Site Energy Use R:mai[rlld;r
D Energy IT Load Lights Distribution Fans Humidity Related to Data | | ge“'n b:r
Use Losses Controls Center Use)
kWhiyr | KWhiyr % KWhiyr £ KWhiyr % KWhiyr % KWhiyr % KWWhiyr % KWhiyr | %
Electrc | 600,000 (475800 ] @14 | SR [6e6an | [fozoo_ | 599,940.00 [100%| 60 |0%
Totals 415,800 |69.3% 4 140 0% 41,160 69% | 65,640 |114%( 70200 |11.7% 599940 [100% | &0 0%
Table 24. Energy Use Distribution: Electric Meters: Breakout Questions
) Used in
Code Input Question Data Type Calcs?
DE.Q.E.M01.01 Electric Meter 1: IT Load [usage] Real Number Yes
DE.Q.E.M01.02 Electric Meter 1: IT Load [%)] Percent Yes
DE.Q.E.M01.03 Electric Meter 1: Lights [usage] Real Number Yes
DE.Q.E.M01.04 Electric Meter 1: Lights [%)] Percent Yes
DE.Q.E.M01.05 Electric Meter 1: Electric Distribution Losses [usage] Real Number Yes
DE.Q.E.M01.06 Electric Meter 1: Electric Distribution Losses [%] Percent Yes
DE.Q.E.M01.07 Electric Meter 1: Fans [usage] Real Number Yes
DE.Q.E.M01.08 Electric Meter 1: Fans [%)] Percent Yes
DE.Q.E.M01.09 Electric Meter 1: Cooling & Humidity Controls [usage] Real Number Yes
DE.Q.E.M01.10 Electric Meter 1: Cooling & Humidity Controls [%)] Percent Yes
Additional electric meters are designated as...
) Used in
Code Input Question Data Type Calcs?
DE.Q.E.M02.01 Electric Meter 2: IT Load [usage] Real Number Yes
DE.Q.E.M02.02 Electric Meter 2: IT Load [%)] Percent Yes
DE.Q.E.M02.03 Electric Meter 2: Lights [usage] Real Number Yes
DE.Q.E.M02.04 Electric Meter 2: Lights [%] Percent Yes
DE.Q.E.M02.05 Electric Meter 2: Electric Distribution Losses [usage] Real Number Yes
DE.Q.E.M02.06 Electric Meter 2: Electric Distribution Losses [%] Percent Yes
DE.Q.E.M02.07 Electric Meter 2: Fans [usage] Real Number Yes
DE.Q.E.M02.08 Electric Meter 2: Fans [%)] Percent Yes
DE.Q.E.M02.09 Electric Meter 2: Cooling & Humidity Controls [usage] Real Number Yes
DE.Q.E.M02.10 Electric Meter 2: Cooling & Humidity Controls [%)] Percent Yes
Similar codes for all  Electric Meter 3, 4, 5, etc. See above See above

additional electric
meters
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Distribution Calculations: Electric Meters

If an electric meter serves both data center and non-data center uses, it is up to the user to distinguish between the two.

The user is free to modify the values in any of the five active kWh/yr fields for any of the meters. If the new sum of kWh/yr for a
given meter is less than the Total Annual Energy Use shown for the given meter, then the difference is assigned to Remainder

(Non-Data Center Use). The Profiler calculates and shows the new values in the Percent columns.

The Profiler does not prevent the user from entering kWh/yr values that sum to more than the Total Energy Use for the given
meter. However, if the user selects “Recalculate” at this point, an error message will be presented.

The user is also free to modify the values in any of the five active percentage fields for any meter. If the new sum of percentages
for a given meter is less than 100%, then the difference is assigned to Remainder (Non-Data Center Use). The Profiler
calculates and shows the new values in the kWh/yr columns.

The Profiler does not prevent the user from entering percentages that sum to more than 100% for a given meter. However, if the
user selects “Recalculate” at this point, an error message will be presented.

If the user modifies both the kWh/yr and the percentage values, the kWh/yr values take precedence.

Example: Electric Meters

In this hypothetical example, Electric Meter 01 is the only electric meter serving the building. The building contains a data center
and offices. The user entered the meter reading in Step 3.

Figure 34 shows the entire building’s annual electric use distributed to data center end uses only, with no remainder. The user
estimates the actual electric use as follows:

IT 360,000 kWh/yr

Lights 50,000 kWh/yr

Electric Distribution Losses Not sure; leaves this at the default value.
Fans Not sure; leaves this at the default value.
Cooling & Humidity Controls 10,000 kWh/yr

When the user clicks the Recalculate button, the screen appears as shown in Figure 35. The values in the Remainder column
now represent the electric energy use of all the non-data center spaces in the building.

Figure 35. Energy Use Redistribution Example: Electric Meters

Electricity Fuel Steam Chilled Water

Total Site Energy End-Use Breakout Categories [Recalculate]
Annual
Meter Site Electric ool Site Energy Use | Remainder
[[s] Energy IT Load Lights Distribution Fans Humidity
T Losses Controls Related to Data {Non-Data

Center Center Use)
KWhiyr | KWRiyr % KWWhJyr % KWWhiyr % KWhiyr % kWhiyr % KWhiyr o KWhiyr | %
Electric

Moter | 500,000 [360000 | [sonoo | 41180 | 640 | [toooo | || 529.800.00 | 35.3% | 70.200| 11.7%

Totals 360,000 | 60% | 50000 (8.3% | 41160 |6.9% | 65640 |11.4%| 10000 |(1.7%

529,800 (88.3% (70,200 11.7%

The performance summary at the right side of the screen will also be refreshed, after the user clicks the Next Section button and
answers Yes to the question “Would you like to save your data before you continue?” The annual data center electric cost now
appears in the Cost Chart.
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Figure 36. Energy Use Redistribution Example: Electric Meters: Performance Update

Power Usage Effectiveness (PUE)

1.62

Annual Data Center Site Energy Use

B Equipment
0 Electric [ Fans @ Cooling

Dollars

Table 25 shows how the new PUE is calculated.

Usage

A

7

Lights

Cost
75k
50k
o
@
@
25k
[Ty ]
Ok
o
B =1
g8 - = £
= = a
g & & 3
L v =
o =
[

Table 25. Energy Use Redistribution Example: Electric Meters: Calculations

Default

Energy End-Use Category Breakouts
1 |IT 69.99%
2 |Lights 0.07%
3 Electric Distribution Loss 6.62%
4 Fans 11.51%
5 | Cooling & Humidity Control 11.81%
6 Total Data Center 100.00%
7 Non-Data Center ("Remainder")
8 |Total Meter Reading
9 PUE

C

Electric
Meters

360,000
50,000
39,468
68,650
10,000

528,118
71,882

600,000

D E F G H
Annual Energy Use From Step 4
(kWhyr)
) For
Fuel Steam Chilled | Toal Al Metered
Water Meter
Meters = Meters Meters Tyoes Energy
yp Reported
" 360,000 68.17%
" 50,000 9.47%
T 30468  7.47%
" 68,650 13.00%
" 10,000 1.89%
528,118 100.00%

| J K
Data Center Breakouts
Defaults for End

Uses Where )

Metered Data Totals | Normalized
NotReported

68.17% 62.02%
9.47% 8.61%
T747% 6.80%
13.00% 11.83%
9.92%  11.81% 10.74%
109.92% 100.00%
1.61
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Column B
These are the default energy end-use percentages from Step 2.

Columns C, D, E, F
This is the user’s input data from Step 4. At this stage of our example, the user has distributed only the electric meter data.

Column G
Sums the energy use from all meters, for each end-use category.

Columns H, I, J, K
These columns adjust the breakouts based on the user’s inputs in Step 4.

Column H
The meter energy from Column G is expressed as a percent of the total meter energy use reported (cell G6).

Column |
If the user reported meter data in Step 3 for fuel or steam or chilled water, but has not yet distributed the meter data in Step 4,

then the value in cell 15 is the difference between the default breakout (cell B5) and the total measured breakout reported so far
(cell H5). In this example, 11.81% - 1.89% = 9.92%.

Column J
Sums the values from columns H and I.

Column K
The percent values in Column K are normalized by dividing them by the value in cell J6.

PUE
The annual average Power Utilization Effectiveness of the data center is calculated as

(IT Energy Use + Cooling & Humidity Control Energy Use + Fans Energy Use + Electric Distribution Loss +
Lighting Energy Use) / (IT Energy Use)

or simply, cell K7 / cell K1.

Fuel Meters

There are two input fields that can be modified, per meter. The Profiler initially assumes that all of the fuel use reported in Step 3
is data center energy use, and that all of it occurs in the Cooling & Humidity Controls end-use category.

Figure 37. Energy Use Distribution: Fuel Meters: Breakout Questions

Electricity Steam Chilled Water

Site Energy End-Use Breakout Categories Recalculate
Total Annual Site Site Energy Use | Remainder
Meter ID Energy Use Cooling & Humidity Controls |Related to Data | (Mon-Data Center
Center Use)
kWhiyr KWhiyr % KWhiyr % KWhiyr %
Gas Meter 3026.83 [3026.83 | [100%] 3026.83 [100 |.00 0%
Totals 3,026.83 100% 3,026.83 |100% 0%
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Table 26. Energy Use Distribution: Fuel Meters: Breakout Questions

. Used in
Code Input Question Data Type Calcs?
DE.Q.F.M01.01 Fuel Meter 1: Cooling & Humidity Controls [usage] Real Number Yes
DE.Q.F.M01.02 Fuel Meter 1: Cooling & Humidity Controls [%] Percent Yes
Additional fuel meters are designated as...
) Used in
Code Input Question Data Type Calcs?
DE.Q.F.M02.01 Fuel Meter 2: Cooling & Humidity Controls [usage] Real Number Yes
DE.Q.F.M02.02 Fuel Meter 2: Cooling & Humidity Controls [%] Percent Yes
Similar codes forall ~ Fuel Meter 3, 4, 5, etc. See above See above
additional fuel

meters

Distribution Calculations: Fuel Meters

If a fuel meter serves both data center and non-data center uses, it is up to the user to distinguish between the two.

The user is free to modify the value in the active kWh/yr field for each meter. If the new value of kWh/yr is less than the Total
Annual Energy Use shown for the given meter, then the difference is assigned to Remainder (Non-Data Center Use). The

Profiler calculates and shows the new values in the Percent columns.

The Profiler does not prevent the user from entering a kWh/yr value greater than the Total Energy Use for the given meter.
However, if the user selects “Recalculate” at this point, an error message will be presented.

The user is also free to modify the value in the active percentage field. If the new percentage is less than 100%, then the
difference is assigned to Remainder (Non-Data Center Use). The Profiler calculates and shows the new values in the kWh/yr
columns.

The Profiler does not prevent the user from entering a value greater than 100%. However, if the user selects “Recalculate” at
this point, an error message will be presented.

If the user modifies both the kWh/yr and the percentage values, the kWh/yr values take precedence.

Example: Fuel Meters

In this hypothetical example, the natural gas meter serves only a steam boiler. The boiler creates steam for data center use
(humidifiers) and non-data center use (space heating). The user entered the gas meter reading in Step 3.

Figure 37 shows all of the gas going to data center end uses, with no remainder for non-data center uses. The user estimates
that the data center uses 10% of the natural gas, and assigns that amount of use to the Cooling and Humidity Controls category.

When the user clicks the Recalculate button, the screen appears as shown in Figure 38. The values in the Remainder column
now represent the fuel energy use of all the non-data center spaces in the building.
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Figure 38. Energy Use Redistribution Example: Fuel Meters

Electricity Fuel Steam Chilled Water
Site Energy End-Use Breakout Categories Recalculate

Total Annual Site Site Energy Use | Remainder

Meter ID Energy Use Cooling & Humidity Controls |Related to Data | (Mon-Data Center
Center Use)

KWhiyr KWhiyr % KWhiyr % KWhiyr %
Gas Meter 3026.83 [30268 | [10% | 302.68 10 272415 [90%
Totals 302.88 10% 30268 10% |2,72415 |90%

The performance summary at the right side of the screen will also be refreshed, after the user clicks the Next Section button and
answers Yes to the question “Would you like to save your data before you continue?” The annual data center fuel cost now
appears in the Cost Chart. If the fuel cost is very small in relation to the cost of the other types of energy, it may not be visible in

the chart. Hover your pointer over the chart, and a box will appear showing the supplied energy type and its annual cost.

