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Senate Bill 668 — A Case Study

What is Senate Bill 6687

e Purpose Is to promote energy and water
savings In state owned and state
supported buildings.

e New buildings are required to be 30%
more._efficient.

e Renovated buildings are required to be
20% more efficient.




Senate Bill 668 — A Case Study

The official title of Senate Bill 668 Is
Performance Standards for Sustainable
Energy Efficient Public Buildings.

The legislation can be found under NCGS
143-135.35 through 143-135.40.




Senate Bill 668 — A Case Study

Senate Bill 668 was codified in Senate
Bill 1946 during the 2007 legislative session.

The legislation went into effect for projects
with design contracts signed on or after
August 8, 2008 or 08/08/08.
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Senate Bill 668 — A Case Study

Renovation projects require

e 20% less energy usage than a building
complying with ASHRAE 90.1-2004

e 20% less indoor water usage than a
building complying with the 2006 NC
Plumbing Code

How do we get there?
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Photographer Troy Tuttle
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Senate Bill 668 — A Case Study

Cone Residence Hall — Original
Construction

e Accepted December 18, 1968

e Total Building Cost: $941,000

e 8 Occupied Floors + Basement
e 58,803 Gross Square Feet

e 300 Students (All female)







Senate

Bill 668 — A Case Study

Cone Residence Hall - Renovation

e Beneficia

e Total Pro

Occupancy August 18, 2010

jlect Cost: $12,085,300

e 8 Floors + Basement
e 53,332 Gross Square Feet
e 287 Beds (Co-ed)

e Designed for LEED Silver — Tracking
LEED Gold







Senate Bill 668 — A Case Study

Envelope Improvements

e Replaced single glazed metal frame
windows with low E insulated windows

e Added R-19 insulation to exterior walls

e Added sun screens to lounge windows on
south.facade
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Existing Windows Code Windows New Windows

Double with 1/2" air

Shading Coef

aluminum with
aluminum Varies thermal break

Carrier System Contract
Design Manual ASHRAE 90.1-2004 Specifications
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Senate Bill 668 — A Case Study

Envelope Improvement
e Added R-19 insulation to the exterior walls
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Senate Bill 668 — A Case Study

Sun control devices or sunscreens
e Reduce solar heat gain

e Reduce glare in the lounges

e Improve building appearance




.
EL s el P







A ase?\Study

SCO Conference 2012




SCO Conference 2012







Senate Bill 668 — A Case Study

HVAC Improvements

e Energy reclamation from exhaust air for
ventilation

e Heating and cooling by 4 pipe fan coll
units

e L ow flow shower heads result in less hot
water use and lower energy consumption
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Senate Bill 668 — A Case Study

Lighting Improvements

e EXisting — Incandescent and T12
fluorescent

e New — T8 28 watts with advanced
electronic ballasts

e-Qccupancy sensors
e Dual level switching




Fluorescent T8 at 28 watts
(vs Incandescent at 150 watts)
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Fluorescent T8 at 28 watts
(vs fluorescent T12 at 40 watts)
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el switching In
other areas
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Senate Bill 668 — A Case Study

Plumbing Improvements
e Dual flush water closets
e Low flow shower heads

e Low flow lavatories
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Dual Flush Water Closet
1.6 and 1. ]5gal/f|ush

q—
e




Up for 1.1 gal/flush

Down for 1.6 gal/flush
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Senate Bill 668 — A Case Study

What did the improvements
gain us In energy and water
savings?
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Indoor Water Consumption 2010 - 2011
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Senate Bill 668 — A Case Study
Indoor Water Consumption 2010 - 2011
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Senate Bill 668 — A Case Study

Residence Hall Indoor Water Consumption

21 Buildings Analyzed

4,302 |

SCO Conference 2012
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Electricity Usage 2010 - 2011
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Senate Bill 668 — A Case Study

kWh
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Steam Usage 2010 - 2011
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Steam Usage 2010 - 2011
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Senate Bill 668 — A Case Study

Baseline Proposec Actua
(kBtu/SQ FTlyr) (kBtu/SQ FTlyr) (kBtu/SQ FT/Yr)

ow 49 8
High 12 9
Mean 5 44

Average 71 46 76

Cone 59 34 ,

SCO Conference 2012
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DOE Commercial Building Benchmarks — New Construction
Energy Use Intensities (EUls) [kBtu/ft2/yr]

