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Traditional Approach to Building Energy Management

e Buildings treated as “static systems”

“Fixed design” for Failure to keep up

Static energy with changes in

specific
occupancies and é management occupancy,
stable operating approach condition, or

profiles behavior

e Even with building automation:

— Initial set-up for conditions that likely changed
long ago

— Short-term “bypasses” and other re-programming
Increase energy consumption

e Limited or no information to make decisions
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Lost savings
opportunities &
wasted energy
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Importance to Utilities and Regulators

Conventional program approaches reaching limits
Higher standards make it more difficult to find
and increase cost-effective savings

— Most C&l efficiency programs focus on equipment

Evaluation uncertainty increases risk of reducing
claimed savings
— Deemed savings, prescriptive algorithms, and even

custom analysis assume fixed conditions that will
eventually change
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The Components of Consumption

§

Dynamic Properties
Information to duty cycle
systems efficiently

Load Analysis & Disaggregation
Information to discover which
loads should be duty-cycled-
and which ones could be

improved through upgrades

g

. i“rl

432,800KWh/year => $80K
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Must know the state of loads and occupants and let information drive

the decisions for savings
AEG
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What’s Available Now?

 More sophisticated analysis

— Algorithms now capable of disaggregating
consumption data with high degrees of precision

* |nexpensive, low touch wireless data collection

— Allows real-time monitoring of key end uses,
occupancy, and building conditions

e Software-as-a-Service (Saa$)

— Provides effective, continuous feedback for taking
action
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Building Dynamic Data Collection and Uses: Three Steps

CONSUMPTION AUTOMATED
PROFILING SAVINGS

Interval Data Analysis*™ Wireless Sub-metering Simple Controls to realize

Identify Opportunities Occ., Temp. & Humidity Sensing savings

Track Progress Hours of Operation Intelligent Thermostats

Measurement and Verification  Detailed Load Analysis Custom Controllers
Savings Recommendations Interface to existing EMS

Identify and implement operational savings at high cost-effectiveness

AEG *Can achieve meaningful results with historical billing
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How Does It Work?

- Web Portal

Sensors monitor building conditions and
occupancy

System identifies wasted and unoptimized

energy usage

I \ Saa$
System drives BMS controls (or provides

Cloud
Service
real-time feedback to facility managers)
System tracks actions and quantifies
. © = ©§ Host Blldin savings
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Hardware

Generates reports and alerts
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Continuous Commissioning and Evaluation Now Possible

e Continuously monitor the building and make changes as you go

e |dentify the changes related to occupant behavior
— Where is the redundant usage?
— Are the schedules and zones properly defined?

* Monitor consumption per end-use class

— HVAC, lights, occupant-loads, water-heaters, etc.
* Use intensity metrics at the sub-load level to refine the operation
 EMS system interaction — read the sensors, pass control decisions
* Regular evaluation reports against benchmarks

— Can see effects of behavioral and equipment changes nearly in real time
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What Does This Look Like in Practice?

Office Building Case Study
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Customer:
Address:

City:

State:
Building Size:

Case Study: Office Building

New London County Insurance Co.
101 High Street

Norwich

T

46.612 Square Feet

Energy Efficiency Measures 30%

Electricity Consumption - kWh Monthly 71,112
Electricity Cost - $ / kWh $0.16
Energy Efficiency Target 15%
Target Reduction - kWh Annual 128,002
Target Reduction - $ Annual 520,480

-10%

-20%

-30%

Electricity Use - 2011 & 2012
% Yr to Yr Dollar Variance

20% -

10% -

0% -

ar Apr May Jun

Building analytics data collection began in July 2011 and resulted in a reduction of
69,848kWh over the same period in 2012

— HVAC optimizations, light schedule optimizations extracted from occupancy

analysis
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Baseline: Behavior De-Coupled from Consumption

Coupling occupant behavior to consumption to provide accountability of expenditure

Second Only one

occupant occupant H
. e itinaone o 1. Data Collection
occupant HVAC & Lighting occupant .
arrived i power optimizations Y left SenSIng |nfraStrU CtU I"e

Ligl’)}ir By

possible -“;f“ﬂ i
F ol Mﬂ%& Scalable Sensing Network
2000 N A)—h | W““"'—“W)l\.__f

l ,s i . . .
Higloale # wmeaor 2. Behavior Algorithm
HYACturnedon —>/ S —— i Eﬁg o
—— B e | | S = Couple Energy Consumption
EHss 1 ey i B | v . . . .
=== 1A Behavior Savings via Behavior
i R
= Change
0100 1RN LR LTI — 3. Reporting

. S — Monitor Time, Occupancy &
Energy Control Future Loads

A EG Savings projection from pilot deployment
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Relationship Between Consumption & Behavior

