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WOUSTRY __  pesipewmiaL In the United States alone, buildings account

- 1%

for:
72% of electricity consumption,

39% of energy use,

COMMERCIAL
TRANSPORTATION 1%

&% 38% of all carbon dioxide (CO,) emissions,

US Energy Consumption (Fgus A)

S 40% of raw materials use,
INDUSTRY .~ | 48%
15%//'

/ * 30% of waste output (136 million tons
annually), and

» 14% of potable water consumption, 15 trillion
gallons per year.
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Energy Inputs System Outputs

MILLER

ENERGY USE

WATER RESOURCES:
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MOTIVATION:

U Each energy production technique entails
environmental consequences

O Fossil fuel use generates greenhouse gases
GOALS:

U Establish baseline energy efficiency and
system performance

O Increase energy efficiency

U Encourage use of renewable and alternative
energy sources

U Support Ozone protection protocols

USGBC.ORG
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| O DECISION-MAKING TOOLS:

FINANCIAL DECISION-MAKING
INTEGRATED DESIGN CHECKLIST

U RATING TOOLS:

LEED

GREEN GLOBES

GREENHOUSE GAS INVENTORY
U DESIGN TOOLS:

SCHEMATIC DESIGN TOOLS

DAYLIGHTING DESIGN TOOLS
ENERGY MODELING TOOLS

BENCHMARKING:
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LESSONS LEARNED

http://mwww.usgbc.org/
http://www.rmi.org/rmi/
http://www.eu-greenbuilding.org

http://www.esbsustainability.com

REFERENCES:
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U DESIGN METHODOLOGY
IDENTIFY OPPORTUNITY
EVALUATE MEASURES
CREATE PACKAGES

MODEL ITERATIVELY
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|dentify Evaluate Create Model
opportunities measures packages iteratively

» 60+ energy efficiency 1deas » Net present value

» Maximize net present value
were narrowed to §

» Iterative energy and financial
modeling process to ideatify

+ Greenhouse gas savings » Balance net present value and -
implementable projects SEER g ce netpr . final eighht recommendations

CO, savings
* Dollar to metne ton of ’
+ Team estimated theoretical

ca « Mz a0} Envringd
MMM eNergy use carbon reduced Maximize CO, savings fora

’ zefo net present value
+ Developed eQUEST energy » Calculated for each measure

ol + Maximize CO, savings

EMPIRE STATE BUILDING ENERGY PERFORMANCE, esbsustainability.com

DESIGN PROCESS:
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1. IDENTIFY OPPORTUNITIES:

U NATURAL SYSTEMS: Solar & Site

U PASSIVE SYSTEMS: Glazing, Insulation, Solar Shading,
Architectural Daylighting, High Albedo Roofing

U ACTIVE SYSTEMS: Lighting, Mechanical, Controls,
Photovoltaics

U NATURALLY INTEGRATED SYSTEMS: Green Roofs,
Energy Recovery Systems, Ground Source Heat Pumps

U HUMAN FACTORS: Placemaking, Health, Well-Being,
and Participation
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1. IDENTIFY OPPORTUNITIES:

U NATURAL SYSTEMS:

SOLAR RESOURCE

WATER RESOURCES
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Every day more solar energy falls to the Earth than the total amount of energy
the planet's 5.9 billion inhabitants would consume in 27 years

( )
NATURAL SYSTEMS
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SOLAR PATH & INSOLATION

NATURAL SYSTEMS
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Energy in Wimt

R

i Facade insalation

—=e= Direct suntight KOSTER, 2004

—s— Reflected energy
- Light transmission

SOLAR INSOLATION: indicates the need for buildings to manage solar loads.

VARIABLE INSOLATION: indicates the need to respond to different loads on different
facades.

OPPORTUNITIES:
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e
BEFORE

ROCKY BRANCH CREEK, NCSU
NATURAL STORMWATER MANAGEMENT

NATURAL
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IDENTIFY OPPORTUNITIES:

PASSIVE SYSTEMS:
BUILDING ENVELOPE

SITE DESIGN
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OBJECT ATTRIBUTES

Incident Solar Radiation as a Design Tool

PASSIVE SYSTEMS:
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Incident Solar Radiation as a Design Tool

PASSIVE SYSTEMS:
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The effects of overshadowing by surrounding buildings on
each facade was used to determine the most appropriate
areas for the transparent and opaque fabric elements.