October 2009
- ] Los Las San ) ) ] ] ) Benr_:llmark
city Miami || Houston || Phoenix || Atlanta Angeles || Vegas | Francisco Baltimore || Albuguerque || Seattie@ Chicago [§ Denver || Minneapolis | Helena | Duluth || Fairbanks Weﬂt;ted
Climate Zone | 1A 28 2b 34 3B 3B 3c 4A 4B 4c 5A ‘ 5B BA 6B 7 8

‘ Large Office H 38 ” 40 ” 38 H a8 H 32 H 34 ” 35 H 40 ” 34 ” 37 43‘ 36 H 46 H 40 H 47 ” 39 H a9 |
‘ Medium Office H 39 ” 42 ” 40 H 41 H 33 H 37 ” 38 H 45 ” 38 ” 42 43‘ a1 H 54 H 48 H 57 ” 77 H 43 |
‘ Small Office H a4 ” a4 ” 43 H 41 H 33 H 39 ” 35 H 46 ” 41 ” 42 51 ‘ 45 H 57 H 51 H 61 ” 83 H 45 |
‘ Warehouse H 30 ” 19 ” 19 H 18 H 14 H 18 ” 15 H 21 ” 20 ” 18 24‘ 23 H 29 H 27 H 33 ” 52 H 21 |
‘ Stand-alone Retail H B2 ” B3 ” B0 H i1 H 44 H 56 ” 50 H 72 ” 61 ” B5 81 ‘ B9 H a3 H 83 H 104 ” 145 H 69 |
‘ Strip Mall H 56 ” 58 ” 57 H £2 H 44 H 57 ” 53 H 74 ” B4 ” 69 85‘ 72 H a9 H 89 H 111 ” 156 H 70 |
‘ Primary School H 57 ” 57 ” 55 H 55 H 46 H 52 ” 51 H 61 ” 54 ” 54 55‘ 58 H 75 H B6 H 79 ” 113 H B0 |
‘ Secondary School H 56 ” 57 ” 55 H 57 H 42 H 54 ” 50 H B8 ” 58 ” 61 ?‘E‘ B4 H 29 H 77 H 97 ” 141 H 66 |
‘ Supermarket H 158 ” 167 ” 159 H 170 H 153 H 158 ” 166 H 184 ” 168 ” 181 195‘ 179 H 208 H 197 H 223 ” 266 H 179 |

Quick Service | ¢ 549 5 Had Y 73| ee3|| 765 od0| 506

Restaurant
Full Service || ;5 23l (1) hm 3 4 .q 7 7 so7 [l 481 570| 532|617 763|474
Restaurant

‘ Hospital H 145 ” 147 8 ym P\ 1 42 1 127 9 143‘ 130 H 153 H 137 H 155 ” 185 H 145

‘ Outpatient Facility H 280 ” 279 7 271 ‘ 271 H 280 H 275 H 279 ” 324 H 273

Small Hotel || 71 || 71 || B9 || 71 || B2 || B& || 64 || 75 || 70 || 69 80 74 || &7 || 80 || 92 || 112 || 73

Large Hotel 99 108 100 116 105 105 113 127 119 124 133 131 150 144 163 196 122

‘ Mid-Rise Apartment H 39 ” 39 ” 38 H 38 H 31 H 36 ” 33 H 42 ” 37 ” 38 47 41 H 54 H 48 H 59 ” 76 H nia
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Home > Households, Buldings & Industry > Energy Bfficiency > Compercial Buidings Energy intensities > Table 5b

U.5. Commercial Buildings Energy Intensity

‘eleased Date:!

December 2004
Page Last Modified: Jan 2007

Table 5b. U.5. Commercial Buildings Energy Intensity Using Sile Energy

Activity, 1992-2003
I[Thousan;’ Btu per Square Foot)

1

by Census Region and Principal Building

1!3 incipal Building Activity
and Census Region

Survey Years

L - 19922 1995 1999 2003
[u.s. Total 80 91 85 91
| Education o 75 BT 75 83
_I ood Sales 182 214
| Food Senice B 206 245
2l e 278 240

MI _odging o 160 127
| Office 9% 97
—Puhlic Assambly 68 114
_PuinL Order and Safety 110 o7

Iiel:gluu:: WJIthD 29 37 32 43
:'Tﬂ—r;&m;a il Storage N 41 38 44 45

Other 3 150 72 144 164
Vacant 28 21 16 21
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1992 1995 1999 2003

Food Sales

Food Senice
Health Care

Mercantile and Senice

Dffice

Public Assembly
Public Order and Safety

Religious Worship
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Senate Bill 668 — A Case Study

