*Quiet Revolution in Energy Savings
*Smart Buildings NJ
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*Smart Buildings NJ, Division of Scientific Air
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*Third Generation in HVAC, 2 Electrical Engineers
*Steam, Oil, Gas, Electric, Heat, AC (electric and absorption)...

* Office Buildings, Factories, Warehouses, Schools, Churches,...

*Saving energy before it was ‘in’ or Green.
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*Presentation

* Basis of the revolution, enabling technologies

* Energy Use by year of construction
*How they sell you energy, KWH
*How to Save Energy

* Where are you now?
* How to get to where you are going
* Free Lunch

* Comfort levels go up
* Complaints go down
* Productivity improved

* Remote monitoring & diagnostics
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*New Tools and Systems, “As large a change as AC
in the 1960’s”

*Sophisticated Solutions now cost effective under
200Kk ft. Electronics and network software.

* VFDs

* BACnet, (IOT, Internet of Things, M2M)
* Sensors, Temperature, CO2, Enthalpy
* LEDs

* Building Simulation

A
Tom Leach, Tleach@Scientific-Air.com, 201-704-1149
Cal Uretsky, CUretsky@Scientific-Air.com, 201-988-1657 SC!ENTIFIC

Heating & Air Conditioning Specialists 18 Jackson Avenue
Residential & Commercial Wayne, NJ 07470



*Linear Energy Savings
* ASHRAE codes

Cheat Sheet Iltem 90.1-2004 | 90.1-2007 | 90.1-2010  189.1-2011 Worst to best
Heating Efficiency 80% 80% 80% 81%
Energy Eff Ratio Cooling Efficiency (EER) 10.3 11.2 11 11.2 9%
Integrated Part Load Value Cooling IPLV 11.4
Economizer NR Yes Yes Yes
Senice Water Heating SWH Efficiency 80% 80% 90% 80% 0%
Roof Insulation (R value) 15 15 20 25 67%
Delta T/ Heat Flux Wall (R Value) 13 13 13 13 0%
Continuous Cl (R value) 3.8 7.7 7.5 10 163%
Slab 10
BTU/SF Window U Factor 0.57 0.55 0.42 0.45 27%
Solar Heat Gain Coeff. Fraction of solar into building |Window SHGC 0.39 0.4 0.46 0.35 11%
Lighting Power Density LPD (W/SF) 1.0 1.0 0.9 0.9 11%
Energy Use Intensity Aw EUI (kBTU/SF/YT) 51 47 36 25 104%
Operating Cost Dollars / ft/yr $ 3.98]% 3.67|% 281 |$ 1.95
Excess Energy Cost Penalty $ 203 % 1.72] % 0.86 | $ -
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*PSE&G Bill

PSE&G Electric
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KW Charges

Summer Peak
Winter Peak

KW 5 month peak
KW, 12 month peak
KWH, On Peak
KWH, Off Peak

KW, Transmission
KW, Generation

23 line items on bill



*Electric Bill
* Pay two buckets, KW (kilowatt) & KWH (kilowatt hours)
*Reduce KW, Hours, or both

Figure 3 - Typical Office Building Load-Profile — Baseline Scenario
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*KW Charges, 5 month peak and 12 month peak

* PSE&G is part of PJM

Weekly Annual

Hourly and average daily demand in the PJM Interconnection (August 2012-July 2013) =
gigawatts Cla

180
160 annual hourly maximum = 155 GW

140 average daily maximum = 130 GW
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0 f T 1 T T T T
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— hourly demand ——average daily demand

Source: U.S. Energy Information Administration, hased on PJM o data
Hote: Demand for East Kentucky Power Cooperative, which joined PJM on June 1, 2013, is not included to maintain a
consistent footprint throughout the year
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*Presentation
* Basis of the revolution, enabling technologies
*Energy Use by year of construction
*How they sell you energy

*How to Save Energy
* Where are you now?

* How to get to where you are going
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* ASHRAE Audits
*1. Walk through, almost worthless
* 2. Model with BSO and compare bills to expected

* 3. Difference analysis, “What’s wrong and how to fix”
* Need detailed ‘as is’ plan.

