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Life of commercial buildings

Figure 3. About half of all commercial buildings were constructed before 1980
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Source: U.S. Energy Information Administration, 2012 Commercial Buildings Energy Consumption Survey
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example school — | didn’t even have to look hard...
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Recommended Steps

1.

o s W

/. Engage occupants

8. Make corrections as you go

Establish role for monitoring performance

Budget for integrated design;
Include Operations Staff in Design Process

Utilize simplicity in controls
Commission effectively
Train site staff

Monitor and report performance
(energy, comfort, [EQ)
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1. Establish a role for
monitoring performance

“when it’s everybody’s job, it’s nobody’s job”



2. Include Operations Staff in Design™

= “| was never consulted”
= “nobody asked me”
= “l could have told them...”

" “The design didn’t allow
for...”

example:

* Maintenance
* Access

* Expansion

*|.e. include budget for them to participate — set expectations



Build a Balanced Team

= Committed management

" Engaged financial staff who ¢
understand risks and rewards

" Trained building engineers
= Trusted contractors and vendors

= Utility account representatives

" Engaged and informed building occupants

" Trained and experienced design and Cx team



3. Simplicity in Controls Specs

ASHRAE Guideline 36; “best in class” control sequences
Heating and cooling plant, hydronic, radiant
Includes points list and schematics

Already available as a “drop in” from vendor(s)




Current research to improve
controls implementation
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4. Commission
Effectively

“The expectation of
owners and users should
be that post-occupancy
commissioning should
continue for at least two
seasons, so that there is
adequate time for a
thorough “shake-out” of
the operating systems “

Zero Net Energy Case Study Buildings Volume
1, Edward Dean, FAIA Bernheim + Dean, Inc.
Foreword by Peter Turnbull, Principal,
Commercial Buildings, Pacific Gas and Electric
Company, September 2014.
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5. Traln

" |f operators
understand
the plan they
can make the
best use of
controls

" Go beyond
manufacturers
training —
system
approach
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6. Monitor &
Report
Performance

Good News

“The future ain't
what it used to be.”

- Yogi Berra
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Energy Management Information

Systems — Broad Types

= DD, anomaly detection

_ Micro
= Sub-metering
= Portfolio
" Building over time Macro
“Put meters clearly on Increa5|_ng:
plans and in specs” * Detall |
-John Elliott, CSO, LBNL * Complexity

e (Cost



ASH
RAE Research Project RP 1633
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RP 1633 Results

Tasks Enabled by Systems

Alarm notification

Troubleshoot alarms or equipment faults

Keep track of scheduled maintenance tasks

Determine or benchmark overall building performance

Compare buildings across a portfolio or campus
Feasibility studies for capital projects

Demand response

Optimize system settings
Create reports
Get occupant feedback

Educate or engage occupants or visitors

m Control System

m Dashboard

10 15 20
Number of Responses

25



Results from ASHRAE RP 1633:
-ffective Metrics

Operating costs, energy and water costs, energy and water
consumption, peak demand, and greenhouse gas emissions

Normalize by area, weather, compare buildings to each
other, and compare to benchmarks (e.g. Energy Star).

Time-series charts and pie charts showing the contribution
of each building or utility to the total are recommended.

Overlaying whole building metrics, especially energy use
intensity, on color-coded campus maps draws attention to
outliers.

O&M personnel appreciated the value of color-coding maps
with whole building operating statistics and diagnostic
metrics.

Important to be able to drill down into information



Percent Approval of Visualizations by Questionnaire Type

100%
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The difference in ranking among the top 20 [visualizations] is very
small, ranging from a score of 2.5 to 3.07, while the full rankings
ranged from 1.44 to 3.07

RP 1633 Results — less clear

metrics and visualizations, and it
was clear that an inflexible, fixed
set of metrics and visualizations
would not serve the needs of all
stakeholders.