Lessons Learned
What we know:
e Seven lounges housed three students

each at the beginning of the semester
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Senate Bill 668 — A Case Study

Lessons Learned
What we know:
e Central chiller plant construction Is

on-going
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Senate Bill 668 — A Case Study

Lessons Learned
What we know:
e Building commissioning was ongoing

e Energy recovery unit
e Not included in building model

e Operating sequence changes during
commissioning
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| essons Learned

Energy Model:

e Baseline and proposed models low
e Operable window use impact

e Accuracy of Energy Model inputs
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Prajpect/Run: 0B02TE-CAL EA C1 Design - Baseline Design

Run DatefTime: 03713712 @ 13:43

| Electric Consumption {kwh]J

Steam Consumption (Btu) |

{x000,000)
30T

Moy
SendE
@ T WA
* e e | = | ===
40 = = ; ; 201
30 H
20 107
0 H
0= T T T T T T T L T T o T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul #Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec
] Area Lighting ] Exterior Usage ] ‘water Heating ] Refrigeration
I Task Lighting E Pumps & Aux, Ht Pump Supp. H Heat Rejection
Misc. Eguipment entilation Fans Space Heating Space Cocling
Electric Consumption (kWh x000)
Jan Feb Mar Apr May Jun Jul Aug 211 Oct Now Dec Total
Space Coal 3.11 2.90 3.66 1.69 #4.13 4.65 5.68 5.40 4.40 3.596 1.56 3.16 48.30
Heat Reject. Q.00 0.00 0.03 0.11 033 046 0.52 0.52 0.44 0.21 0.04 0.00 2.66
Refrigaration - - - - - - - - - -
Space Heat - - - - - - - - - - -
HEP Supp. = = = = = = = = = = =
Hot Water = = = - = = = = = = = = -
Went. Fans 4.36 3.94 436 4.22 4.36 4.22 4,36 4.36 4,22 436 4.22 #.36 51.30
Pumps & Aux. 1.92 1.76 208 2.05 2.17 2.13 2.0 2.20 211 2:15 202 1.54 24.72
Ext. Usage 1.65 131 1.45 1.40 1.07 1.04 1.07 1.59 1.53 1.50 1.60 1.65 15.96
Misc. Equip. 29.77 27.04 30.11 29.25 29.77 29.25 30.09 20.04 25.08 20.92 28.75 30.10 353.07
Task Lights = = = = = = = = = = = = =
Area Lights 10.06 8.80 9.08 B.43 B.33 7.BB B.19 8.43 B.67 9.35 9.70 10.36 107.28
Total 50.87 45.76 50.75 49.14 50.15 49.62 52.12 52.43 50.46 51.54 49.88 51.57 604.29
Steam Consumption (Btu x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec Total
Space Cool = = = = = = = = = = = = =
Heat Reject. = = = = = = = = = = =
Refrigaration - - - - - - - - - - -
Space Heat = = = = = = = = = = =
HP Supp. = = = = = = = = = = = = =
Hat Water 26.41 24.17 26.17 24.43 25.05 20.84 20.33 18.75 1871 20.56 22.19 2345 X708
Vent. Fans = = = = = = = = = = =
Pumps & Aux. = = = = = = = = = = =
Ext. Lsage = = = = = = = = = = =
Misc. Equip. = = = = = = = = = = =
Task Lights = = = = = = = = = = =
Area Lights = = = - = = = = = = = = -
Total 26.41 24.17 26.17 24.43 25.05 2084 20.33 19.75 18.71 20.56 22.19 2345 272.08
eQUEST 3 636510 Manthly Energy Consumption by Enduse Page 1
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Senate Bill 668 — A Case Study

Lessons Learned
Energy Model:
e Accuracy of weather data

Asheville NC == Boone NC
Climate Zone 4 % Climate Zone 5
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o

Boone, NC
Climate Zone 5

Asheville, NC
Climate Zone 4
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| essons Learned
What we don’t know:

e Accuracy of plug and process load
e Laundry Room
Washers
Dryers
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Lessons Learned
What we don’t know:
e Disabling of lighting motion sensors
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| essons Learned

Energy Model

e Students using building as scheduled and
modeled

e Madeling and operation of lighting dual
level switching

e Modeling-and operation of occupancy
Sensors
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| essons Learned