* Model expected savings

Type of . o

o Brief on-site survey of the building

e Savings and cost analysis of low-cost/no-cost Energy Conservation
Measures (ECMs)

¢ Identification of potential capital improvements meriting further
consideration

Levell

More detailed building survey

Breakdown of energy use

Savings and cost analysis of all ECMs

Identification of ECMs requiring more thorough data collection and analysis

(Level 3)

Level 2

Attention to capital-intensive projects identified during the Level 2 audit
More detailed field analvsis

More rigorous engineering analysis

Cost and savings calculations with a high level of accuracy

Level 3
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*Plan, Building System Optimization

*Model building with real world data for region.

¥ " Building Properties
Busiding Footprint
General information
Builang Type [Ofnce E]
Building Subcategory Il.hc-nse (3-8 stones) :J
Builang Kenbfier |8L01
Builging Informaton
Building Shape [T-shapec =
Zoning Method [E, eposure ;I
.
.
X1
201 /
Z08 209 202
207 203
Y1
b
206 204 Y2
208
X3
Wizard Screen | - Help

Builging Dimensicns
X1 | 1500 ® Y1

X2 500 R Y2

X3 500 R

Penmeter Zone Deph
Number of Floors
Floorto-8ocr Height
Floor-to-ceiling Height

Window Area (% of Wall)

Summary
Number of Spaces Created

Total Buliding Floor Area
Floor Area by Floor
Gross Wall Area

Total VAndow Area

[ o
[ wan
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*Plan, Building System Optimization

1@ Equipment Properties - [CW/HW Air Handlers)

Description

Name [CViHW A Hanciers

Igentifier [q_rz Notes |
Equipment

Equoment Tipe [ Cnitled vister AHUS -
Healing Type [ ot viatec =
System Type I VAV Parallel Fan Powered Muing Bowes ;]
Configuraion | One AHU per Ficor -
Operatng Schedule (30 1 Office HVAC =l

Ar-Sige Schematc

Key Features
O4 Economizer

DCV Control
Ventiation Reclaim
Indoor Fan
Dehumidification
Humidifier

[Integratea Enthatpy

[Notusea

IEnug, Recovery Yentiator (ERV)

[Formard Cunvea Fan, vaniable Speed

[Hurmedistat

Led Lo Lef Led L] Lo

[Dlrect Steam Ingection

vizara Screen 1013 Detats |  Hew | Cancer
A
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*Plan, Building System Optimization

¥ Utility Rate Properties

Electnc Rate
Rate Name [ Georgia - E4 2009 - Energy | 0.08960 $4WVh
Rate Type [ simple | Demand | 0.00000 $AW
|  coze | 1670 1AWH
Fuel Rates |
 Natral Gas [~ Fuel Ol [~ Propane
Rate Name | Georgra - E14 2009 |
Units of Measure [ mcF :]
Conversion Factor [ 1000.00000 sETUMCF
Price 11.70000 SAICF
CO2e Emissions | 123.000 BAICF
Help Cancel
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*Other Input into Simulation Model
~.

Essex NJ Airport Temp, Min/Max
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*Plan, Building System Optimization
* Accuracy is within ~ 5% of the bill for existing modeling
* Relative changes very accurate

*Do we need to fix things to get back to the baseline?

1% Reports Viewer =i b4
He beb
. -~
Energy Cost Comparison
Projpect BSO11 Exampie Problem
Prepared By Carner Corporston Zal
A Summan
Criteria Atematve Value
Loven Energy Cost JALTZ - RTUS - VFD-ERV-High E ficiengy 521142
jovast Energy Use ntensty JALT2 - RTUS - VWD-ERV=High E riciency 4505 kBTU/Aq
Levast CO2e E maaicns JALT2 - RTUS - VED=ERV=High E Micieacy 416154 &
Energy Cost (§) Energy Use Intensity (kBTUW'sqgft) CO2e Emissions (Ib)
es 4852 712781
-~
4508 416154
o
- £ 98 - 42,081
a8 5 = 438,010
ATe
Annual Cost and Energy Use
ALTI -RTUS - SWEM | VFBERVANIGn | ALTS -Chilied Vister | ALT4- Chilled Viater
Fificiancy VAV - Std Eff VAVVFD-ERVMEH
jannusl Erergy Cost $28.704 £21.143 $28.738 $22.044
anngal Energy Use - Eieconc govh 426 798 158872 aT0TTE 212980
annedl Easrgy Use - Naturs! Gas (MCF Q é70 ™ €70
annaal Energy Use - Fuei 04 (na 0 0 0 ¢
lanngyl Ecergy Use - Propane (na 0 0 0 0
Total St Enargy Use ABTU 1.458.22¢ 1.351.817 1654472 1.356.272
£ nergy Use intensey («BTU/sqt 844 4508 88.18 s
CO2e Emissions (B 712781 418 154 42 081 433010 -
< >
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*Presentation
* Basis of the revolution, enabling technologies
* Energy Use by year of construction
*How they sell you energy