Figure 39. Energy Use Redistribution Example: Fuel Meters: Performance Update

Power Usage Effectiveness (PUE)

1.61

Annual Data Center Site Energy Use

Usage

A

b

M Equipment

0 Electric [ Fans B Cooling

Lights

Cost

30k

Dollars

25k

Ok

Electricity 52,980

Fuel

Steam

Chilled Water
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Table 27 shows how the new PUE is calculated.
Table 27. Energy Use Redistribution Example: Fuel Meters: Calculations

A B C D E F G H | J K

Annual Energy Use From Step 4 Data Center Breakouts

(kWh/yr)
Default
Energy End-Use Categor ; For | Defaults for End
¥ o Breakouts Electric Fuel Steam Chiled | Tol Al Metered | Uses Where )
Water Meter Totals | Normalized
Meters | Meters = Meters Meers | Types Energy | Metered Data
Reported | NotReported
1 |IT 69.99% | 360,000 " 360,000 68.13% 68.13% 62.01%
2 Lights 0.07% 50,000 " 50,000 9.46% 9.46% 8.61%
3 Electric Distribution Loss 6.62% 39,468 " 39,468 7.47% 7.47% 6.80%
4 Fans 11.51% 68,650 " 68,650 12.99% 12.99% 11.83%
5 | Cooling & Humidity Control 11.81% 10,000 303 " 10,303 1.95% 9.86% 11.81% 10.75%
6 Total Data Center 100.00% | 528,118 303 528,421 100.00% 109.86% 100.00%
7 Non-Data Center ("Remainder") 71,882 2,724
8 |Total Meter Reading 600,000 3,027
9 PUE 1.61
Column B

These are the default energy end-use percentages from Step 2.

Columns C, D, E, F
This is the user’s input data from Step 4. At this stage of our example, the user has distributed the electric and fuel meter data.

Column G
Sums the energy use from all meters, for each end-use category.

Columns H, I, J, K
These columns adjust the breakouts based on the user’s inputs in Step 4.

Column H
The meter energy from Column G is expressed as a percent of the total meter energy use reported (cell G6).

Column |

If the user reported meter data in Step 3 for steam or chilled water, but has not yet distributed the meter data in Step 4, then the
value in cell 15 is the difference between the default breakout (cell B5) and the total measured breakout reported so far (cell H5).
In this example, 11.81% - 1.95% = 9.86%.

Column J
Sums the values from columns H and I.

Column K
The percent values in Column K are normalized by dividing them by the value in cell J6.

PUE
The annual average Power Utilization Effectiveness of the data center is calculated as cell K7 / cell K1.
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Steam Meters

There are two input fields that can be modified, per meter. The Profiler initially assumes that all of the steam use reported in
Step 3 is data center energy use, and that all of it occurs in the Cooling & Humidity Controls end-use category.

Figure 40. Energy Use Distribution: Steam Meters: Breakout Questions

Electricity Fuel Chilled Water

Site Energy End-Use Breakout Categories FRecalculate
Total Annual Site Site Energy Use | RRemainder
Meter ID Energy Use Cooling & Humidity Controls |Related to Data | {Mon-Data Center
Center Use)
KWhiyr KWhiyr % KWhiyr | % KWhiyr %
Steam Meter 2039.94 [2039.94 | [1003¢] 2039.94 |100 |.00 0%
Totals 2,039.94 100% 2,039.94 [100% 0%

Table 28. Energy Use Distribution: Steam Meters: Breakout Questions

. Used in
Code Input Question Data Type Calcs?
DE.Q.S.M01.01 Steam Meter 1: Cooling & Humidity Controls [usage] Real Number Yes
DE.Q.S.M01.02 Steam Meter 1: Cooling & Humidity Controls [%] Percent Yes
Additional steam meters are designated as...
) Used in
Code Input Question Data Type Calcs?
DE.Q.S.M02.01 Steam Meter 2: Cooling & Humidity Controls [usage] Real Number Yes
DE.Q.S.M02.02 Steam Meter 2: Cooling & Humidity Controls [%] Percent Yes
Similar codes forall = Steam Meter 3, 4, 5, efc. See above See above
additional steam

meters

Distribution Calculations: Steam Meters
If a steam meter serves both data center and non-data center uses, it is up to the user to distinguish between the two.

The distribution calculations for the steam meters are the same as for the fuel meters.
Example: Steam Meters

In this hypothetical example, there is only one steam meter. The steam is used for data center use (humidifiers) and non-data
center use (space heating). The user entered the steam meter reading in Step 3.
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Figure 40 shows all of the steam going to data center end uses, with no remainder for non-data center uses. The user estimates
that the data center uses 20% of the steam, and assigns that amount of use to the Cooling and Humidity Controls category.

When the user clicks the Recalculate button, the screen appears as shown in Figure 41. The values in the Remainder column
now represent the steam energy use of all the non-data center spaces in the building.

Electricity Fuel Chilled Water

Figure 41. Energy Use Redistribution Example: Steam Meters

Total Annual Site

Site Energy End-Use Breakout Categories |[Recalculate

Site Energy Use

Remainder

Meter ID Energy Use Cooling & Humidity Controls |Related to Data | (Non-Data Center
Center Usze)
kWhiyr KWhiyr % KWhiyr  [% KWhiyr %
Steam Meter 2039.94 [¢0789 | [20% ] 407.99 20 163195 |30%
Tofals 407 99 20% 407.99 20% [163195 |[80%

The performance summary at the right side of the screen will also be refreshed, after the user clicks the Next Section button and
answers Yes to the question “Would you like to save your data before you continue?” The annual data center steam cost now
appears in the Cost Chart. If the steam cost is very small in relation to the cost of the other types of energy, it may not be visible
in the chart. Hover your pointer over the chart, and a box will appear showing the supplied energy type and its annual cost.
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Figure 42. Energy Use Redistribution Example: Steam Meters: Performance Update

Power Usage Effectiveness (PUE)

1.61

Annual Data Center Site Energy Use

Usage

A

b

M Equipment

Cost
75k

30k

Dollars

25k

Ok

Fuel

Electricity 52,980

Table 29 shows how the new PUE is calculated.

Energy End-Use Category

Electric Distribution Loss

Cooling & Humidity Control
Total Data Center

Lights
0 Electric [ Fans B Cooling

Steam

Chilled Water

Table 29. Energy Use Redistribution Example: Steam Meters: Calculations

| J
Data Center Breakouts
Defaults for End
Uses Where
Metered Data Totals
Not Reported
68.07%
9.45%
7.46%
12.98%
9.78% 11.81%
109.78%

Non-Data Center ("Remainder")
Total Meter Reading
PUE

O 0 N OB W=

B C D E F G H
Annual Energy Use From Step 4
(kWh/yr)
Default ) For
Breakous | Ejectic Fuel Steam Chiled | Tol Al Metered
Water Meter
Meters | Meters = Meters Meers | Types Energy
P Reported
69.99% 360,000 " 360,000 68.07%
0.07% 50,000 " 50,000 9.45%
6.62% 39,468 " 39,468 7.46%
11.51% 68,650 " 68,650 12.98%
11.81% 10,000 303 408 " o107 2.03%
100.00% | 528,118 303 408 528,829/ 100.00%
71,882 2,724 2,724
600,000 3,027 3,132

Normalized

62.01%
8.61%
6.80%

11.82%

10.76%

100.00%

1.61
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Column B
These are the default energy end-use percentages from Step 2.

Columns C, D, E, F
This is the user’s input data from Step 4. At this stage of our example, the user has distributed electric, fuel, and steam meter
data.

Column G
Sums the energy use from all meters, for each end-use category.

Columns H, I, J, K
These columns adjust the breakouts based on the user’s inputs in Step 4.

Column H
The meter energy from Column G is expressed as a percent of the total meter energy use reported (cell G6).

Column |

If the user reported meter data in Step 3 for chilled water, but has not yet distributed the meter data in Step 4, then the value in
cell I5 is the difference between the default breakout (cell B5) and the total measured breakout reported so far (cell H5). In this
example, 11.81% - 2.03% = 9.78%.

Column J
Sums the values from columns H and I.

Column K
The percent values in Column K are normalized by dividing them by the value in cell J6.

PUE
The annual average Power Utilization Effectiveness of the data center is calculated as cell K7 / cell K1.
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Chilled Water Meters

There are two input fields that can be modified, per meter. The Profiler initially assumes that all of the chilled water use reported
in Step 3 is data center energy use, and that all of it occurs in the Cooling & Humidity Controls end-use category.

Figure 43. Energy Use Distribution: Chilled Water Meters: Breakout Questions

Electricity Fuel Steam Chilled Water

Total Annual Site

Site Energy End-Use Breakout Categories Recalculate

Site Energy Use

Remainder

Meter ID Energy Use Cooling & Humidity Controls |Related to Data | (Non-Data Center
Center Use)
kWhiyr KWhiyr % KWhiyr % KWhiyr %
Chilled Water Meter 5063176 [50681.76] [100%] 5068176 (100 | .00 0%
Tofals 50.681.76 100% 50,681.76 |100% 0%

Code

DE.Q.C.M01.01
DE.Q.C.M01.02

Code

DE.Q.C.M02.01
DE.Q.C.M02.02

Similar codes for all

additional chilled
water meters

Table 30. Energy Use Distribution: Chilled Water Meters: Breakout Questions

Input Question

Chilled Water Meter 1: Cooling & Humidity Controls [usage]
Chilled Water Meter 1: Cooling & Humidity Controls [%]

Additional chilled water meters are designated as...

Input Question

Chilled Water Meter 2: Cooling & Humidity Controls [usage]
Chilled Water Meter 2: Cooling & Humidity Controls [%]

Chilled Water Meter 3, 4, 5, etc.

Distribution Calculations: Chilled Water Meters

Used in
Data Type Calos?
Real Number Yes
Percent Yes
Used in
Data Type Calcs?
Real Number Yes
Percent Yes
See above See above

If a chilled water meter serves both data center and non-data center uses, it is up to the user to distinguish between the two.

The distribution calculations for the chilled water meters are the same as for the fuel and steam meters.

Example: Chilled Water Meters

In this hypothetical example, there is only one chilled water meter. The user entered the chilled water meter reading in Step 3.
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Figure 43 shows all of the chilled water going to data center end uses, with no remainder for non-data center uses. The user

estimates that the data center uses 80% of the chilled water, and assigns that amount of use to the Cooling and Humidity

Controls category.

When the user clicks the Recalculate button, the screen appears as shown in Figure 44. The values in the Remainder column

now represent the chilled water energy use of all the non-data center spaces in the building.

Figure 44. Energy Use Redistribution Example: Chilled Water Meters

Electricity Fuel Steam Chilled Water

Total Annual Site

Site Energy End-Use Breakout Categories Recalculaie

Site Energy Use

Remainder

Meter I Energy Use Cooling & Humidity Controls |Related to Data | (Non-Data Center
Center Use)
KWhiyr KWhiyr % KWhiyr %  |KWhiyr %
Chilled Water Meter 50,681.76 [4D545 41] [80% | 4054541 |80 [10,136.35 |20%
Totals 40,545 .41 30% 4054541 [80% |10,136.35 [20%

The performance summary at the right side of the screen will also be refreshed, after the user clicks the Next Section button and
answers Yes to the question “Would you like to save your data before you continue?” If the chilled water cost is very small in
relation to the cost of the other types of energy, it may not be visible in the chart. Hover your pointer over the chart, and a box

will appear showing the supplied energy type and its annual cost.
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Figure 45. Energy Use Redistribution Example: Chilled Water Meters: Performance Update

Power Usage Effectiveness (PUE)

1.58

Annual Data Center Site Energy Use

M Equipment
B Electric B Fans B8 Cooling

Dollars

Table 31 shows how the new PUE is calculated.