Insulated panel and window layouts were derived directly
from this information.

e 1] e
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PASSIVE SYSTEMS:
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PASSIVE SYSTEMS:

PASSIVE SYSTEMS:
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NC WILDLIFE BUILDING, NCSU CENTENNIAL CAMPUS
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PASSIVE SYSTEMS:
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PASSIVE SYSTEMS:
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O PROVIDE DAYLIGHT REDIRECTION
| AND/OR GLARE CONTROL FOR 75% OF ALL

REGULARLY OCCUPIED SPACES.
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L

ENERGY FILMS

PASSIVE SYSTEMS:
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w—f\|| Purpose Bar
Termination Caulk

e Water Cul-Olf Maslic

PO : ~
Banding Heat Welded Seam

Adhesive
2" Barbed Plate
& Fastener * Heat Welded Seam

= 2" Barbed Plate & Fastener
3" Inzulalion Plate & Fastener

TPO Coated Metal
e’ N

PASSIVE SYSTEMS:
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Energy Efficient Lighting
Energy Efficiency: Lumens / Watt
180

120

LED T8 T5 HO High Pressure Metal halide
Fluorescent  Fluorescent Sodium Pulse Start

Metal Halide

Source Paragon Lighting and Green Econometrics research
Energy efficient lighting fixtures such as LED are provide twice the lumens per
watt of electricity than legacy metal halide fixtures.

PASSIVE SYSTEMS:
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Tebephony,
»_

Inf arrmation

udiofvisual, E
technology 1% h
31% .

Computer
veripherals,
%

PASSIVE SYSTEMS:
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Water Efficiency Calculations
Fixture Code GPM | Actual GPM | # Fixtures | Code Demand | Actual Demand

From Table | Enter lxiure
604.4 (2006 | gpmigpf per mfg
NCPC) SPECS

— —
Toilet - Valve 0 &0
Toilet - Tank 10
Urinal

Lavatory - Public

Code Based Water Consumption
Actual Water Ce ion

Percent Water Consumption Reduction 34.240_&]

Fixtures:

Zurn Eco-Vantage ShowerTub Vahes (1.5 gpm)
Zurn Eco-Vantage 1.1 gpf Toilets

Sloan 1.6 gol flush valves

Sloan 5 gpf urinal flush valves

1.0 gpm aerator on all lavatory faucets

Alernate:
Use full flow (2.5 gpm) shower head and install 1.0 gpm aerator on all Kitchen faucets (32 87% reduction)

PASSIVE SYSTEMS:
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PASSIVE SYSTEMS:
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IDENTIFY OPPORTUNITIES:

U ACTIVE SYSTEMS:
PERFORMATIVE MEP SYSTEMS
RENEWABLE ENERGY

CONTROL SYSTEMS

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE

Electric Consumption (kWh) Gas Consumption (B Total Project Electricity Consumption

{000} o)

Tmeatl

Jan Feb Mar 2or May Jun

Area Lighting
Task

ACTIVE SYSTEMS:
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Scenario
2 4 5 6 T 8 9 10
3 357 385 334 302 33 357 385
269 343 317 269 292 269 M3 37
472 472 401 472 472 401 472 401
161 153 161 181 153 161 153 161
110 110 110 110 110 110 110 110
-] 783 783 649 783 783 649 649
416 208 416 416 208 416 208 416
140 140 140 140 140 140 140 140
181 181 181 181 181 181 181 181
43 43 43 43 43 43 43 43
2880 2760 2917 2775 2654 2809 2656 2813
15.2% 18.7% | 4.1% | 18.3% | 21.8% | 17.3% | 21.8% | 17.1%
543,723 §51,617| 541,060 $50,672| 557,962 548,503 557, 53% $48,240| 557,433
LEED EA Credit 1 Points 2 3 2 3 4 | 2 4 2 4

1) Current Design 6) Scenario 2 &3 9) Scenario 3 & 4
2) 15 Seer HVAC Units 7) Scenario 2 & 4 10) Scenario 3& 5
J) Energy Star Refrig & Dishwasher 8) Scenario 2& 5 11) Scenario4 & 5
4) CF Lighting Program
3) Instantanecus Water Heaters

Scenario Descriptions

1) Current design as shown on permi set of drawings

2) The use of 15 SEER spiit system HVAC units, as opposed to the use of more standard 13 SEER splif system
units.

3 Installing Energy Star rated refrig amd dish i all resk iaf units. This scenario would also
require a program be in place that would ensure all fulure replacement appliances would be of equal or belter
ratimg

) The use of Compact Fluorescent fixtures in all residential unis.