*How to Save Energy
* Where are you now?

* How to get to where you are going
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*Building Automation and Control Network, BAC-net

BACnet Applications

* HVAC control

* Fire detection and alarm
* Lighting control

* Security

* "Smart" elevators
 Utility company interface

A
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"Native" BACnet

BACnet LAN - Ethernet, ARCNET, MSTP, LonTalk, or BA Cnet/IP

mm BA Cnet BA Cnet
Workstation Field Panels
wets @

Sensors and Actuators

Native BACnet devices provide BACnet
communications directly, device to device

A
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*BacNet Electric Monitoring

11-eh-00 24T PMBST
:\':' V ey
&2

CalPERS

[PDU-6 Panecl Board A

panelBoard = A
| Phase Number = 0
i : = | Description ¢ >

k,.,.,;. H.]

P

Breaker Ratings (Amps) =] 295 G]| Tweshold Counter |

Phase A Warning Alert = | 1350 A

|| 1923.0 | Reset |

Phase A Alarm Condition = 180.0A

1[1923.0 | reset || .=

Phase B Warning Alert = | 135.0 A

|[=580 [meset]i

|[ 258.0 | Reset |

| T

Phase B Alarm Condition = | 180.0 A
* phase CWarning Alert = =~ 135.0A
Phase C Alarm Condition = | 180.0 A
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AD  BO

e %

Global Hysteresis =[+000005 olx 00=JH |

Lo

=

Technical Support
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*New Sensors and Systems

*0ld temperature control was simple on/off
* Temperature sensors allow for partial load control
* €02 sensors allow building to auto adjust to load

* Enthalpy Sensors allow ‘free’ cooling

*Requires Communications, BACnet

* Partial Load is where the big savings are
* Where control makes a difference
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*Monitoring, Is it doing what it supposed to do?

Adiuk

Avg Demand (10-22-13) Avg Demand (10-16-13) Peak Demand (10-22-13) Peak Demand (10-16-13)

A
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*Model Office Building, 30K ft. total, 2 story
*Requires a Building Mgmt. System, BACnet

*Demand Control Reset

* Measures worst case VAV box, throttle wide open
*Integrated Enthalpy

* Economizer
*Demand Control

* €02 sensor for fresh air makeup

+/2. Annual Costand Energy Use
VAVO00 - Sample VAVO04 - Sample VAVO7 - Samply VAVO7E - Sample
Annual Energy Cost($) $102,259 $100,322 $99,253 $81,092
Annual Energy Use - Electric(kWh) 480,833 471,973 467,043 358,779
Annual Energy Use - Natural Gas (na) 0 0 0 0
Annual EnergyUse-Fuel Oil (na) 0 0 0 0
Annual EnergyUse-Propane (na) 0 0 0 0
Total Site Energy Use (kBTU) 1,640,603 1,610,371 1,693,552 1,224 153
Energy Use Intensity (kBTU/sqft) 5469 53.68 53.12 40.81
CO2eEmissions(Ib) 802,992 788,195 779,963 599,160
a
A
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*Previous Building, $81,092 Energy Costs
*Out of date maintenance, nothing crazy
*Dirty filters (Raises static pressure)
*Dirty coil, (Lowers EER)

* Economizer not working

$8,442 Excess energy cost, +10%
- A lot more than a few filter changes
- BMS System allows you to spot changes

"I. Summary
Criteria Best Alternative Value
Lowest Energy Cost VAV00- Sample 589,534
Lowest Energy Use Intensity VAV00 - Sample 4529kBTU/sqft
Lowest CO2e Emissions VAV00- Sample 664,9921b
Tom Leach, Tleach@Scientific-Air.com, 201-704-1149 0
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*What we do with a building management system