O 0 N OB W -

Usage

o

Cost
75k
50k
[=]
]
=
25k
"}
Ok
z
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O z
o
wl

Lights

Steam

Chilled Water

Table 31. Energy Use Redistribution Example: Chilled Water Meters: Calculations

A B

Default

Energy End-Use Category Breakouts
IT 69.99%
Lights 0.07%
Electric Distribution Loss 6.62%
Fans 11.51%
Cooling & Humidity Control 11.81%
Total Data Center 100.00%

Non-Data Center ("Remainder")
Total Meter Reading
PUE

C

Electric
Meters

360,000
50,000
39,468
68,650
10,000

528,118
71,882

600,000

D

E

F

Annual Energy Use From Step 4

Fuel
Meters

303
303
2,724
3,027

(KWhyr)

Steam
Meters

408
408
1,631
2,039

Chilled
Water
Meters

40,540

r
r
L4
F

F

G

Total All
Meter
Types

360,000
50,000
39,468
68,650
51,251

40,5407 569,369

10,135
50,675

H

For
Metered
Energy

Reported

63.23%
8.78%
6.93%

12.06%
9.00%

100.00%

| J K
Data Center Breakouts
Defaults for End
Uses Where .
Metered Data Totals | Normalized
Not Reported
63.23% 63.23%
8.78% 8.78%
6.93% 6.93%
12.06% 12.06%
9.00% 9.00%
100.00% 100.00%
1.58
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Column B
These are the default energy end-use percentages from Step 2.

Columns C, D, E, F
This is the user’s input data from Step 4. At this stage of our example, the user has distributed the energy from all four meter

types.

Column G
Sums the energy use from all meters, for each end-use category.

Columns H, I, J, K
These columns adjust the breakouts based on the user’s inputs in Step 4.

Column H
The meter energy from Column G is expressed as a percent of the total meter energy use reported (cell G6).

Column |
The user has distributed all of the meter data from Step 4, so Column | is now empty.

Column J
Sums the values from columns H and I.

Column K
The percent values in Column K are normalized by dividing them by the value in cell J6.

PUE
The annual average Power Utilization Effectiveness of the data center is calculated as cell K7 / cell K1.

Summary Distribution Calculations

After all the energy for all meters has been distributed as appropriate in Step 4, the result can be summarized as shown in Table
32.

Table 32. Summary Distribution Calculations

A B C D

Todal Annual

Measured
Default Energy Usa

Energy End-Use Category Breakous | From Siep 4 Dwata Cenier
- Breakouws
(KWhtyr)
1 T 69.50% 360,000 63.23%
2 |Lighs 0.70% 50,000 8.78%
3 |Elediric Distribuion Loss 6.53% 39,463 6.93%
4 |Fans 11.44% 63,650 12.06%
5 |Cooling & Humidity Control 11.73% 51,261 9.00%
] Towal Daia Center 100.00% 560,369  100.00%
7 |PUE 1.58
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Step 5 - Results

Step 5 presents the results of Profiler’s calculations.

User Inputs

There are no input fields in Step 5.

Output

Annual Energy Use and Cost Table

The Profiler presents the data center annual energy use for each of the energy streams, and the total. If the user skips Step 3
and 4, the table in Figure 46 will contain zeroes.

Figure 46. Results: Annual Energy Use and Cost Table

5. Results

Calculations

Energy Use
For each energy stream type, the Profiler takes the annual energy use from each meter of that type, for all end-use categories
except “Remainder”, and sums to get the total annual data center energy use per energy stream type.

Energy Cost
For each energy stream type, the Profiler takes the annual energy cost from each meter of that type, for all end-use categories
except “Remainder”, and sums to get the total annual energy cost per energy stream type.
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Unit Costs
The unit cost per energy stream type is the energy cost divided by the energy use.

Energy Comparison Chart

If the user skips Step 3 and 4, the chart in Figure 47 will be blank. If the chart is not blank, the user can hover their mouse
pointer over the colored bars to get the numeric value of energy use for each end-use type.

Figure 47. Results: Energy Comparison Chart

-
Energy Comparison
o _
o _‘
Ok 100k 200k 300k 400k 500k 600
Total kWh
B IT Equipment Lights B Electric Distribution Loss [l Fans B Cooling & Humidity Controls

Calculations

Current
The “Current” bar shows the values from Table 32.

Potential
The “Potential” bar shows the theoretical best possible performance for the given data center. The calculation is described in

Table 33.
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Table 33. Potential Energy End-Use Breakouts: Normalizing Calculation

A B C D E
Potential Given Potental
Breakouts ) Annual
Energy End-Use Category Normalized | Energy Use

as Percent (KAhyT) Energy Use

of IT (KWhyr)
1T 100.00% 88.57% 360,000 360,000
2 |Lights 0.10% 0.09% 360
3 | Electric Distribution Loss 2.00% 1.77% 7,200
4 |Fans 10.74% 9.51% 38,664
5 | Cooling & Humidity Confrol 0.06% 0.05% 216
6 Tofals 112.90% 100.00% 406,440
7 |PUE 113

Column B

IT: IT energy use expressed as a percent of IT energy use is simply 100%.

Lights: Data center lighting energy use is considered to be 0.1% of IT energy use, throughout the Profiler. This value is not
modifiable.

Electric Distribution Loss: The default minimum loss value for a data center that has no UPS, is 2% of IT energy use.

Fans: The value in cell B4 is from Table 15.

Cooling & Humidity Control: The value in cell B5 is from Table 15.

Column C

Column C normalizes the values in Column B.
Cell C1 =cell B1/ cell B6

Cell C2 = cell B2 / cell B6

Etc.

Column D
Cell D1 is the total IT energy use from the example described in the Step 4 section of this manual.

Column E
Cell E1 repeats the value from cell D1. The IT energy use in the potential best possible performing version of the given data
center, is assumed to be the same as the IT energy use totaled in Step 4. In other words, no IT-side energy use reductions are
taken in to consideration. The potential best possible performing data center, as defined here, depends only on the best possible
performance in three end-use categories:

»  Electric Distribution Loss

» Fans

e Cooling & Humidity Control

The potential best possible PUE shown in cell E7 is not presented by the Profiler, but it can easily be calculated by dividing cell
E6 by cell E1. In this example, the potential PUE is 406,440 / 360,000 = 1.13.
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Potential Annual Energy Savings Table
The table shown in Figure 48 presents several results. It shows the Profiler's calculation of:
«  The data center’s current, actual energy use.
«  The Potential (best-case) energy use scenario for the data center.
e The Potential energy savings, which is simply the difference between the Current energy use and the Potential energy
use.

If the user skips Step 3 and 4, the kWh/yr columns will contain zeroes, and only the % columns will be populated.

Figure 48. Results: Potential Annual Energy Savings Table

(2]

Calculations

Current Energy Use

The Current Energy Use columns show the results from Table 32.

Potential Energy Use

The Potential Energy Use columns show the results from Table 33.

Potential Savings
The Potential Savings section of the table shown in Figure 48 has three columns.

kWhlyr
The values in the kWh/yr column are the difference between the Current energy use column and the Potential energy use
column.

%
The values in the % column are calculated by dividing the potential kWh/yr savings by the total Current energy use.

$

The values in the $ column are obtained by multiplying the potential kWh/yr savings by the unit costs shown in Figure 46.
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Total Savings Chart
The chart shown in Figure 49 repeats the information from the table in Figure 48.

Figure 49. Results: Total Savings Chart

| 4
Total Savings - $15,919
4,576.44
5. \ s $4,959.32
l|
|
$2,999.59
$3,383.80
[ Lights @ Electric Distribution Loss [l Fans B Cooling & Humidity ControlsJ
|
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Appendix A. Lookup Table: Climate Zones

Moisture:
Temperature Moist (A) . Representative
Climate D Temperature Moisture .
Zone ry (B) Location
Marine (C)
1 A Very Hot Moist FL Miami
2 A Hot Moist TX Houston
2 B Hot Dry AX Pheonix
3 A Warm Moist GA Atlanta
3 B Warm Dry CALA
3 C Warm Marine CA SF
4 A Mixed Moist MD Baltimore
4 B Mixed Dry NM Albuquerque
4 C Mixed Marine WA Seattle
5 A Cool Moist IL Chicago
5 B Cool Dry CO Boulder
6 A Cold Moist MN Minneapolis
6 B Cold Dry MT Helena
7 _ Very Cold MN Duluth
8 _ Subarctic AK Fairbanks
Dry (8) B Moist (A) bt
Marine (C)
Climate Zone
n=
n-2
AR m=3
WarmeHumid = 4
Bolow White Line
m=5
-6
All of Alagka Is In Zone 7 except for 2 n-7
the following boroughs which ¢ in
Zore & Bethel Dalingham, Fairbanks
N. Star, Nome, North Siope, Northwest Zone 1 includes Hawail,
Arctic, Southest Falrbanks, Wade Guam, Pueno Rico, and
Hampton, Yulon-¥oyukuk the Virgin idancs 1
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Appendix B. Lookup Table: Cooling System Energy

A calculation model for a generic data center was created. The cooling system energy lookup table was generated by running
iterations of the model. This process is described in Appendix D.

Some model parameters are held constant for all iterations.

Model Constants

Envelope Geometry is a rectangle. No envelope
loads assumed. All adiabatic surfaces.

Building Height 10 ft

IT Load (Constant) 1,000 kw

Average Lighting Load (Constant) 1 kW

Data Center Floor Area 10,000 sf

IT Load Density 100  Watts/sf

Average Lighting Power Density 0.1 Watts/sf

Eight parameters in the model are variables.

Model Variables

. DX System CHW
Variable Values Simu}llation System
Simulation
Climate Zone 1A, 2A, 2B, 3A, 3B, 3C, 4A, 4B, 4C, 5A, 5B, 6A, 6B, 7, 8 15 15
Electric Distribution System 0%, 15%, 45% 3 3
Loss as Percent of IT Load
Humidity Control None, ASHRAE Recommended 2 2
Integrated Air Side Yes, No 2 2
Economizer
Cooling System Type CRAC Air-Cooled DX 2 4
CRAC Water-Cooled DX
CRAH Air-Cooled Chiller
CRAH Water-Cooled Chiller = No WSE
CRAH Water-Cooled Chiller = Integrated WSE
CRAH Water-Cooled Chiller = Non-Integrated WSE
Supply Air Temperature (F) 55, 65, 75, 85 4 4
Air Side Delta-T (F) 5,10, 15,20 4 4
Chilled Water Supply 45, 55 1 2
Temperature (F)
Sub-total lterations 5,760 23,040
Total lterations 28,800

Iterations were performed for all meaningful combinations of the variables; this resulted in 28,800 runs.
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Only a portion of the 28,800 runs are shown here, for illustration.