5 The use of electric type instantanecus waler heaters in all residential unis.

TATE CONSTRUCTION CONFERENCE
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SAS SOLAR ARRAY

WIND TURBINES

e ok watnr lop

SOLAR HOT WATER

CTIVE SYSTEMS:




ACTIVE SYSTEMS:

ACTIVE SYSTEMS:
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e
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FRIEND'’S CENTER, PHILADELPHIA, PA

17
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IDENTIFY OPPORTUNITIES:

U NATURALLY INTEGRATED SYSTEMS:

ENERGY RECOVERY

GROUND SOURCE HEAT PUMPS

GREEN ROOFS

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE

NATURALLY INTEGRATED SYSTEMS

18
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NATURALLY INTEGRATED SYSTEMS
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NATURALLY INTEGRATED SYSTEMS

19
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RESEARCH GREEN ROOF

WEST VILLAGE, DURHAM, NC

NATURALLY INTEGRATED SYSTEMS

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE

IDENTIFY OPPORTUNITIES:

4 HUMAN FACTORS:

PARTICIPATORY DESIGN & ENGAGEMENT

PLACEMAKING

HEALTH, WELL-BEING & PERFORMANCE

20



HUMAN FACTORS:
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HUMAN FACTORS:
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I S
TITUTITLE 3
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FMS - Power Monitoring

Fab 11th 200%

anthly tlsen

[

(o W oz

il ’Ih-_
S—

Floaso ¢
{519) 669-0500
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LESSONS LEARNED / OBSERVATIONS:

O THINK NATURAL SOLUTIONS FIRST

U CONSERVATION = EFFICIENCY

U CLIP THE PEAK LOADS TO REDUCE DEMAND

U LOOK AT PRIMARY AND SECONDARY ENERGY

U DEMONSTRATION PROJECTS FOR RENEWABLES

O IT'S NOT ALL ABOUT ENERGY PERFORMANCE

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE
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U CASE STUDY: WOODSIDE MILL COMPLEX

FORMERLY THE WORLD’S LARGEST COTTON MILL
APPROXIMATELY 600,000 SF

ADAPTIVE REUSE OF 8 HISTORIC STRUCTURES
PROJECTED LEED V3 GOLD

WOODSIDE MILL COMPLEX CASE STUDY:

22
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WOODSIDE MILL COMPLEX CASE STUDY:

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE

BIOSWALES

GROUND WATER

TRANS:
EVAPORATION

1 COMMON AREA
& BATHROOMS

WATER
RECHARGE

' EXIETING WELL
MAKELS WATER

WOODSIDE MILL COMPLEX CASE STUDY:
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Woodside Mill, Greenville, South Carolina

Buikding Enorgy Modal

SECTION 2 - Integrated Des v. Developer Std
Ultilities
F

DEVELOPER STANDARD BUILDING

Internal Loads . : L

Space Classification | Lights, Wisl | Equipment, W' | Occupancy. stpers
| Ctfice | | 05| 200
Corridor a 1000
Lobby I E 038 | 100
| Restrocms 1 | 300 |
" Agariment 7 “se below | 300 |
[ Filness Exercise | 01 50|

Mocl (XA 2000

sl Refrigerator - 0.25 W/sl, Plug Loads - 0.5 Wisf

oo
0| 1oavisas

Woodside Mill, Greenville, South Carolina

Buikding Enorgy Modal

SECTION 2 - Integrated Des v. Developer Std

Utilities
Electric: 00718 $&kWh
- Gas: 1,498 Sftherm

DEVELOPER STANDARD BUILDING

Internal Loads . : L
Space Classification | Lights, Wisl | Equipment Wis! | Occupancy. stpers
e | | [ 20
Corricor | | | 1000
Lobbry
| Restrocms
[ Apariment
| Fitness Exavciss
Mech/Elec Room

rator - (.25 Wisf, Plug

ATE CONSTRUCTION CONFERENCE

Results

iectricity (WWhx1003)
Space Coal

Space Hoat

HP supp.

Vent Fans

Pumps

Hot Water

Ext. Usage

Misc. E

 Lights 5|

Towsd 47418 | $4TT.AES
Matursl Gas (Mbhu) |

Space Heat 1 1995 3 208
Total 1995 | 5 2089

Ansal ot |5 480,458

205%| S 98,449
947,570

s Moy | __199.5

(GHG Savings (b CO%s] | #72,109.5

Anel Com HVAE | [ Ts s
Savings HVAL only 303% | § 75352

Greenhouse Gas Emissions Savings are based on Source Energy and Emission Factors

for Energy Use in Buildings. Technical Repont N, REL/TP-550-38617. M. Deru and P.