Energy Model

e Operation of building as modeled
e Low delta T on chilled and hot water resulting
In higher pumping energy
e Accuracy of hot gas bypass in outside air unit
maodeling
e Sequence of operation changes

e Temperature set point changes

SCO Conference 2012




Senate Bill 668 — A Case Study

Lessons Learned
Energy Model
e VValue engineering changes
e Change orders during construction
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Lessons Learned
Energy Model

e Equipment changes or substitutions
from the equipment specified to the
eguipment submitted to the
eguipment installed to how the
eguipment Is operated
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| essons Learned

Energy Model

e Remove plug and process loads from the
model results

e Meter plug and process loads separately
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Plug and Process Loads

A standard two person dorm room could
have the following:

Computers
Printers
Routers

TV

Cable Box
Stereo

DVD Player
Refrigerator
Microwave

Xbox, Wi, Playstation
Portable Electronics
Clock Radios

Coffee Maker
Toaster Oven
Circulating Fan
Strobe Light

Black Light

Task Lights

2
2
2
1
1
1
1
1
1

NFRPRPRRPRERPRERPNON
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Senate Bill 668 — A Case Study

Lessons Learned
e The project is ongoing
e Commissioning is now complete

e Knowledge gained will be reinvested In
future projects

e LEED Silver or Gold does not guarantee
energy savings
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Question:
Are we saving energy?

Answer:
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Are there energy savings
compared to the energy model?

NO.

Are there energy savings
compared to similar buildings?
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DOE Commercial Building Benchmarks — New Construction
Energy Use Intensities (EUls) [kBtu/ft2/yr]

October 2009
- ] Los Las San ) ) ] ] ) Benr_:llmark
city Miami || Houston || Phoenix || Atlanta Angeles || Vegas | Francisco Baltimore || Albuguerque || Seattie@ Chicago [§ Denver || Minneapolis | Helena | Duluth || Fairbanks Weﬂt;ted
Climate Zone | 1A 28 2b 34 3B 3B 3c 4A 4B 4c 5A ‘ 5B BA 6B 7 8

‘ Large Office H 38 ” 40 ” 38 H a8 H 32 H 34 ” 35 H 40 ” 34 ” 37 43‘ 36 H 46 H 40 H 47 ” 39 H a9 |
‘ Medium Office H 39 ” 42 ” 40 H 41 H 33 H 37 ” 38 H 45 ” 38 ” 42 43‘ a1 H 54 H 48 H 57 ” 77 H 43 |
‘ Small Office H a4 ” a4 ” 43 H 41 H 33 H 39 ” 35 H 46 ” 41 ” 42 51 ‘ 45 H 57 H 51 H 61 ” 83 H 45 |
‘ Warehouse H 30 ” 19 ” 19 H 18 H 14 H 18 ” 15 H 21 ” 20 ” 18 24‘ 23 H 29 H 27 H 33 ” 52 H 21 |
‘ Stand-alone Retail H B2 ” B3 ” B0 H i1 H 44 H 56 ” 50 H 72 ” 61 ” B5 81 ‘ B9 H a3 H 83 H 104 ” 145 H 69 |
‘ Strip Mall H 56 ” 58 ” 57 H £2 H 44 H 57 ” 53 H 74 ” B4 ” 69 85‘ 72 H a9 H 89 H 111 ” 156 H 70 |
‘ Primary School H 57 ” 57 ” 55 H 55 H 46 H 52 ” 51 H 61 ” 54 ” 54 55‘ 58 H 75 H B6 H 79 ” 113 H B0 |
‘ Secondary School H 56 ” 57 ” 55 H 57 H 42 H 54 ” 50 H B8 ” 58 ” 61 ?‘E‘ B4 H 29 H 77 H 97 ” 141 H 66 |
‘ Supermarket H 158 ” 167 ” 159 H 170 H 153 H 158 ” 166 H 184 ” 168 ” 181 195‘ 179 H 208 H 197 H 223 ” 266 H 179 |

Quick Service | ¢ 549 5 Had Y 73| ee3|| 765 od0| 506

Restaurant
Full Service || ;5 23l (1) hm 3 4 .q 7 7 so7 [l 481 570| 532|617 763|474
Restaurant

‘ Hospital H 145 ” 147 8 ym P\ 1 42 1 127 9 143‘ 130 H 153 H 137 H 155 ” 185 H 145

‘ Outpatient Facility H 280 ” 279 7 271 ‘ 271 H 280 H 275 H 279 ” 324 H 273

Small Hotel || 71 || 71 || B9 || 71 || B2 || B& || 64 || 75 || 70 || 69 80 74 || &7 || 80 || 92 || 112 || 73

Large Hotel 99 108 100 116 105 105 113 127 119 124 133 131 150 144 163 196 122

‘ Mid-Rise Apartment H 39 ” 39 ” 38 H 38 H 31 H 36 ” 33 H 42 ” 37 ” 38 47 41 H 54 H 48 H 59 ” 76 H nia
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Home > Households, Buldings & Industry > Energy Bfficiency > Compercial Buidings Energy intensities > Table 5b

U.5. Commercial Buildings Energy Intensity

‘eleased Date:!