Cooling System Energy Lookup Table

Model Variables Annual Energy Use (kWhiyr)
Total Support
el ™ ity EDS Supply Tmﬁifi"g Toal [Li?ﬁinsns Whoke Data | PUE
ASHRAE | Cooling DCistribusion | Water | Alr Side Bleciric Loss as Cooling Cenier (Whole
Index i Air Conirdl . N Supply | Fansas | (Comprs+ Loss + Fans +
Numbsr Climate System Economizer System | Supply Temp Defa-T (50=Yes IT Load Lights | Disfribuson | Percent Fans | Percenici Pumps+ Plantas Comprs + (IT Load + Data

Zone Type Loss Temp (deg F) (deg F} 0=No) Sysiem Loss | of [T ITload | Humidiier Percent of Pumps + Support Cenier /

(kW) | (degF) Load Towers) IT Load Humidier = Systems) IT Load)

I b4 - - " hd hd - - " - b4 - hd " hd - TGWE‘I'S] hd b4 "
1 1A DX Air NoEconomizer 0 DX 55 15 50| 8,760,000 8760 0 0% 1,814,130 2071% 5649483 64.49% 7472373 16,232,373 1.85
2/ 1A DX Air NoEconomizer 0 DX 55 5 0| 8760000 8760 0 0% 5455480 6228% 6986771 TO.76% 12,451,020 21,211,020 242
3 1A DX Air NoEcenomizer 0 DX 55 10 0| 87600000 8760 0 0% 2717932 31.03% 4920069 56.17% 7,646,761 16,406,761 1.87
41A DX Air NoEconomizer 0 DX 55 5 50| 8760,0000 8,760 0 0% 65455480 6228% 7501664 8564% 12965913 21,725,913 248

5 1A DX Air NoEcenomizer 0 DX 55 10 50| 8760,000) 8,760 0 0% 2717932 31.03% 6161821 T70.34% 8,888,513 17,648,513 201

6| 1A DX Air NoEconomizer 0 DX 55 15 0| 8760000 8760 0 0% 1814130 2071% 4389198 50.11% 6,212,088 14,972,088 1.71
T/ 1A DX Air NoEconomizer 0 DX 55 20 0| 8760000 8760 0 0% 1,360,188 1553% 4100740 46.81% 5,469,689 14,229,688 1.62
8/ 1A DX Air NoEconomizer 0 DX 55 20 50| 8760,0000 8,760 0 0% 1,360,189 1553% 52361697 61.21% 6,730,646 15,490,645 1.77
9/ 1A DX Air NoEconomizer 0 DX 65 5 50| 8,760,000 8,760 0 0% 54565480 62.28% 7,001,608 8563% 12,065,857 21,725,857 248
10/ 1A DX Air NoEconomizer 0 DX 65 5 0| 8760000 8760 0 0% 5455480 62.28% 6202433 T0.80% 11,666,683 20,426,683 233

Rows 11 to 28,790 not shown

28791 8_ CHW Water | FixedDryBulb 450 55 75 15 50| 8,760,000 8,760 3,942,000 45% 1,835916 20.95% 1412814 16.13% 7,198,291 15,859,291 1.82
28792 8_ CHW Water | FixedDryBulb 450 55 75 20 50| 8760,000) 8760 3,942,000 45% 1,383,281 1579% 1326817 15.14% 6,660,050 15,420,059 1.78
28793 8_ CHW Water | FixedDryBulb 450 55 85 5 0| 8760000 8760 3042000 45% 5425734 61.94% 1,188,249 13.56% 10,564,743 18,324,743 2.1
28794 8_ CHW Water | FixedDryBulb 450 55 35 10 0| 8760000 8760 3042000 45% 2,713,964 30.98% 869,993 9.93% 7534717 15,284,717 1.86
28795| 8_ CHW Water | FixedDryBulb 450 55 85 15 0| 8760000 8760 3542000 45% 1,818729 20.76% 760,546 8.68% 6,530,035 15,290,035 1.78
28796| 8_ CHW Water | FixedDryBulb 450 55 35 5 50| 8760,000) 8760 3,942,000 45% 5425074 61.93% @ 2074343 23.68% 11,480,177 20210177 23
28797 | 8_ CHW Water | FixedDryBulb 450 55 85 20 0| 8760000 8760 3542000 45% 1,360,185 15.63% 702,660 8.02% 6,022,604 14,782,604 1.69
28798| 8_ CHW Water | FixedDryBulb 450 55 85 10 50| 8760,000) 8760 3,942,000 45% 2,713,681 30.98% 1,668,568 17.91% 8,233,000 16,993,009 1.94
28799| 8_ CHW Water | FixedDryBulb 450 55 85 15 50| 8760,000) 8,760 3,942,000 45% 1,818,246 20.76% 1,401,748 16.00% 7,170,754 15,930,754 1.82
23300| 8_ CHW Water | FixedDryBulb 450 55 85 20 50| 8760,000) 8760 3,942,000 45% 1,368,341 15.62% 1,318,466 15.05% 6,637,567 15,397 567 1.78

This lookup table is contained within DC Pro. As users describe their data center, DC Pro looks up the appropriate values in this table, as described in the body of the Calculation
Reference Manual.
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Appendix C. Lookup Table: UPS Efficiency

The UPS efficiency table is based on data provided in March 2013 by:
Munther Salim, PhD

Hewlett Packard

msalim@hp.com

The data covers 12 UPS capacities, 2 voltages, 4 technology types, and 10 load factors.

This lookup table is contained within DC Pro. As users describe their UPS, DC Pro looks up the appropriate values in this table,
as described in the body of the Calculation Reference Manual.

This table is also available as an Excel file.

UPS Efficiency Lookup Table

Load Facior
Mominal

Capacty | Vokage Type 1% | 11% 0 21%0 | 3% | 41%©0 | 51% 0 | 61%0  T1%0 | 81%0 | 91%o
(KVA) 10% 20% %% 40% 50% 60% T0% 80% 90% | 100%
50 480 | Double Conversion TAO% | B49% | B70% | 805%  B07% | 91.7% | 925% | G25%  925%  920%
50 480 | Double Conversion = Fiker | 77.7% | 839% | 87.0% | 889% | 80.7% | 907%  923% | 923%  ©20% 920%
50 430 | Delia Conversion 800% | B47% | 874% | 90.7% | 91.6% | 93.1% | 93.8% | 043% | 4.7% | 94.9%
50 430 | Rofary T21% | 83.3% | B7.7% | 899%  912% | 920% | 924% | G279%  929%  93.0%
50 208 | Double Conversion T90% | 859% | 8B.0% | 905%  917% | S927% | 93.5% | ©3.5%  935%  93.0%
50 208 | Double Conversion = Fiter | 78.7% | 849% | 88.0% | 899% | 80.7% | 91.7% @ 93.3% | 93.3%  93.0%  9248%
50 208  Defa Conversion T90% | 83.7% | 86.2% | 89.5%  8901% | 91.6% | 921% | S§26%  927%  929%
50 208 | Rotary T11% | 821% | B65% | 884%  BO7% | 903% | 907% | S07%  909%  91.0%
100 420 | Double Conversion 20.7% | 86.9%  90.2%  91.7%  93.2% | 94.2% | 958% | ©58%  955%  953%
100 480 | Double Conversion = Filer | 705% | 858% | 802% | ©00% | 820% | 935%  O45% | ©43% @ G41%  O40%
100 420 | Dela Conversion 200% | B47% | B74% | 90.7%  916% | 93.1% | 93.8% | S43%  S47%  94.9%
100 430 | Rofary T21% | B33% | B7.7% | 809%  912%  G20% | 924% | 927%  929%  93.0%
100 208 | Double Conversion T9T7% | 85.9% | 80.0% | 905%  917% | 927% | 94.3% | 943%  S4.0%  93.8%
100 208 | Double Conversion = Filer | 787% | 349% | 88.0% | 895% | 807% | 91.7%  93.3% | 933%  930% 9248%
100 208  Dela Conversion TOO0% | B3T7% | 86.2% | 895%  801% | 91.6% | 921% | G26%  927%  929%
100 208 |Rotary T11% | 821% | 86.5% | 88.4% | 80.7% | 90.3% | 90.7% | ©0.7% | 90.9% | 91.0%
150 480 | Double Conversion 807% | 86.9% | 90.2% | 921%  83.2% | 94.2% | 95.8% | ©5.8%  955%  953%
150 420 | Double Conversion = Filer | 79.5% | 85.8% | 80.2% | ©09% | 820% | 935%  ©O45% | ©43%  S41% S4.0%
150 480 | Dela Conversion 800% | B4T7% | B74% | 90.7%  916% | 93.1% | 93.8% | ©43%  G47%  949%
150 480 | Rofary TG.7% | 86.2% | BO.7% | 91.5%  924% | 928% | 93.0% | ©3.1%  93.1%  93.1%
150 208 | Double Conversion TET% | B59% | BO0%  909%  S17% | 927% | 94.3% | 843%  940%  9348%
150 208 | Double Conversion = Filer | 78.7% | 349% | 88.0% | 899% | 80.7% | 91.7%  93.3% | ©3.3%  93.0% 928%
150 28 Defa Conversion TOO0% | B3T7% | B62% | 805%  B801% | 916% | 921% | G26%  G927%  929%
150 208 | Rotary Th7% | 85.2% | BB.7% | 90.5%  914% | 91.8% | 920% | 821%  921%  921%
225 480 | Double Conversion 807%  B69% | O02%  921%  032% | 042% | 958% | ©58%  955%  953%
225 430 | Double Conversion + Filer | 79.5% | 85.8% | 80.2% | ©09% | 820% | 93.5%  94.5% | S943%  ©41% 94.0%
225 480 | Defa Conversion 800% | B4T7% | B74%  G07%  916% | 931% | 93.8% | G43%  G47%  049%
225 430 | Rofary T21% | 83.3% | B7.7% | 899%  912% | 920% | 924% | G279%  929%  93.0%
225 208 | Double Conversion TOT% | B59% | B00%  909%  817%  G27% | 943% | ©43%  G40%  934%
225 208 | Double Conversion = Fiter | 78.7% | 849% | 88.0% | 899% | 80.7% | 91.7% @ 93.3% | 93.3%  93.0%  9248%
225 208 Dela Conversion T80%  B3.7% | 86.2% | 895%  801% | 91.6% | 921% | ©26%  927%  929%
225 208 |Rotary T11% | 821% | 86.5% | 88.4%  B807% | 90.3% | 90.7% | ©0.7%c | ©90.9%  91.0%

Appendix C, Page 1



Nominal

Capacily | Voliage
(kvA)
300 430
300 480

22222 2B 2B BB BB 2B 2B BB EEEEEE2E2ERE R RE

BREBEEBEREZBIBEEEEERBREEEEEREREEEEREREEE

Type

Double Conversion
Double Conversion + Fiier
Diefia Conversion

Roiary

Double Conversion
Double Conversion + Fiier
Dela Conversion

Roiary

Double Conversion
Double Conversion + Fier
Dela Conversion

Rotary

Double Conversion
Double Conversion + Filier
Dela Conversion

Roiary

Double Conversion
Double Conversion + Filier
Dielta Conversion

Rodary

Double Conversion
Double Conversion + Fier
Dielta Conversion

Rotary

Double Conversion
Double Conversion + Fiier
Dela Conversion

Rotary

Double Conversion
Double Conversion + Fiier
Diefia Conversion

Rotary

Double Conversion
Double Conversion + Fifier
Diefia Conversion

Roiary

Double Conversion
Double Conversion + Fiier
Dela Conversion

Roiary

1%
10%

20.7%
T9.5%
80.0%
T8.1%
T9.7%
T8.7%
79.0%
T5.1%
30.7%
T9.5%
38.0%
13.3%
789.7%
TAT%
63.9%
T2.3%
80.7%
79.5%
33.0%
73.3%
T9.7%
T8.7%
63.9%
72.3%
80.7%
79.5%
33.0%
T2.4%
T9.7%
T8.7%
63.9%
71.4%
20.7%
79.5%
33.0%
T8.7%
T9.7%
T8.7%
68.9%
T5.7%

1% 0
20%

36.9%
35.5%
24.7%
85.7%
86.9%
84.9%
8B3.7%
84.5%
36.9%
35.5%
91.5%
41%
35.7%
24.7%
82.0%
829%
536.9%
35.8%
91.5%
41%
85.7%
M4T7%
92.0%
32.9%
56.9%
35.8%
93.3%
33.6%
35.7%
34.7%
92.0%
32.4%
36.9%
35.5%
93.3%
86.4%
86.7%
84.7%
92.0%
85.2%

1%
3%

90.2%
89.2%
87.4%
89.3%
89.0%
85.0%
86.2%
88.1%
80.2%
89.1%
895.2%
38.4%
39.0%
38.0%
93.9%
87.2%
90.2%
89.1%
95.0%
38.4%
589.0%
85.0%
93.9%
87.2%
90.2%
89.1%
95.2%
38.0%
39.0%
35.0%
93.9%
36.8%
90.2%
89.1%
95.2%
90.1%
89.0%
85.0%
93.9%
55.9%