* Elevates level of control and comfort possible
* Advanced Scheduling,
* Integrated Enthalpy, Use free cooling
* Demand Control / CO2, auto adjust building
* Peak Shaving
* Demand Anticipation
* Lighting
* Security

* Monitors actual versus expected performance
* Optimize to building limits

* Monitors actual versus historical performance
* Guides maintenance and trouble resolution

* Allows remote access and control

A
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* Implementation 1
* 3 Floors Office Building, 70K ft. total, Cooling Tower, 300 ton, Paramus
* No VFDs, 75 heat pumps, 2 - 20 HP fans, staged

* 1 Clock per floor

* $4.20/ft. -> $3.66/ft., $.54/ft. savings, 13%, $37,800

* Network Thermostat system
* View whole building on PC

* Better ‘stats

* Reloads program every night, Turn all off on Sunday

* Number of tenet complaints plummeted

*

Free Lunch, Something / Nothing

Stage 2 Project (1/12/15)
- New Cooling Tower
- 2 VFD drives, Circulating pump & Fan

Tom Leach, Tleach@Scientific-Air.com, 201-704-1149 1
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*A CFO look at the previous project
*$80K investment / Good Savings
*How do I pay for it?

* Our job to help you understand

Investment $ 80,000 Cash Flows over the Project
Annual Savings $ 37,800 70,000
Equipment Life 15

60,000
LifeCycle Savings $ 649,377 50,000
Simple Payback 2.12
IRR 51% 40,000 -
NPV $ 413,014

30,000 A
Discount Rate 5%
Utility Increase 3.50% 20,000 1
Term 3.00 10,000 -
Rate 7.8%
Yearly Payment ($30,903) 0
Total Finance Cost ($92,708)
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*Implementation 2
*50,000 ft, 2 story, Class B, Paramus N]J
*Water source, Cooling tower

* Fix night set back, didn’t work

* 50 units, 7 clocks, 2 were working

* Didn’t have a pre-bill

* Post bill $3.20 / ft vs $3.67 std Investment 2,500

Annual Savings 23,500

Equipment Life 15

LifeCycle Savings 450,949

Simple Payback 0.11

IRR 943%

NPV 301,754

Discount Rate 5%

Utility Increase 3.50%

q . q A
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* Implimentation 3

* Three buildings, Rental Apts, 12 /unit
* o

o«

Gas Bills killing us”, “People have windows open”
* $85K for 3 new boilers
* Heat Timer from 60’s, open loop
* Replaced windows & insulated
* No zone valves

* What we did, No change of physical plant
* $30K of Controls
* PID control loop with 4 internal sensors
Staged boilers
# 4, 30 minutes all year
# 3, 45 minutes all year
# 2, October to May

# 1, always on

* ok ok % ¥

Gas Bill dropped by 2/3’s
Complaints dropped to zero

A
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*Common Theme on all the Implementations
*You have to know what a system is capable of
* Easy money is getting building back to ‘as built’
* Update maintenance
* Fix controls
* Update sensors and systems
* Systems degrade slow, people don’t know how bad
* Overrides
* Economizers
* Staged performance
* Comfort is a free by product
* Comfort higher
* Costs lower

* New Technologies give us another 15-20% potential
* VFED Drive, Sensors, LED lights
* Building Management Systems

A
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*Central System
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*Linear Energy Savings

Energy Use is Proportional to Delta T

Toutside

Summer

92 out, 72 in = Delta 20
10% savings, Bump stat up to 74

Winter
22 out, 72 in = Delta 50
10% savings, Bump stat down to 67
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Tinside

Flux = (Toutside - Tinside) I R
Wall, R=13

Roof, R=25
Window, U=13=1R.R=24
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*Economizer
* Cooling has two loads, internal & external

* Certain conditions cheaper to use outside air
* Outside air has to have a lower enthalpy, temp &
humidity
* Measure inside and outside

* Use exhaust air to preheat incoming, 50% reclaim
Economizer

Fresh Air Damper Cooling Coil Heating Coil Rooftop Unit
Fresh Air - > N ;
Return Damper

Roof l l l
. ) 1 ——————d

T T T Supply Air

Return Air PRY
A
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