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ASHRAE is a Registered Provider with the American
Institute of Architects Continuing Education Systems.
Credit earned on completion of this program will be
reported to CES Records for AIA members.

Tihis programiis  registered withi the AIA/CES fer continuing
professionalleducation. As such,, It does noet Include content
that may e deemed o) constited 1o he an approval or
endorsement by the AlA off any: materiall o construction er any
methoed or manner ot handling, using, distibuting, er dealing 1n
any material or product. Questions related o speciiic
matenals; metheds, and services willflhe adadressed at the

CONCIUSIoN| ol this presentation.




Leaming Ohjectives

What has BeEeEn dene torachieve a 50 %
feduction IR BUNdINGg ENEray. Use

Wihat Is needed terachieve a 50 %
feduction Using teday:s technelogies

Wiy an integrated design pPrecess; s
essential terachieving a lew: eneray
pUIlding



Background

Advanced Energy Design: Glides (AEDES)
Guides ferr 30 % energy: reduction in Buldings

Scoping Committee:

Develop backgreundiierr 50, % eneray.
feduction

Decument: existing energy. efficient puildings

Determine energy: measures fior different
classes o bulldings 1 diffierent climates



|ssues

Are: significant energy: reductions: in
pUIldings pPossIkle?

Are the reductions I seurce or site
ENErgy?

Wihat Is the’ baseline fer energy. Use?

Wihat are the availability, acceptalility,
and cost of propesed measures?




Is a

Net Zeroe Energy: Bullding

Medeling:

PossInIe?

NREIC study - 5000 moedels;for all building
types hased on the 1999 CBECS data Set

Actual burld)

glofs

Case Studies of low energy: huilldings (G150)
ASHRAE, AlA, USGBC, and EPACT 50



Results ofi NREL Study.

AVerage site energy: reductions:
A4°96\With PV,
82 Yo, Withraggressive strategies and PV

Greatest aggregate reductions: fior Gffices;
Warehouses;, andf educationalfacilities

Lowest aggregate: reductions fior nealth
care, malls;, and lanoerateries

IHeating climates are more difficult than
cooling climates



The 100 Best Performing

Blildings: In the Country
(New:Buildings Institute)




G150 Project Distrpution

wowew we theodora.com fm aps




G50 Project Tvpes (hby: SF)

Warehouse

Housing

Medical

Retail

Assembly

Education

Office

\ \ \ \ \ \ \
500 1000 1500 2000 2500 3000 3500

1000 sf




Floor Area, ft2

1,000,000

Distribution by Size

OFFICE  EDUCATION ASSEMBLY RETAIL HOUSING MEDICAL WAREHOUSE



Cost per Sguare Foot

OFFICE EDUCATION ASSEMBLY RETAIL HOUSING MEDICAL WAREHOUSE




Technolegies in GIIS0

Percent




Cambria Office Building

» .
1-* -
Daylighting :-H' |
Controls
Increased Insulation
HVAC Efficiency - b
Natural Ventilation - e\ T—
Heat Recovery
Applied PV
Glazing Performance 36, 000 st Office, State
Demonstration PV
UFAD Agency
GSHP Elenshurg, Pennsyivania
VFD "
S Construction cost: $103/sf

Completed: 2000



Clackamas High Schoeol

Daylighting

Controls

Increased Insulation
HVAC Efficiency
Natural Ventilation
Heat Recovery
Applied PV

Glazing Performance
Demonstration PV
UFAD

GSHP

VFD

Other Elements

265,000 sf
Clackamas, Oregon (2002)
$117/st (excluding land)

Energy: savings: $69,000/yr
(£40% over ASHRAE)




Artists for Humanity: Epicenter

Beston;,, VA
Dy liglfiing LEEDRIatintim
f:;::id Insulation Completed in 2004
ettt Vontiton $208/sf, including PV
R 23,500 sf Assembly, etc.

Applied PV
Glazing Performance

Demonstration PV
UFAD

GSHP

VFD

Other Elements




Lillis Business Complex

Coy S « Business School, U of Oregon
Increased Insulation e Completed September 2003
HVAC Efficiency e | FED Silver

Natural Ventilation = 137,346 Sf, at $217/Sf

Heat Recovery

Applied PV e 419% better than ASHRAE

Glazing Performance

Demonstration PV
UFAD

GSHP

VFD

Other Elements




Case Studies

A - Y Sy
XL i
e
AL

I-UA Hdqtrs. Clearview Court.
66% over 100% PV 55% over
T-24 gas microturbine w/HR T-24

Platinum Platinum



Existing Low: Energy: Buildings

50% energy’ savings: are possible threughout the
USiclimate for all buiding| classes

Relatively iew bulldings compared te existing
stock

Designi savings de net necessanly. mean: reduced
Energy’ use

Menitered perermance: and focus on O&Nivields
Enenagy: savings



Selection of Measures for
50 % Reduction

Available new: or Within: thernext five: Vears:.

Not “sele source™ but avarable firom more
than one venador

EXpected te provide the same amenities; at
a cost equall tor or IowWer: thami curirent
practice.