%o
40%

921%
90.9%
90.7%
91.2%
90.9%
59.9%
59.5%
89.7%
82.1%
90.9%
96.1%
90.6%
90.9%:
39.9%
84.5%
39.1%
92.1%
90.9%
96.1%
90.6%
90.9%
89.9%
94.5%
39.1%
92.1%
90.9%:
96.1%
90.3%:
90.9%
39.9%
94.5%
35.5%
921%
90.9%
96.1%
91.9%
90.9%
59.9%
094.5%
90.4%

Load Facior

41% 0
50%

83.2%
92.0%
91.6%
92.3%
917%
20.7%
80.1%
90.5%
893.2%
92.0%
96.5%
91.8%
91.7%
80.7%
93.5%
90.3%
93.2%
52.0%
95.5%
91.8%
91.7%
80.7%
93.5%
90.3%
93.2%
92.0%
96.5%
91.7%
91.7%
80.7%
093.8%
20.2%
83.2%
92.0%
95.5%
92.9%
917%
20.7%
93.8%
91.4%

1%t
60%

04.2%
93.5%
83.1%
92.9%
92.7%
91.7%
91.6%
91.2%
84.2%
93.0%
96.5%
92.6%
92.7%
91.7%
95.1%
90.9%
24.2%
93.0%
96.5%
52.6%
92.7%
91.7%
95.1%
90.9%
24.2%
93.0%
96.8%
92.6%
927%
91.7%
85.1%
90.9%
04.2%
93.0%
096.8%
93.5%
92.7%
91.7%
95.1%
91.5%

61% %0
0%

05.8%
94.5%
03.8%
93.2%
94.3%
93.3%
92.1%
91.5%
95.8%
94.5%
97.0%
93.0%
84.3%
093.3%
97.0%
91.3%
95.5%
04 5%
ar.0%
03.0%
24.3%
93.3%
ar.0%
91.3%
95.5%
84.5%
97.0%
93.1%
04.3%
93.3%
47.0%
91.4%
05.8%
24.5%
47.0%
93.5%
94.3%
93.3%
97.0%
92.1%

%%
80%

95.8%
94.3%
094 3%
93.4%
94.3%
93.3%
92.8%
91.4%
95.5%
94.3%
97.0%
93.3%
94.3%
93.3%
97.0%
91.3%
95.5%
094 3%
97.0%
93.3%
94.3%
93.3%
97.0%
91.3%
95.5%
94.3%
97.0%
93.5%
094 3%
93.3%
97.0%
91.5%
95.8%
94.3%
97.0%
24.0%
94.3%
93.3%
a7.0%
92.0%

1% 1o
90%

95.5%
24.1%
84 7%
93.6%
24.0%
93.0%
92.7%
91.6%
95.5%
24.1%
97.1%
93.4%
84.0%
93.0%
95.1%
91.4%
95.5%
84.1%
ar.1%
93.4%
24.0%
93.0%
95.1%
91.4%
95.5%
94.1%
a71%
93.5%
84.0%
93.0%
95.1%
91.8%
95.5%
24.1%
a7 1%
24.1%
24.0%
93.0%
95.1%
92.1%

91% 1o
100%

95.3%
24.0%
84.9%
93.7%
93.3%
92.8%
92.9%
91.7%
95.3%
24.0%
97.1%
93.6%
93.5%
92.8%
95.1%
91.6%
95.3%
94.0%
a7 1%
93.6%
93.5%
92.83%
95.1%
91.6%
95.3%
94.0%
a71%
94.0%
93.8%
92.8%
95.1%
92.0%
95.3%
24.0%
a7 1%
24.1%
93.3%
92.8%
95.1%
92.1%
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Nominal

Capadily | Vollage
(kvA)
800 430
500 430

22232225888888888888888

BERBEEEERRZREBEREZRRR2E

Type

Double Conversion
Double Conversion + Fiier
Diefia Conversion

Rotary

Double Conversion
Double Conversion + Fiier
Diefia Conversion

Rotary

Double Conversion
Double Conversion + Fiier
Dela Conversion

Rotary

Double Conversion
Double Conversion + Fiier
Dela Conversion

Rotary

Double Conversion
Double Conversion + Filier
Dela Conversion

Rotary

Double Conversion
Double Conversion + Filer
Dielta Conversion

Rotary

1%
10%

20.7%
79.5%
33.0%
T68.7%
T9.7%
T8.7%
63.9%
T5.7%
80.7%
T9.5%
38.0%
T8.1%
789.7%
TaT%
63.9%
T71%
30.7%
79.5%
33.0%
T81%
T9.7%
T8.7%
63.9%
1%

1% 0
20%

36.9%
35.5%
93.3%
36.4%
35.7%
84.7%
92.0%
85.2%
56.9%
35.5%
93.3%
87.6%
35.7%
4.7%
82.0%
28.4%
36.9%
35.8%
93.3%
87 6%
85.7%
4T7%
92.0%
36.4%

1%
0%

90.2%
89.1%
95.2%
90.1%
39.0%
85.0%
93.9%
55.9%
20.2%
89.1%
895.2%
91.2%
39.0%
38.0%
93.9%
90.0%
80.2%
89.1%
95.2%
91.2%
589.0%
85.0%
93.9%
90.0%

%o
40%

921%
90.9%:
96.1%
91.9%
90.9%
59.9%
094.5%
90.4%
92.1%
90.9%
96.1%
93.0%
90.9%:
39.9%
84.5%
91.5%
82.1%
90.9%
96.1%
93.0%
90.9%
89.9%
94.5%
91.5%

Load Facior

41% 0
50%

83.2%
92.0%
95.5%
92.9%
91.7%
20.7%
93.8%
91.4%
93.2%
92.0%
96.5%
93.9%
91.7%
90.7%
93.5%
82.4%
893.2%
52.0%
96.5%
03.9%
91.7%
90.7%
93.5%
82.4%

1%t
60%

04.2%
93.0%
096.8%
93.5%
927%
91.7%
85.1%
91.5%
94.2%
93.0%
96.5%
24.5%
92.7%
91.7%
95.1%
52.8%
84.2%
93.0%
96.5%
84.5%
92.7%
NT7%
95.1%
92.5%

61% %0
T0%

05.8%
84.5%
47.0%
93.5%
04.3%
93.3%
47.0%
92.1%
95.8%
94.5%
97.0%
94.8%
84.3%
93.3%
97.0%
83.1%
95.5%
04 5%
97.0%
04.8%
24.3%
93.3%
ar.0%
93.1%

%%
80%

95.8%
94.3%
97.0%
94.0%
094 3%
93.3%
97.0%
92.0%
95.2%
94.3%
97.0%
94.9%
94.3%
93.3%
97.0%
92.5%
95.5%
094 3%
97.0%
04.8%
94.3%
93.3%
97.0%
92.9%

1% 1o
90%

95.5%
94.1%
a7 1%
94.1%
84.0%
93.0%
95.1%
92.1%
95.5%
24.1%
97.1%
95.0%
84.0%
93.0%
95.1%
93.0%
95.5%
84.1%
97.1%
95.0%
24.0%
93.0%
95.1%
93.0%

91% 1o
100%

95.3%
94.0%
a7 1%
24.1%
93.8%
92.8%
95.1%
92.1%
95.3%
24.0%
97.1%
95.0%
93.5%
92.8%
95.1%
93.0%
95.3%
94.0%
97 1%
95.0%
93.5%
92.3%
95.1%
93.0%
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Appendix D. EnergyPlus Models

Overview

DC Pro does not perform energy simulations of data center cooling systems. It relies on a large number of pre-calculated
results, contained in a lookup table. Values are taken from the lookup table in accordance with the answers DC Pro users
provide to the input questions.

This appendix describes the EnergyPlus simulations that were created to generate the values that occupy the lookup table.
For a description of the Cooling System Energy Lookup Table itself, see Appendix B.

For a description of the DC Pro input questions, and how DC Po uses the answers to the questions to select values from the
lookup table, see the body of the Calculation Reference Manual.

EnergyPlus Models
Six base EnergyPlus models were created to address six primary mechanical cooling system types:

Air-Cooled DX

Water-Cooled DX

Air-Cooled Chiller

Water-Cooled Chiller

Water-Cooled Chiller with Integrated Waterside Economizing
Water-Cooled Chiller with Non-Integrated

Dk wh =

All base models were created in DesignBuilder v3 to set up the geometry and the basic HVAC system nodes and loops. This
included but was not limited to:

»  Geometry and construction assemblies

*  Equipment internal loads

» Airside distribution system

»  Airside zone supply and return

e Chilled water and condenser water loops (as needed)

All systems are structured as built-up AirLoopHVAC types serving one thermal zone. The AHU provides all air tempering,
including cooling, heating, and moisture conditioning. Each thermal zone contains a singleDuctVAVNoReheat terminal.

Climate is controlled with a DualSetpoint thermostat and a humidistat.

All equipment is set to autosize in EnergyPlus. Models are iterated over many different weather locations and setpoints, so sizing
varies as needed.

Each model includes parametric definitions to allow iteration through all variable options. These parametrics include airside
economizing and humidity control setpoints.

Constants and Variables

Some model parameters are held constant for all iterations, as shown in the following table.
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Model Constants
Envelope

Building Height
IT Load (Constant)

Average Lighting Load (Constant)

Data Center Floor Area
IT Load Density

Average Lighting Power Density

Geometry is a rectangle. No envelope
loads assumed. All adiabatic surfaces.

10
1,000
1
10,000
100
0.1

ft

kW

kW

sf
Watts/sf
Watts/sf

The data center floor area, IT load, and lighting load are fixed. This does not hinder DC Pro’s ability to address data centers of
different sizes and loads, as all end-use energy breakouts presented in Step 2 of the Profiler are expressed in relative terms; ie,
as percent of the IT load. (Steps 3 and 4 of the Profiler allow the user to enter actual energy use and distribute it to the end

uses.)

Eight parameters in the model are variables:

Model Variables
Variable

Climate Zones

Electric Distribution System
Loss as Percent of IT Load
Humidity Control

Integrated Air Side
Economizer

Cooling System Type

Supply Air Temperature (F)
Air Side Delta-T (F)

Chilled Water Supply
Temperature (F)

Iterating through all meaningful combinations of the variables yields 28,800 separate simulations.

Values

1A, 2A, 2B, 3A, 3B, 3C, 4A, 4B, 4C, 5A, 5B, 6A, 6B, 7, 8
0%, 15%, 45%

None, ASHRAE Recommended

DX System
Simulation

Yes, No

CRAC Air-Cooled DX

CRAC Water-Cooled DX

CRAH Air-Cooled Chiller

CRAH Water-Cooled Chiller | No WSE

CRAH Water-Cooled Chiller Integrated WSE
CRAH Water-Cooled Chiller Non-Integrated WSE
55, 65, 75, 85

5,10, 15, 20

45, 55

Parametric Iterations

Sub-total Iterations
Total Iterations

CHW
System
Simulation
15 15
3 3
2 2
2 2
2 4
4 4
4 4
1 2
5,760 23,040
28,800

Iterations were performed using JePlus. JePlus allows the user to select a building model (an IDF or a set of IMF files) and put
search strings in place of chosen parameters, and to specify all alternative values for the parameters. JePlus then cycles
through the parametric values, placing them in the right places in the building model, runs EnergyPlus, and collects the results.
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HVAC Efficiencies and Setpoints

The following table describes the HVAC system component efficiencies and setpoints used in the models. The values are drawn primarily from these sources:

»  ASHRAE Standard 90.1, 2007.
*  “Thermal Guidelines for Data Processing Environments”, ASHRAE TC 9.9, 2011
»  “Energy Efficiency Baselines for Data Centers”, Pacific Gas & Electric, Oct 1, 2010.