E.g. the highest-ranked metric

Building Size (ft*2) | % of Portfolio SQF
Building 1 463.249 45.62%
Building 2 418.663 41.23%
Building 3 133,552 13.15%
Whole Portfolio 1.015.464 -

2012 Expenditures Cost % of Expenditures
Total Operations and Fixed o
Expenditure $8.854 846 100.00%
Maintenance 51,086,546 12.27%
Utilities $2.538.660 28.67%
Fixed (ex. Taxes, Insurance, etc.) $1.523.196 17.20%
Cleaning 21.421.650 16.06%
Other $2.284 794 25.80%

“The most popular equipment-level management
tools were the time series and tabular raw data.”



Portfolio examples
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Baseload - +for all facilities ~  this week ~ cewpaved to  the last 30 days -~
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Single Buildings
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Cell color represents usage infensity, each row represents one day.

12am Zam 4am Gam dam 10am Noon 2pm 4pm Gpm Bpm 10pm 12am

Heat Map

Visualizations

August

i
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January Electricity Daily Trends (kW)
Building: Building 1 Building 2 Building 3
Utility: Electricity Gas Water




Building Level - Submetering

Bldg. 1 - Last 12 Months Electricity Usage
By End Use

B Cocking

W Cooling

I Lighting

Il Cther

B Space Heating

B Cffice
Equipment

B Ventilation

B Refrigeration

W Water Heating

Bldg. 1 - Last 12 Months Gas Usage By End
Use

B Space Heating
B Water Heating
B Cooking

W Other

#1 ranked graph for utility level info




Heating Coil Valve Positions - Last 7 Days

o
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/one-level: Diagnostic

Portfolio Operations Trends - Bldg1
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Auto FDD

Automated
Fault Detection &
Diagnostics

Site 1

Excessive Boiler Operation
Excessive Relief Fan Operation
Economizer Malfunction

Site 2
Excessive Relief Fan Operation
Economizer Malfunction




Circuit Level

Image Source: Qutsmart Inc.
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FDD — Sensor Level

" |ntegrates with controls platforms
= Tag data to organize

=  Run rules to look for issues
Image Source: SkyFoundry

bl A
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Managing
Plug
L 0ads

" Choose best practice
= Sub-meter them

= Control them

UC Merced Classroom & Office Building
Measured Annual Energy Use (2010)

Coaling
10%
Heating (Gas)
26%
Ventilation Lighting
4% 32%
Plug Load

28%

Zero Net Energy Case Study Buildings Vol. 1 and 2, Edward Dean, FAIA, Bernheim +
Dean, Inc., Foreword by Peter Turnbull, Pacific Gas and Electric Company, Sept. 2014



Types of Controls: Plug Loads

25% - Desk or occupant level controls

30% - Centralized power management
through the company network

15% - Outlet level controls

30% - Individual or group level systems

rﬁﬁ% »Most (64%) buildings surveyed use plug load controls or monitoring

CABA

= new buildings
nbl institute J

©2015 CONTINENTAL AUTOMATED BUILDINGS ASSOCIATION. ALL RIGHTS RESERVED.



Power Strip Occupancy Sensors

"= Reduce operating hours Always On Plugs
e QOccupancy sensors ‘ ko
* Slave plugs to PC

= Costs are approximately
S100/unit

TRl
10}

10
10
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Plug load control - integrated

Use the same
occupancy/vacancy sensor
as lighting and/or HVAC




PC Power Management Software

PCs operate long hours (mostly idle)

Can deploy software via IT infrastructure
Globally sets time-out duration

Allows IT staff to push updates

Costs approximately S20 per seat license




. Engage Occupants

=  Motivating employees/occupants
= Education and training

= Early involvement

= Feedback

=  Engagement

= Gamification approaches



Monitoring comfort / IEQ

= Occupant surveys

* CBE has one that you can purchase
www.cbe.berkeley.edu/research/survey.htm

* Do your own (surveymonkey, e.g.)
see ASHRAE’s Performance Measurement Protocols for
Commercial Buildings