Detected Stop

18
9
00:00 12:00 00:00 12:00 o0:00
221010 H2A%-10 211 21011 221012
Bullding Energy Performance

Total Consumption
Total Consumption Cost
Achleved Savings (selected time window)
Achleved Savings (selected time window)
Projected Annual Savings
Projected Annual Savings
Savings to Date
Savings to Date
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From Wed Oct 10 00:00:00 2012 to Wed Oct 17 23:59:59 2012

12:00
Hrz-d0-12

1855 KWH
20694
418 KWH
66,94
SEDTT KWH
£8972.47
14128 KWH
S2260.53

<— Occupancy Patterns —
le— Scheduled Stop

00:00
21013

Start Date:
End Date:

Indoor temperature:

HVAC Loads
Outdoor temperatur(;\

i,
1200 00:00 1200 oce00 1200
21013 121014 421014 W12-1015 W1210-15
Report Parameters
2012-10-1C Start Time: 00:00:00
2012-10-17 End Time: 23:59:59
Regenerate Report

12:00
AT

00:00
AT

NLC Bullding Information

Address

MLC Building

101 High Street
Morwich, CT 06360
Area: 48612 Sq. FL
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Using Data for Multiple Functionalities

Power
60 KW
50 KW ES
a0 kW Visibility into
30 KW
o] 1 == Internal Load
Tokw Af;'_%é%ygé% 1 Patterns
e i e TR
0 KW 47:00 12:00 20:00 04:00 12:00 20:00 04:00 12:00 20:00 04:00 12:00 20:00
12/23 12/23 12/23 12/24 12/24 12/24 12/25 12/25 12/25 12/26 12/26 12/26
12,500
. _1oo0  Immediate
e
havior Patterns E 1,500 Savings
Intelligent Control based on Beha 4).5 £ 000
(3-]
o m B I
2 % % % %
A S R T
. Continuous
Social norms
Performance

and behavior
modification ?w:uu 1200 0000 1200 0000 1200 7::;::% ,l,:,w, Tel:':il:uralurlezm 00:00 1200 0000 1200
to conserve

Reporting
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Electricity Use (KWH)

Detailed Load Analysis

Electricity use breakdown NLC Building
From Wed Oct 10 04:00:00 2012 to Thu Oct 18 03:59:59 2012

100
a0
60
40
20
0 P . W .Y 1 I
10, Oct 11. Oct 12. Oct 13. Oct 14. Oct 15. Oct
= CHiller 2 = Chiller 1 — AlF Handler — Exterior Lights — Boiler — Lighting — total
Bullding Energy Performance Report Parameters
Chiller 2 733 KWH (9.5%)
Chiller 1 547 KWH (B.73%)
Air Handler B04 KWH (7.8%)
Extarior Lights 2152 KWH (27.9%) Start Date: 2012-10-1C Start Time: 00:00:00
Boller BT KWH (11.4%) End Date: 2012-10-17 End Time: 23:59:59
tackaa
Lighting 2820 KWH [36.5%) e JenerTr g
Total Consumption TTOE KWH

Proj. Annual Consumption 19308 KWH

Proj. Annual Cost
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£51089

16. Oct 17. Oct

NLC Bullding Information

Address.

NLC Bauilding

101 High Sirest
Norwich, CT 05380

Area; 46512 Sq. FL.
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Date

Date

Date

Date

Automated Schedule Discovery

Snapshot from automated schedule extraction based on occupancy

Optimal HVAC Schedule Selection Based on Occupancy for Mondays

T T T T
Optimal Start: 06:48 : : Optimal End: 17:57

Mon 08/27 - -
Mon 08/20
Mon 08/13
Mon 08/06
Mon 07/30
Mon 07/23

1st Floor, South Wing

1 1 L 1 1
12am 2am 4am 6am 8am 10am 12pm 2pm 4apm 6pm 8pm 10pm

Optimal Start: 06:26 - : Optimal End: 17:49
Mon 08/27 : :
Mon 08/20
Mon 08/13
Mon 08/06
Mon 07/30
Mon 07/23

2nd Floor, South Wing

12am 2am 4am 6am 8am 10am 12pm 2pm 4pm 6pm 8pm 10pm

T T T T T T T T = T T T
Optimal Start: 07:28 - - Optimal End: 16:47
Mon 08/27 : :
Mon 08/20
Mon 08/13
Mon 08/06
Mon 07/30
Mon 07/23

2nd Floor, North Wing

12am 2am 4am Gam 8am 10am 12pm 2pm 4pm 6pm 8pm 10pm

T T T T T T T T T T T
Optimal Start: 07:37 : - Optimal End: 15:52
Mon 08/27 E E
Mon 08/20
Mon 08/13
Mon 08/06
Mon 07/30
Mon 07/23