System
Components

Fans

Air-Cooled Chiller

Water-Cooled
Chiller

Air-Cooled DX
Cooling

Water-Cooled DX
Cooling

Parameter

Fan System Efficiency

Fan System Efficiency
Nominal Motor Efficiency
Nominal Drive Efficiency
Nominal Fan Efficiency
Total Static Pressure*

Total Static Pressure
CRAC/CRAH Fan Schedule
Air-Side Economizer Relief Fan
COP

Curve Set

COP

Curve Set

COP

Curve Set

Condenser

COP

Curve Set

Condenser

Value

1,500

0.67
90%
95%
60%

3.4

847

ON/OFF

Variable Speed Part-Load Curve
2.80

DOE-2 Screw

5.55

DOE-2 Centrifugal

2.84

EnergyPlus Default DX Curve Set
n/a

3.22

EnergyPlus Default DX Curve Set
n/a

Units
cfm/kW

W/cfm

in. w.g.

Pa

Source

PG&E Data Center Baseline 2010. Average of the different
containment strategies, including no containment.
Inverse of previous row.

Assumed efficiency for typical CRAC/CRAH fan motor.
PG&E Data Center Baseline 2010. Belt drive.

Assumed efficiency for typical CRAC/CRAH fan.
Calculated from Fan System Efficiency and Nominal Fan
Efficiency.

Conversion from in. w.g.

PG&E Data Center Baseline 2010.

ASHRAE 90.1 2007.

ASHRAE 90.1 2007 6.8.1c; with condenser.

EnergyPlus.

ASHRAE 90.1 2007 6.8.1c; centrifugal <300 tons.
EnergyPlus.

ASHRAE 90.1 2007 6.8.1A; >=760 kBtu/hr Electric. EER 9.7.
EnergyPlus .

Included in COP value.

ASHRAE 90.1 2007 6.8.1A. EER 11

EnergyPlus.

Included in COP value.
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System
Components

Chilled Water
Pump

Condenser Water
Pump

Cooling Tower

Heat Exchanger
Chilled Water Loop

Condenser Water
Loop

Humidifier

Parameter

Nominal Motor Efficiency
Nominal Pump Efficiency
Static Pressure

Pump System Efficiency
Nominal Motor Efficiency
Nominal Pump Efficiency

Static Pressure

Design Wetbulb Temperature

Approach Temperature
Approach Temperature
CHW Supply Temperature
Setpoint

CHW Delta-T

CW Temperature Setpoint
CW Delta-T

Type of Humidifier

Max Allowed Humidity
Min Allowed Humidity

Value

94.1%
68%
75

19
90%
65%

65

75
10

3
45

10

Ambient wetbulb +5 deg F
10

Electric Steam Generator
60%

40%

Units

ft
Wigpm

ft

deg F
deg F
deg F
deg F

deg F
deg F
deg F

RH
RH

Source

PG&E Data Center Baseline 2010.

PG&E Data Center Baseline 2010.

PG&E Data Center Baseline 2010.

ASHRAE 90.1 2007, section G3.1.3.11.

Assumed efficiency for typical condenser water pump motor.
Assumed efficiency for typical condenser water pump in data
center application.

Calculated from Pump System Efficiency and Nominal Pump
Efficiency.

PG&E Data Center Baseline 2010.

PG&E Data Center Baseline 2010.

Assumed.

PG&E Data Center Baseline 2010.

PG&E Data Center Baseline 2010.
PG&E Data Center Baseline 2010.
PG&E Data Center Baseline 2010.
PG&E Data Center Baseline 2010.
ASHRAE Thermal Guidelines, Recommended range
ASHRAE Thermal Guidelines, Recommended range
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Cooling System Type 1: Air-Cooled DX

Simple System Schematic

o v

Air-Side

omna /////

Relief Fan kW @
Lighting kW

> Lights
IT Electric
Distribution
System kW R UPs

"l (Optional)

PDUs

IT Equipment kW
\ 4

IT Equipment

Data
Center
Space

——~ CRAC Entering Air
Temp, Humidity

Cooling Coil

Compressor kW

A

Condenser Fan
kw

O

Humidifier kW

Fan kW

Heating Element kW

—~ CRAC Leaving Air
Temp, Humidity

Site Electric

Meter

—O—

Utility
Transformer
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EnergyPlus Block Diagram

Primary Cooling System: Air cooled DX using the Coil:Cooling:DX:SingleSpeed object.

IR LOOP AHU OUTDOOR AIR MIXES IROORAHUIUNITARY IR LOOP AHU STEAM HUMIDIFIER foc suppLY FAN R LOOP AHU HEATING COIL IR LOOP ZONE SPLITTER sz SlialE e LOCK1:ZONEL R LOOP ZONE MIXER
5 20868 Con AV NO REHEAT

Joutdoorir:NodeList

Unused Non-Parent Objects:

AIR LOOP SETPOINT MANAGER
HUMIDITY RATIO MIN

HUMIDITY MAX SINGLE ZN DEHUMIDIFICATION

AIR LOOP AHU OUTSIDE AIR SYSTEM MIXED AIR MANAGER
AIR LOOP AHU OUTDOOR AIR CONTROLLER

DC RELIEF FAN

‘The following are not supported: objects related to controls, or ZoneHVAC:Ideall
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Cooling System Type 2: Water-Cooled DX

Simple System Schematic

o v

Air-Side

omna /////

Relief Fan kW @
Lighting kW

> Lights
IT Electric
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System kW R UPs

"l (Optional)

PDUs

IT Equipment kW
\ 4
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|
: Condenser
Cooling Coil | Watiwump Fluid Cooler
|
| Compressor kW Fan kw
«— |
|
|
| o
|
|
|
|
|
|
! Humidifier kw
< |
| I‘

|
|
|
| Fan kW

O |« -
|
|
: Heating Element kW

| I:
|
|
_______________ [ Site Electric
Meter

——~ CRAC Leaving Air
Temp, Humidity

—O—

Utility
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EnergyPlus Block Diagram
Primary Cooling System: Air-Cooled DX using the Coil:Cooling:DX:SingleSpeed object.

The cooling coil element is the same object used in Type 1, with an evaporatively cooled condenser. The EnergyPlus object for the evaporatively cooled condenser is enabled
and the overall compressor efficiency (COP) is changed to match a water-cooled DX system.

Ltm LOOP AHU OUTDOOR AIR mxej_Egmgg AU UNITARY I_Im LOOP AHU STEAM HUMIDIFIER I—Inc SUPPLY FAN I_Im LOOP AHU HEATING COIL I_Im LOOP ZONE SPLITTER | |5k3°NKo‘ ZONELSINGIE Dl I—fmcm:zﬁmsl I_im LOOP ZONE MIXER lJ
o S05G con

[outdoorair:NodeList

Unused Non-Parent Objects:
AIR LOOP SETPOINT MANAGER
HUMIDITY RATIO MIN
HUMIDITY MAX SINGLE ZN DEHUMIDIFICATION
AIR LOOP AHU OUTSIDE AIR SYSTEM MIXED AIR MANAGER
AIR LOOP AHU OUTDOOR AIR CONTROLLER
DC RELIEF FAN

evap cooling on condenser

The following are ot supported: objects related to controls, ncontrolled, or ZoneHVAC:Ideall
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Cooling System Type 3: Air-Cooled Chiller

Simple System Schematic

Air-Side

/1] e /111

Relief Fan kW Center
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| |
| |
PDUs : | Fan kW
-
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EnergyPlus Block Diagram

Primary Cooling System: Air-Cooled DX using the Chiller:Electric:EIR object for the plant and the Coil:Cooling:WaterCoil object in the distribution system.

The condenser type is set to Air-Cooled.

IR LOOP AHU OUTDOOR IR LOOP AHU STEAM

|_|m LOOP AHU HEATING COIL I_ _fm LOOP ZONE SPLITTER

LOCK1:ZONEL SINGLE DUCT
/AV NO REHEAT
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[cr
BYPASS PIPE
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HW LOOP SUPPLY PUMP HW LOOP SUPPLY SPLITTER

fcHW LOOP SUPPLY MIXER

HW LOOP SUPPLY SIDE
UTLET BRANCH PIPE

HW LOOP DEMAND SIDE
N 1 p1p

ILET BRANCH PIPE

Jerw Loop pEmMAND sIDE
lBypass pipE

OutoorAITNoGeLISt

Unused Non-Parent Objects:
CHILLER CHILLER SETPOINT MANAGER
AIR LOOP SETPOINT MANAGER
CHW LOOP SETPOINT MANAGER
HUMIDITY MINIMUM SETPOINT
HUMIDITY MAXIMUM SETPOINT
AIR LOOP AHU OUTSIDE AIR SYSTEM MIXED AIR MANAGER
AIR LOOP AHU COOLING COIL MIXED AIR MANAGER
AIR LOOP AHU COOLING COIL CONTROLLER
AIR LOOP AHU OUTDOOR AIR CONTROLLER
AIR LOOP AHU RELIEF FAN

The following are not supported: objects related to controls, or ZoneHVAC: 1deall

|__|cuw LOOP DEMAND SPLITTER k

1R LOOP AHU COOLING COIL

HW LOOP DEMAND SIDE
H MAI R
W LOOP DEMAND MIXEf |_|gun.n NG
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Cooling System Type 4: Water-Cooled Chiller

Simple System Schematic

Water-Cooled
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EnergyPlus Block Diagram
Primary Cooling System: Air-Cooled DX using the Chiller:Electric:EIR object for the plant and the Coil:Cooling:WaterCoil object in the distribution system.

The cooling tower is variable speed with a constant condenser water temperature setpoint for the chiller.

/AV NOREHEAT

HW LOOP SUPPLY PUMP JCHW LOOP SUPPLY SPLITTER jchWiEQoRSURRLYSIDE
5vpass pioe
fcrw Loop suppLY siDE HW LOOP DEMAND SIDE CHW LOOP DEMAND SIDE
cHiLLER cHw LooP SuPPLY MIXER
HW LOOP DEMAND MIXER

IR LOOP AHU COOLING COIL

HW LOOP DEMAND SIDE
UTLET BRANCH PIPE

L ] [ oo e
L | [ i ISIDE BYPASS PIPE

jcHiLLER

FD COOLING TOWER [CONDENSER LOOP SUPPLY MIXEf JCONDENSER LOOP SUPPLY ONDENSER LOOP DEMAND [CONDENSER LOOP DEMAND JconDENSER LOOP DEMAND
[SIDE OUTLET BRANCH PIPE IDE INLET BRANCH PIPE JseLiTrER ISIDE BYPASS pIpE
CONDENSER LOOP DEMAND ONDENSER LOOP DEMAND
MIXER IDE OUTLET BRANCH PIPE

Unused Non-Parent Objects:
CHILLER CHILLER SETPOINT MANAGER
AIR LOOP SETPOINT MANAGER
CHW LOOP SETPOINT MANAGER
CONDENSER LOOP SETPOINT MANAGER
HUMIDITY MINIMUM SETPOINT
HUMIDITY MAXIMUM SETPOINT
AIR LOOP AHU OUTSIDE AIR SYSTEM MIXED AIR MANAGER
AIR LOOP AHU COOLING COIL MIXED AIR MANAGER
AIR LOOP AHU COOLING COIL CONTROLLER
AIR LOOP AHU OUTDOOR AIR CONTROLLER
AIR LOOP AHU RELIEF FAN

The following are not supported: objects related to controls, Jncontrolled, or ZoneHVi
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Cooling System Type 5: Water-Cooled Chiller with Integrated Waterside Economizing

Simple System Schematic

Air-Side
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EnergyPlus Block Diagram
Primary Cooling System: Air-Cooled DX using the Chiller:Electric:EIR object for the plant and the Coil:Cooling:WaterCoil object in the distribution system.