= Real-time feedback
 Thermovote (U.C. Merced prototype)
* Genie
 Comfy



CBE’s Survey Tool

Thermal Comfort

Which of the following do you personally adjust or control in your

workspace? (check all that apply)
Window blinds or shades

Operable window

#| Thermostat
Portable heater
Permanent heater
Foom air-conditioning unit
Portable fan

#| Ceiling fan

Adjustable air vent in wall or ceiling
Adjustable floor air vent (diffuser)

Door to interior space
Door to exterior space
Mone of the above
Other:

How satisfied are you with the temperature in your workspace?

Very Satisfied QE. [ .

| B very Dissatisfied

Overall, does your thermal comfort in your workspace enhance or
interfere with your ability to get your job done?

Enhances éﬁl [ ol ] l@[nterferes

| Continue |

Survey Progress...

All contents copyright @ 2014 The Regents of the University of California. All rights reserved.
Revised: March 20, 2009



Mean Satisfaction Score

& CBE Database @ Green/LEED A Mixed Mode
(n=393) (n=66) (n=12)

0.59
0.27

0 3073 —

Results of CBE thermal comfort survey |

_3 ¥ T 1 k)
0 25 50 75 100
Percentile Rank

Measuring Commercial Building Performance, Protocols for Energy, Water, And Indoor Environmental
Quality , Bruce D. Hunn, Ph.D., Fellow ASHRAE; Jeff S. Haberl, Ph.D., Fellow ASHRAE; Hywel Davies, Ph.D.,
Member ASHRAE; and Brendan Owens, Member ASHRAE, ASHRAE Journal, July 2012



09:40 UCSD = Main ' EBU3B / 2140

Thursday .
e EBU3B - 2140 (Research Laboratory/Studio)
Environment Information HVAC Control
Weather Overcast
Tem - ure 1 1 e Energy Usage Room Temperature Status Temperature
Fowerad [ wundearground
’ \ ' C H
EBU35—215U 73 oF.
28 kW 56°F On Updated: Jul 23 09:37
ated: Ju :
Temperature 745 °F Updated: Jul 23 09:37 Updated: Jul 23 09:36 Updated: Jul 23 09:39 P
CSE Avg: 1.9kW CSE Avg: 72.2°F *¥ou are sharing this HVAC with room 2140 occupants. Please be
Energy Usag& 0.6 kW considerate ufgtheir preferences. ’
HVAC Status ON
Schedule
EBU3B-2140
Weekday schedule: 07:00AM - 07:00PM
Temperature 75.6 °F My room schedule: 10:00AM - 05:00PM
Energy Usage 2.8 kw
HVAC Status ON Weekend and night schedule: Press button to turn HVAC on and select duration

How are you feeling now ?

Shared Rooms
EBU3B-4109

Source: Genie: A Longitudinal Study Comparing Physical andSoftware Thermostats in Office
Buildings Bharathan Balajit , Jason Koht, Nadir Weibelt , Yuvraj Agarwalt TUniversity of California,
San Diego $Carnegie Mellon University tSan Diego, USA #Pittsburgh, USA



Gy
Your Current Zone

Floor4
401 and 402

Warm My Space

| Am Comfy

SI M p‘er " Provides users feedback and direct control
. = Widens VAV dead-bands (occupied and un-occ)
| nte rfa ce =  Machine learning for occupancy periods



Energy Chickens Study Animation 111513
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Gamification” Approaches
or “did he say Energy Chickens?”

www.youtube.com/watch?v=6B_ID9ghAvg




Recommended Steps

1.

o s W

/. Engage occupants

8. Make corrections as you go

Establish role for monitoring performance

Budget for integrated design;
Include Operations Staff in Design Process

Utilize simplicity in controls
Commission effectively
Train site staff

Monitor and report performance
(energy, comfort, [EQ)
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