December 2004
Page Last Modified: Jan 2007

Table 5b. U.5. Commercial Buildings Energy Intensity Using Sile Energy

Activity, 1992-2003
I[Thousan;’ Btu per Square Foot)

1

by Census Region and Principal Building

1!3 incipal Building Activity
and Census Region

Survey Years

L - 19922 1995 1999 2003
[u.s. Total 80 91 85 91
| Education o 75 BT 75 83
_I ood Sales 182 214
| Food Senice B 206 245
2l e 278 240

MI _odging o 160 127
| Office 9% 97
—Puhlic Assambly 68 114
_PuinL Order and Safety 110 o7

Iiel:gluu:: WJIthD 29 37 32 43
:'Tﬂ—r;&m;a il Storage N 41 38 44 45

Other 3 150 72 144 164
Vacant 28 21 16 21
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Senate Bill 668 — A Case Study

1992 1995 1999 2003

Food Sales

Food Senice
Health Care

Mercantile and Senice

Dffice

Public Assembly
Public Order and Safety

Religious Worship
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Senate Bill 668 — A Case Study

Residence Hall Energy Use

21 Buildings Analyzed
EUI (Energy Use Intensity)

Baseline Proposed Actual
(kBtu/SQ FT/yr)  (kBtu/SQ FT/yr) (kBtu/SQ FT/Yr)

Low 49 28 76
High 79 76
Mean 44 76

Average 46 76

SCO Conference 2012




Senate Bill 668 — A Case Study

Question:

Was the project a success?




' @ dormsplash.com/universities/appalachian-state-university/dorms/cone-hall

ce Gallery (O Imported From IE

u
I
OVERALL RATING Lifestyle Room

Room Size

Location / Conwenience 95 90 70 or
2 7 g“t'uf Quiet Study Envoirment  §r

Cleaniness

LN T I

Parties / Social Scene WO W W W Parking
Resident Atractiveness 97 90 10 10 or Bathrooms
RAas fHouse Staff W W W W Kitchens

LB & & 4

* NN %
o 4 s o

Little knows fact: In 1984, the residents of the 7th floor of Cone Hall caused more monetary damage than any
group of same-floor hooligans in ASL history. Those of us who made up the sacred few members of "7C" have
fond memaries of the pardies involving gallons of Everclear, the many broken fire panels, tossed and destroyed
stoves and furniture, and the legendary day that our resident snake-bait mouse took flight from a window. The
ensuing rescue attempt and subsequent funeral were the talk of Boone. Fly the wind forever free, Chuck.

u Report this review

AFTER

OVERALL RATING Lifestyle Room

Room Size

Location / Conwvenience  9F 90 90 5 ir
4 0 g“tﬂf Quiet Study Envoirment 9 9 9 9

Cleaniness

o oW oo

Parties / Social Scene W W W Parking
Resident Atractiveness 97 9 o0 W0 or Bathrooms
Ras [/ House Staff WO W W Kitchens

L & 2
WWHWWW 5
w 1
WWHWWW 5
WWwWwWwW 5

very friendly. Itis alsovery close to classes and the student union, library and bookstore

This hall is nice and was recently renovated. There is only one kitchen in the building and it is on the first floor.
The rooms are decent sized but other dorms like White are larger. The building is really clean and everyone is

awesome scho
and ever

tud

Enter your mai
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AFTER

Lifestyle Room

Location / Convenience h Room Size 3

4 D out of Ciuiet Stugy Envoirment 4 Cleaniness 5
& 5 Parties / Social Scene 3 Darking 1
Resigent Atractivensss i Bathrooms 5

RAs [ House Staff 4 Kitchens 5

This hall is nice and was recently renovated. There is only one kitchen in the building and it is on the firstfloo
This hall is ni | asr ty 1 ated. Th nl itc it lding a 5 he first floor

very friendly. It is alsovery c
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Senate Bill 668 — A Case Study

Thank You!

Questions?

Leonard Thagard, PE
leonard.thagard@doa.nc.gov
919-807-4093
http://www.nc-sco.com/