The cooling tower is variable speed with a condenser water temperature setpoint that follows the outside air wetbulb + an offset. The heat exchanger is assumed to have a 3.6
deg F approach between the condenser water and chilled water loops and will operate whenever the return chilled water temperature is above the condenser water temperature.

|—| AIR LOOP AHU OUTDOOR |—|A R LOOP AHU COOLING COLL| IRILOOR/A LS TEAN IR LOOP AHU SUPPLY FAN AHU H IR LOOP ZONE SPLITTER LOCK1:ZONE1 SINGLE LOCK1:ZONEL IR LOOP ZONE MIXER
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The following are not supported: objects related to controls, or ZoneHVAC:deal
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Cooling System Type 6: Water-Cooled Chiller with Non-Integrated Waterside Economizing

Simple System Schematic
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EnergyPlus Block Diagram
Primary Cooling System: Air-Cooled DX using the Chiller:Electric:EIR object for the plant and the Coil:Cooling:WaterCoil object in the distribution system.

The cooling tower is variable speed with a condenser water temperature setpoint that follows the outside air wetbulb + an offset. The heat exchanger is assumed to have a 3.6
deg F approach between the condenser water and chilled water loops and will operate only when the full load can be conditioned by the heat exchanger.
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Appendix E. Recommended Actions

DC Pro recommends a variety of energy-efficient actions that can pursued, based on the user's answers to the input questions.

The following tables describe how DC Pro selects or does not select each action before presenting them to the user. The tables
correspond to the categories in Step 2 of DC Pro.

How to Read the Tables

The actions are listed at the left side of the table. There may be gaps in the numbering sequence of the Action IDs in some
cases; this is due to some actions in earlier versions of DC Pro being retired. For continuity, the remaining actions were not
renumbered.

The relevant input questions are listed at the top of the table.

Answers that trigger action recommendations are shown in the white cells.

For a given action, read from left to right in that row.

If more than one white cell appears in that row, then the user must input all of the answers shown in order to trigger the
recommendation.

If an action has multiple rows, then the set of answers in any one of those rows is sufficient to trigger the recommendation.
An example is provided following each table.

These tables are also available as Excel files.
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Energy Management (Step 2.1)

None of the questions in this table affect DC Pro's calculation of PUE.

Has an energy
audit been
Actions conducied
within the last 2
years?
Acion ID Acion Tile EM.Q.01
EM.A01 |Periorm an energy audic Mo
EM.A02 | Create an energy management plan.
EM.A03 | Assign an energy manager.
EM.A04 |Engage the upper management with 2 compelling ife-cycle cost case.
EM.A.05 |Implement an energy measurement and calibrason program.
EM.A06 |Conduct reguiar preventadve mainienance.
EMAO7 |Sub-meter end-use loads and track over fime.
EM.A.08 |Review full system operalon and eficiency on a regular basis.
EM.A.09 |Install moniioring equipment fo measure sysiem eficiency and periormance.
EM.A.10 |Raise awareness and develop undersianding among Data Center staff about | Mo
the financial and environment impact of energy savings.
Example

Questons, Quesiion |Ds, and User's Answers

lsthere a Is there an Has upper Is there an Isthere a
wrifen energy | energy manager | management energy preveniaive
management directy accepied the measurement mainienance
plan? respongible for energy and calibrasion program in
the energy management program in place?
management plan? place?
plan?
EM.Q.02 EM.Q.021 EM.Q022 EM.C.03 EM.Q.04
No
Yes No
Yes No
No
No
Yes
Yes
No

If the user answers “No” to input question EM.Q.01, then action EM.A.01 is recommended.
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IT Equipment (Step 2.2)
None of the questions in this table affect DC Pro's calculation of PUE.

Quesions, Quesion IDs, and User's Answers

Doyoumeasure | Doyouhavea | Whatisthe Are you using How extensiveis | Whatsiorage | Have you
and rack IT process for average age | virualizason fo your siorage fiers have you | implemenied siorage
3 equipment identfying atwhich you | consolidaie your | consolidafion? implemenied? | opmizagon
Acfons (storage, server & | abandoned/un- | replace your | server (mark all that techniques such as
network) used sarvers servers? workloads? apply) thin provisioning,
ulization? and taking them incremenial
offine? snapshots, or de-
duplicaion?
Aclon 1D Acion Tile ITam IT.Q.02 IT.Q.03 IT.C04 IT.Q05 IT.Q.06 IT.Qo07

ITAM Start monitoring ulizasion of servers, siorage, and Mo
networks to determine whether there are
underudiized |T assets and understand your T
capacily grouth.
IT.AD2 Periorm an audit o ensure all operaional servers No
are sill in acive use.
IT.A03 Evaluate the potenal savings from upgrading fo
newer equipment. 5+
ITAD4 Invesiigate using viruaizason 0 consolidaie No
wiorkload and reduce the number of installed servers
in your data cenier. Siart gaining experience wit
new appiicatons and replacement of end-of-iile
equipment,
IT.A05 Consider consolidaing 0 nefwork-atached (NAS or 0%
SAN) storage and using diskless servers. 1-80%
IT.A08 Asgsess siorage usage and move less perormance- All answers are
sensiive data fo higher capacily, more eficient No
media.
ITAOT Consider reducing the capacity requiremenis for No
your siorage sysiems.

.

Example
If the user answers “4” or “5+” to input question IT.Q.03, then action IT.A.03 is recommended.
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Environmental Conditions (Step 2.3)

The answers to questions highlighted in yellow affect DC Pro’s calculation of PUE.

The entire table is too large to fit on one page; so the table is shown piecemeal below.

Acton ID

ECAM
EC.A02

What is the
typical
Aclons (average) air
femperature
leaving the
cooling coils
(supply)?

Action Tise EC.QM

Congider air management measures.
Consider increasing the temperature ofthe air | EC.Q.01 <

leaving the cooling colis (Supply). (EC.Q.05 - 10F)

Caveat: Above an [T air intake temperature of
around 75F, the speed ofthe IT equipments
internal cooling fans may increase. The energy
penalty for this must be weighed against the
energy savings assodiated wih a higher supply
air temperature.

QuesSions, Quesion IDs, and Usar's Answers

Environmenial Condilons

What is the What is the What is the
typical typical typical
(average) air (average) IT | (average) IT
femperature equipment equipment
enfering the iniake: air exhaust air
cooling coils temperaiure? | temperature?
(redurn)?

EC.Q.02 EC.Q.03 EC.Q04

(EC.Q.02 - EC.Q.01) < (EC.Q.04 - EC.QL03)/2

Adopied
Recommended
IT Intake Air
Temperature,
Maximum

EC.Q.05

EC.Q01<
(EC.Q.05 - 10F)
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CQuesions, Quesion 1Ds, and Users Answers

Environmental Condiions
Are the cooling Do you have Do you have Are the current cooling Do CRACH Are Do the cooling
sysiem temperaiure | acive, working | acive, working | system high and/or low unis have CRACS/CRAHs sysiem conirols
Acfions sensors measuring | humidiicalion dehumidiicaion | humidity imit sefpoinis forthe | ceniralized fighing each ofher | allow you o apply
air condisons that conirols? conirgls? IT intake air sghier than the (networked) or | (for example, correciion faciors
are represeniaive ASHRAE Recommended distribuied simuiianeously fo the signals from
ofthe IT equipmeant limits for your data cenier conirols? humidifying and the temperature
inake air Class? dehumidifying)? and humidiy
condions? sensors?
Acion ID Aclion Tile EC.Q.06 EC.Q08 EC.Q.09 EC.Q10 ECan ECQ12 EC.Q13
EC.A04  |Place lemperature/humidily sensors to geta No
good represenialon of the IT equipment iniake:
air condmons.
EC.A05 Recalibrate iemperaiure and humidity sensors. Yes
ECAQ6 | Networkthe CRAC/CRAH conirgls. Digtributed Yeg
EC.A03 Consider reducing the minimum humidiy Yes Yes Yes
sefpoint to maich the ASHRAE Recommended
imit for your daia center Class, or
disabling/eliminating humidiicaion controls
aliogether.
EC.AD9 Consider increasing the maximum humidiy Yes Yes Yes

sefpoint ©o maich the ASHRAE Recommended
limit for your daia cenier Class, or
disabling/eliminating dehumidiicason conirols
alogether.
EC.A10  |Change the humidiiers to a more eficient type, Yes
such as direct evaporaive or ulrasonic.

Yes

Example
If the user answers “Distributed” to input question EC.Q.11 and “Yes” to input question EC.Q.12, then action EC.A.06 is recommended.
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Cuesions, Quesdon |05, and User's Answers

Environmenial Condifons

Do you have Do you have lsthere a Humidity conirol sensor kocaion?
aclive, working | aclve, working CONANUCUS

Acfions humidiication dehumidificaion | source of
conirols? conirols? ouside air
admited o
the daia
cenier for
venilaion?
Acon ID Acion Tile ECQ.03 EC.Q.09 EC.Q.09.1 EC.Q09.2
ECAMN Consider disabling the humidity conirols infhe | Yes Yes Recirculaion Air Stream Cnly
recirculaion air siream, and performing all Yes Yes Recirculaion Air Stream Only
humidity conirel in the outside air stream only. | Yes Yes Quizide Air Siream and Recirculaton Alr Stream
Yes Yes Qutside Air Stream and Recirculaton Alr Stream
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Acton ID
ECA12

ECA13

Quessons, Quesson IDg, and Uszars
Answers

Environmenial
Condiions
Data Center Adapted
Class as per Recommended

Case Informasion

Aclons laest ASHRAE | IT Intake Air
Thermal Temperature,
Guidelines for Maximum
Data
Processing
Environmenis?
Acion Tile cla4 EC.Q.056
Consider raising your adopied Recommended |A1 < O0F (32C)
max T equipment infake air emperature o AZ < 95F (35C)
maich or exceed the ASHRAE Recommended | A3 < 105F (41C)
max for your data center Class. Ad < 115F (46C)
Caveat Above an [T air intake temperaiure of |B < 05F (35C)
around 75F, the speed ofthe [T equipmens  |C < 105F (41C)

infernal cooling fans may increase. The energy
penaky for this must be weighed against the
energy savings associated with a higher IT

infake air temperature.

Review your air management @ besier comply ECQO03<
with the adopied max Recommended IT intake (EC.Q.05 - BF)
air tlemperaiure during 100% mechanical

cooling.
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Acton ID
ECA4

ECA.15

Are the cooling
sysiem femperaure
Actions Sensers measuring
air condiions that
are represeniaive
ofthe | T equipment

Questons, Quesion |0z, and Uzer's Answers

intake air
condisons?

Aclion Tile

Consider changes fo your air management Yes
scheme fo allow your daia cenier 10 operate

near the ASHRAE max Recommended T
equipment intake temperaiure, and occasionally
between the ASHRAE max Recommended and

max Allowable iniake iemperature (per your

data center Class) during 100% mechanical

cogling.

I your data cenier is not already operafing near | Yes
the ASHRAE max Recommended IT equipmant
intake temperaiure, and occasionally between

fhe ASHRAE max Recommended and max
Allowable intake temperaiure (per your daia

center Class), during 100% mechanical

cooling, then adopt such operation.

Data centers can ofien go beyond the
Recommended range for addiional energy

savings by following the process oulined inthe
ASHRAE Thermal Guidelines for Daia

Processing Environments.

EC.Q.06

Environmental Condiions

Does your air management scheme, your
economizing system (if present), and your IT
equipment allow your data center o operaie
near the ASHRAE max Recommended IT
equipment intake temperaiure, and
occasionally between the ASHRAE max
Recommended and max Allowable infake
femperaure (per your daia cenier Class)
during 100% mechanical cocling?

EC.QOT

Mo

Yes
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Air Management (Step 2.4)

The answers to questions highlighted in yellow affect DC Pro’s calculation of PUE.

The entire table is too large to fit on one page; so the table is shown piecemeal below.

Agdon ID

AM.AD5

AM.A.0G

AM.ADT

AM.A0S

AM.ADS

Air Supply Path
Acfions
Acton Tide AM.Q.OT
Remove abandoned cable and oiher obstrucions from | Overhead Plenum
underficor and over-head. Underfoor Plenum
Implement a cable management program. Overhead Flenum
Underficor Plenum

Implement akiernaiing hot aisle/cold aisles.