Torcellini. National Renewable Ene _aboratory: Golden, CO. June 2007,

Factors based on Delivered Electricity for South Carolina and On-site Combustion of
atural Gas in a fumace.

Units are 1bs of Carbon Dioxide Equivalent,

ATE CONSTRUCTION CONFERENCE

Results

Wlestricity (MWhe100%)
Space Coal

Space Hoat

HP supp.

Vent Fans

Pumps

Hot Water

Ext. Usage

Matural Gas (Mbhy)

Space Heat

Tots

Aneeul Cost 1 5 458 382

98,448

947,570
1

Ty __199.5
(GHG Savings (b CO%s] | | #72,109.5

Anel Com HVAE | [ Ts s
303% | § 75352

REL/TP-550-38617. M. Deru and P.
dational Renewable Energy Laboratory: Golden, CO. June 2007,
Factors based on Delivered Electricity for South Carolina and On-site Combustion of
Natural Gas in a furnace.
Units are Ibs of Carbon Dioxide Equivalent,

WOODSIDE Milen€§®MPLEX CASE STUDY:

24
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Woodside Mill, Greenville, South Carolina
Buskding Enorgy Model

SECTION 2 - Integrated Des v. Developer Std

Utilities
Electric: 00718 $&Wh
- Gas: 1498 Sitherm

DEVELOPER STANDARD BUILDING

Internal Loads . E L
ssification | Lights Wsl | Equipment, Wis! | Occupancy. sipers |
1 1.1 05| 200 |

1000
100
300

300 |
50|

2000

g Lo
- Electric: Cooking = 045 W gerator = 0.25 Wisf, Plug Loads = 0.5 Wisf
Laundry — 816 kKWh / year / apartment
ing - 10 kW

none

Results

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE

Wloctricity (Whx1008) |
Space Coal

Space Hoat

HP supp.

Vent Fans

Pumps

Hot Water

Ext. Usage

samram |

Maturad G (Mbh)

Space Heal 1 s zom |

Totat 52989

(1]

Anresi Cost

Cout Savings | 205%

Elucts

Ancwal CostMVAC | § 248686 |
Sarvirgs HVAC only 3

| 382,008

| s s8448

1§ 173,308
$ 75352

Use in Buildings. T
ni. National Renewable E 'y
actors based on Delivered Electricity for Sou
Natural Gas in a fumace.
Lnits are Ibs of Carbon Dioxide Equivalent,

e Energy and Emission Factors
P-550-38617. M. Deru and P.|
, CO. June 2007,
arolina and On-site Combustion of

486 TONS ANNUAL CO2 SAVINGS

30.3% TOTAL ENERGY SAVINGS

WOODSIDE MILL COMPLEX CASE STUDY:

WOODSIDE MILL COMPLEX CA

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE
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LEED 2009 FOR NEW CONSTRUCTION

EXISTING BUILDINGS TO REMAIN:

0 | mavisarcmiveets

LEED 2009 FOR NEW CONSTRUCTION

POUROUS PAVING:

26
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RAIN GARDENS:

0| orvisancuireers

LANDSCAPE / OPEN SPACE:

LEED 2009 FOR NEW CONSTRUCTION

LEED 2009 FOR NEW CONSTRUCTION

27
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0 | rosvisarcuineeTs

'WE Prossquisty 1-Ue Riduction
WE Crodt 1-Effcent Landscage.
WE Crod 3-Use Aleducton 40%
MATERIALS §RESOURCES 7 Points
REGIONALPRIORITY 4 Poinks

RAINWATER HARVESTING / STORMWATER:

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE

WOODSIDE MILL COMPLEX CASE STUDY:
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ENERGY SYSTEMS:

0 | mavisarcmiveets

REGIONAL PRIORITY:

LEED 2009 FOR NEW CONSTRUCTION

LEED 2009 FOR NEW CONSTRUCTION

29



THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE

WOODSIDE MILL COMPLEX CASE STUDY:

THE 29TH ANNUAL STATE CONSTRUCTION CONFERENCE

QUESTIONS: K. Daryl Carrington, Ph.D., AIA, LEED AP+Homes
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