3rd Floor

area occupied

12am 2am 4am 6am 8am 10am 1Z2pm 2pm 4pm 6pm 8pm 10pm
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* Further HVAC
optimization

* Integration of
occupancy models in
decisions

* Interior light controls
and exterior light
replacements

e Chiller optimization
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100,000

80,000 -

60,000 -

40,000 -

20,000 -

Achieved Savings

Electricity Consumption by Month - kWh

Weather Normalized

Jan Feb Mar  Apr  May  Jun Jul Aug Sep Oct Nov  Dec
m 2011 m2012

16



Power (KW)

Identified But Not Realized

FromMon Oct1 00:00:00 2012 to Sat Oct 6 02:59:59 2012

20 120
g1 108
72 20
o &4
54 72
45 (1]
36 a8
Py \ 30
\/
18 Q B 24
A '\ I.
9 { 12
| ) o)
0 - — . O
00:00 1220 0000 1200 00200 1200 00900 1200 00200 12100 00:00
2121001 2121001 D124002 D002 D2003_ D124003 2121004 B12-1004 121003 221003 212-9.08
| 88 savings Opportunity @ Occupaney @ HVAC Power — Outdaor Temperature  — Indoor Tem peraty re

e Shut-off the HVAC loads when occupants leave the building

 Measured over 1 month, savings extrapolated to 32,000kWh
over summer season

* To be implemented summer of 2013
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',,"“s‘ Applied Energy Group 17

@ aanmedus |



User’s View — Consumption Summary

User Portal

Electricity Usage and Cost
| New London Insurance Company v | ————— Category o Electricity
101 High St Savings to date $ 9!772 Consumption/ Cost 2011 123,252

Norwich, CT 06360
Area 46,612 Sq. Ft. — Electricity Rate $0.14 /kWh

Building Information

113,480
[$2.43/sqft-yr

36,729 kwh g
== Consumption/ Cost 2012

Energy Intensity (last 12 months) |17.52kWh/Sqft-yr

Consumption Summary Change to: [ Weather Normalized

Consumption Breakdown

Lighting (32.78%)
17

UPS (3.74%) Elevator 1 (0.03%)

6,603 58
Air Handler (7.38%)
13,010
Elevator 2 (0.18%)
309

Exterior Lights (24.57%) Chiuezfozt;]s(l)-sl%) B 2011 kWh | 2012KkWh @ 2011 Dollars @ 2012 Dollars

43,330
Building Description

The NLC building is an owner occupied building built in 1991. The building has 3 floors. The third floor is half occupied
and has a lot of skylights. The building is used as office space for the New London County Insurance and has an onsite
facilities person. The building is heated with gas and cooled by 2 electric air chillers inside the building. NLC has a new
Delta Controls BMS system installed with the help of NPU in 2010, maintened on-request by NEMSI. All the interior lights
were upgraded to energy efficient T8s in 2010. The building has a large driveway that goes up the hill with a lot of

Chiller 1(9.94%)

Boiler (9.77%)

17,235 exterior lights driven by light sensor.
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User’s View — Load Disaggregation

User Portal

Building Information Load Disaggregation

[ New London Insurance Company
101 High St
Norwich, CT 06360

mm unclassified
mm Chiller 2

am Chiller 1

= Lighting

wm Exterior Lights

Area 46,612 Sq. Ft.
Electricity Rate $0.18/kWh

mm Boiler
- UPS

o Air Handler

Consumption Breakdown

Power Consumption (kWh)

{ Elevator 2
W Elevator 1 (0.05%) . ’ e

1 3 4 [; 5 7 8 9 1 11 12 1 14 15 Elevator 1
M Elevator 2 (0.06%) = : & Iy i 9 10 11 13 15 -
I Air Handler (5.03%)

UPS (5.3 = ¥
L o Occupancy and Consumption Dynamics Jump to:
1 Eoiler (5.4750 -

W Exterior Lights (14.145%)
I Lighting (19.63%)
Chiller 1 (0.16%)
Chiller 2 (0.17%)
I Unclassified (50.00%)

¥

Electricity Usage and Cost

Category +/ Electricity $ Cost

1
Consumption this period %0 KWH !SO

Power Consumption (kWhj

Energy Intensity 17 kWh/Sqft-yr '$3.l 5/Sqft-yr
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Summary

Traditional approaches are running out of
potential (especially with low avoided costs)

Changes in technology now allow much better
understanding of building operations and
consumption

Continuous monitoring and commissioning how
possible

Opportunities for new types of energy efficiency
programs and services based on dynamic data
collection
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