Provide physical separafion of hot and cold air:
Provide semi-enclosed aisles (2.9., aisle end doors).
Provide fiexitle sirip curiains to enclose aicles.
Provide rigid enclosures 10 enclose aisles.

Use in-rack ducied exhaust,

Convertto variable speed fans that allow variason of
airfiow o meet cooling demand.

Questions, Question |Ds, and User's Answers

Is the cable
build-up in the
foor plenum
or the over-
head plenum
more than 1/3
ofthe plenum
height?

AM.QOTSE

Yes
Yes

Air Management

Isthere
program in
place for
reguiarly
managing
cables fo
allow
unobstructed
air flow?

AM.QOT.T

Mo
Ne

Degres
that IT
equipmeant
[
arranged
in rows?

AM.Q13

Fair
Good
Fair
Fair
Good
Good

Degree of
current
implementation of
akernaiing hot
and cold asles?

AM.Q13.2

Poor io None
Poor 1o None
Fair

Good

Fair

Good

Degresfo What
which hotand | kind of
cold aisles are | supply
currendy fully | fans
enclosed? arein
use?

AMQ13.28 AM.QI5

Poor o None

Poor fo None
Poor to None
Poor to None

Constant

Speed
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Aclon ID
AM.AT0

AMA

AMAZ

AM.A3

AMAAT

AM.A1B

Acions

Aclion Tile

Configure equipment in siraight ineups (rows) for
hoticold asles and caide management
Place supply devices in cold aisles only.

Implement a le/difuser locasion program.

|Uze appropriate overhead difusers.
Seal foor leaks (including cable cuiouss).

Implement a ficor-ighiness program.

Alr Supply Path

AMCOT

QOwerhead Ducis

COwverhead Plenum
Underficor Flenum
Underficor Plenum
Underfcor Plenum

lsthere a
fioor-
fighiness
(seaing
leaks)
programin
place?

AM.Q.O7 4

No

CQuesions, Quesion D=, and User's Answers

Air Management
Degree of Degres Degree of
sealing for thatIT current
cable equipment | implemenialion of
penetraions? | is aliernaiing hot
arranged | and cold aisles?
in rows?

AM.Q.07.5 AM.Q13

Poar o
None
Fair
Fair
Fair
Fair

Poor to None
Fair

AM.Q13.2

Fair
Fair

Fair
Fair

Fair

Fair

Supply Air: Where
iz the supply
placed?

AMQ13.23

Hat Aisles Only
Hot and Cold Aigles
Hat Aisles Only
Hot and Cold Aigles
Hat Aisles Only
Hot and Cold Aisles
Hot Ailes Only
Hot and Cold Aisles

lsthere a
difuzer/ie-
locaion (io
conserve hot
and cold
Fizles)
programin
place?

AMO13.24

Mo
Mo
Mo
Mo
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Aclon 1D
AM.A1G

AM.A21

AM.A 22

AMAZT

AM.A28

AM.A30

Actions

Aclon Tile

Usa supplemental cooling (for exampie, high density
areas).

Use adequaie rado system flow to rack fiow (iarget 1.0
or RTI=100%).

Balance the air-disiribulion system (difusers/iles).

Maintain 8ght racks to prevent bypass of air (blanking
paneie & 2ealing between racks).

Implemen a rack and lineup ghmess program.

Can your adopied
Recommended IT
equipment iniake
air condiion be
mainigined if you
trn off one or
more selecied
CRAC/H unis?

AM.OM

Shut off selecied CRAC/H unitz, and blank the supply or | Yes

redurn openings of the CRAC/H units to prevent backiiow
of air.

Iz there any

supplement
al cooling?

AM.Q03

MNang

CQuesdons, Quesdon 1Dz, and Uszer's Answers

Degree
that IT
equipmeant
is
arranged
in rows?

AM.Q13

Air Management
Isthere a Degree of
rackfineup- | current
fghiness implementation of
{using aiernaiing hot
blanking and cold aisles?
panels)
program in
place?
AM.Q131 AM.Q132
Fair
Fair
Good
Good
Fair
Fair
Good
Good
No
No

Degree hat
blanking
panels are in
place?

AM.Q13.21

Poor to None
Fair
Poor o None
Fair
Poor o None
Fair
Poor o None
Fair

Do some
areas ofthe
daia cenier
have load
densilies that
are more
than 4 fimes
fhe average
load density?

AM.C16

Yes

Iz the air-
delivery
sysiem
balanced
10 ensure
correct
airflow
raes?

AM.QAT

Mo

Mo
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Questons, Quesiion 1D=, and User's Answers

Alr Management Cooling
Does the Isthere | What Isthere an air- Cooling system type? Chiller type Water-side
CRAC/ air-side kind of | balancing economizer
Acdons CRAH/AHU | Tree supply | (allow proper
have afree cooling? | fans airfow
cooding coll arein | distribuson)
(waler side use? program in
economizer)? place?
Acton D Acion Tile AM.C.04 AM.QO5 AM.Q15  AM.Q18 CP.Q01 CP.Q01.2 CP.Q01.21
AMAIN Implement an air-balancing program. Mo
AM.A32 | Manualy reduce the speed of the supply fans to supply Equipped
only as much air as is needed fo keep the IT equipment with VSD
intake air condison within the adopied Fecommended
range. Alernafvely, provide automalc fan speed
conirols fo accomplish the same.
AM.A 38 Consider adding eiher an air or waterside economizer | No Mo Air-Cocled DX
fo the exiging CRACICRAH/AHU(S). Na Na Water-Cooled DX
Mo MNa Evaporafvely-Cooled DX
No No Chilled Waier Air-Cooled
No No Chilled Waier Waler-Cooled | None
AM.A3D Ifthe exising economizer(s) have never been Yes

commissionad or have not been refrocommissioned in
the past 2 years, refrccommission them.

Example
If the user answers:

“No” to input question AM.Q.04 and “No” to input question AM.Q.05 and “Air-Cooled DX” to input question CP.Q.01, or
“No” to input question AM.Q.04 and “No” to input question AM.Q.05 and “Water-Cooled DX” to input question CP.Q.01, or
“No” to input question AM.Q.04 and “No” to input question AM.Q.05 and “Evaporatively-Cooled DX” to input question CP.Q.01, or

“No” to input question AM.Q.04 and “No” to input question AM.Q.05 and “Chilled Water” to input question CP.Q.01 and “Air-Cooled” to input question CP.Q.01.2, or
“No” to input question AM.Q.04 and “No” to input question AM.Q.05 and “Chilled Water” to input question CP.Q.01 and “Water-Cooled” to input question CP.Q.01.2 and “None” to

input question CP.Q.01.2.1,
then action AM.A.38 is recommended.
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Cooling (Step 2.5)

The answers to questions highlighted in yellow affect DC Pro’s calculation of PUE.

CQuesions, Quesion |10z, and User's Answers

Cooling System Condensar Chiller Type | Chilled Waler | Water-side Cooling tower fan|  Type of Do you have What is the

Type? cooling sysiem Supply economizer conirol valves? premium redundancy
Temperature? eficiency level for
Acons modors on all HVAC
h cooling supply | sysems?
fang, pumps
and codiing
towers that
serve the data
cenier?
Acton D Acion Tile CP.Q01 CP.Q0.1 CP.QO1.2 CP.Q0.3 CP.Q01.21 CP.QD.22 CP.QMS5 CP.Q.06 CP.Q.O7
CPAD Add VSDs fo cooling tower fans. Water-Cooled DX | Cooling Tower Fixed Speed
Water-Cooled DX | Cooling Tower Two-5Speed Molor
Chilled Water Water-Cocled Fixed Speed
Chilled Water Water-Codled Two-Speed Motor

CP.AQ3  Ifthe exising chillers are in poor condison or aver 5 | Chilled Water
years ok, evaluate them for replacement.

CPAOS Convert all 3 way valves 10 2 way and close ofall | Chilled Water J-way
bypasses. Add V3D to pumps. Conirol pump speed
fo pressure. Congider reget of pressure safpoint by

demand.
CPA13  |Add iniegraied wakerside economizer 10 plant Chilled Water Water-Cooled None
Chilled Water Water-Codled Non-Integrated
CPA15 Recaibraie CHWS temperature sensors. Chilled Water
CPA16 Recalibraie CWS femperaiure sensors. Water-Cooled DX
Chilled Water Water-Cooled

CPANT Convert from air-cooled DX to water-cocled DX or | Air-Cocled DX
evaporaive precocled condensing units.

CPA12 Consider upgrading all cocling supply fan, pump, No
and cooling tower fan moiors 10 premium eficiency.

Example
If the user answers:

“Chilled Water” to input question CP.Q.01 and "Water-Cooled" to input question CP.Q.01.2, and “None” to input question CP.Q.01.2.1, or
“Chilled Water” to input question CP.Q.01 and "Water-Cooled" to input question CP.Q.01.2, and “Non-Integrated” to input question CP.Q.01.2.1,
then action CP.A.13 is recommended.
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IT Equipment Power Chain (Step 2.6)

The answers to questions highlighted in yellow affect DC Pro’s calculation of PUE.

Is there an UPs UPS Size
Uninierrupible | Technology | (KVA)
Acions Power Supply | Type
(UPS)?
Acion ID Acion Tile ED.Q.01 ED.Q01.1 | ED.QO1.2
EDAMN [fexising UPS is older | Yes

than 10 years, refrofit
UPS topologies for more
eficient ones.

ED.A02 Shut Down UPS Yes
Modules, Stand-by Yes
Generators, FOU=z when
redundancy level i high

enough.

Use High Eficiency MV
and LV Transformers.

ED.A.06

EDA15 Standby Generator block
heaier | heater water
jacket(s) (HW.) operate
wiith thermostat control.

EDA24 | Improve the lead balance
ofthe UPS, PDU, and
RPP between the

phases.

Change UPS DC Yes
capaciiors if older than 5
years.

EDAZ5

Example

What is the
average
load factor
per aciive
UPS
module?

ED.Q.01.4

<30%

Quegicns, Queston 1Dz, and Usar's Answers

Ur3 lstherea | Siandby lstherea | Istherea | Arethere
Redundancy = siandby generaior generaior | thermostat | PDUs with
Condguralion| generaior? power block onthe bui-in
configuradon | heater? genergior | fransiormers?
block
heater?
ED.Q.01.5 ED.Q.02 ED.Q021 | ED.QO22 ED.Q02.21 ED.Q.02
N
Yes 2N
Yes
Yes
Yeg Yes No
Yes

What are the Average Load| Whatis the
fypes of MV Facior per load
and LV Aclive PDUs/ | imbalance
fransformer(s)? | Transiormers | beiween
the
phases?
ED.G.031 ED.Q032 | ED.QO33
<25%
femp rise > 80C
=20%

If the user answers “Yes” to input question ED.Q.02 and “Yes” to input question ED.Q.02.2 and “No” to input question ED.Q.02.2.1, then action ED.A.15 is recommended.
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Lighting (Step 2.7)

None of the questions in this table affect DC Pro's calculation of PUE.

Actons

Acion 1D Aclion Tile

LT.A01 |Install energy-eficient lamps and ballasts, or
congider convering to LED lights.

LT.A02 | Install ighing conirols such a twist imer or
OCCUPanCy Sensors.

LTA03 | Consider convering flucrescent ights i LED.

Example
If the user answers:

Lighdng
Power
Density
[value]

LT.Q.01

Cuesdons, Quesion 1Ds, and User's Answers

Lighdng Lighiing Type | Whatfypeof | Whattype

Power lamps are of ballasis
Density used? are used?
[unis]
LT.Q.02 LT.Q.03 LT.Q.03.1 LT.Q032
Fluorescent T-12
Fluorescent Magnesc
Fluorescent T-8
Fluorescent T-12

“Fluorescent” to input question LT.Q.03 and “T-12" to input question LT.Q.03.1, or
“Fluorescent” to input question LT.Q.03 and “Magnetic” to input question LT.Q.03.2,

then action LT.A.01 is recommended.

How are the
lights
controlied?

LT.Q04

Hard-Wired
Manual Wal
Swiich
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