Yield significant: reductions; i ERergy: use

Not equally’ applicable mrallfclimates and: fior
all" burlding types



Measures to achieve 501 %
Approach te Net Zero Energy Use

Envelope and Lighting Vieasures
lAsulation
EFenestration
Lighting
Integration off daylightig wWith Righrefficiency. lighting
HVAC Distrbution Systems
Parasitics |0Sses
\Ventilation
Natural Ventiatien
Distributien of heating| and ceoling ter spaces
Thermal Storage



Measures to achieve 501 %
Approach te Net Zero Energy Use

HVAC Primany: Systems
Water leop heat pumjes
\V/ariaple capacity’ equipment
Evapoerative Ceoling
Desiceant: denumidificationand coeling

Renewanle Energy Electric andl Thermal Systems
Pheteveltalc systems
Selar water heatng

Integrated Design methedelogy



Envelope Measures

“Goeod Design Practice” envelepe

fecommendations (7ieAdvarnced. Erergy: Pesigrn
Gujdes, 2004~ 2007):

Insulation; thickness;levels depending on
climate and bullding class

Contnuoeus insulation andravelding themmal
PrdgINg

Maximum: ratie of glazing tor epague wallfarea



Creating Zero Energy. Winaows

Energy Lesers —-= Net Energy: Suppliers

HEaWGSEZSEN
Need venry low: U but moederate selar gain

Reduce heat lesses (U) se that ambient selar eneray,
9alances: o exceeds less

Reduce cooling leads with' very: low: SIHGE
Static control == dynamic control

Replace: electric lighting withr daylight



Zero Energy Window: Objective

Long Term Target: U-Factor < 0.1 Btu/(hr-ft2-°F)
Nearer Term Objective: .15 Btu/(hr-ft-°F)

Starting Poinmt:

LowW-Emissivity’ Coatings

Low Conductance Gas FEills

AWarmiedge™ Iow conductance
S[PACErS

Insulated Erame: Systems =



Potential Solutions for U < 0.15

3 low-E 2 low-E Evacuated, 1 low-E Aerogel
coatings, coatings, coating e< .1 I e+ S0
e<.l1; gas fill \e<A.O6; gas@l / /

Integral low-

conductance

spacer-sash

design Slim, insulating

composite

frame



Lighting Demand Issues

Outside
Temp

Typical Hot
Summer Day

O 2 4 6 8 10 12 14 16 18 20 22 h

Office Building Hourly Electric Load



Better Lighting

Recent progress; made due te reducing
Highting power density, Watts/sg.fit

Less efficient sources replaced Withrnore
efficient:

Incandescent (L7 lumens/AW)r --= Eluerescent (90 /i)

Improved light distrbution fifem SeUICES:

Inefficient: fixture with: more: optically efficient fixture



Next Generation

Mere efificient lamps andfixtures suited te
SPECIHC tasks

Lighting design and operation: that:
Separates; task lighting firem ambient Iighting
Varies with task
Varies withrlecation
\V/aries With User

\/aries withr time

Addresses perceptions ini the space rather tham easily.
measuranle engineering units (Iux or feotcandles)



Lighting Controls

Occupancy: controls well accepted

Conventional lighting contrels need filrther

Improvement
Impreved phoetecell sensers
Controls capable ofi expleiting many: centroll strategies

Medular integrration ofi occlpant and phote-Sensing

CONLroIs
Lighting contrel integrated with: variable transmittance
windows' (autemated blinds; electrechremic glazing)



The Challenge of Daylight
Control

Sensor

/

Sélef,l'
Sblaylt

v

— ballast controller
ballast

_ lamp

Light

Task

| lumination

Fluorescen:/

Daylight

e




Daylighting vs. Cooling/Glare

Key’ designi Issue! is' control

Separate heat and light

Separate light and view,

Pynamically: controlilight/selar tiansmissien
Integrate daylight, glare, and electric light
Manage: peak electric 1oad asiwell as eneray

Aesthetic and - hunan; side” of daylignt
Must control glare and thermall comiort
Manual Vs autenatic Controls
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Daylighting Energy: Savings

(Soeuth)

¢ 0.59

6-month
averages and
standard
---e-- 1st Row South deviations
---m-- 2nd Row South

---A-- 3rd Row South

JULY AUG SEPT OCT NOV DEC
Month in 1997

Relative lighting energy consumed by each row of lights on South
side of third floor for six months in 1997

The row of lights nearest the
window are dimmed more than
the second row of lights

First row: 41%
Second row: 22%




Gooed Lighting Coentroels Work

c South Daylit ; North Daylit 1 Reference Data from

advanced
lighting
controls
demonstration
In Emeryville,
CA (1990)
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BRE Building, UK SMUD Building, CA



Autemated Shading
NY: Times Tlestbed

> B

> - il

" Motorized,

automated

shades; active

sensor-based

. control of

LIl position;

j 2ML¢° addresses glare
~~ | and cooling

Shades deployed
to lower edge of
upper exterior
shading rods




Facade Layers

External layer: Fixed
-- Shading, light diffusion

Glazing layer: Fixed
-- Low-E, spectrally selective

-- Frit - solar, glare control

Internal layer: Dynamic
-- Motorized Shade syste
-- Solar control
-- Glare control

Facade Layers: Floor to

Floor

- thermal control
- solar gain control

floor to desk 'f
desk to head \\

head to ceilling ==

plenum




HVAC Primany: Systems

Water loeprheat punps

Variahle capacity’ eguipment
EVaporative Ceoling

Desicecant: dehumidification and cooling



Distribution of Heat and Cooling
nside a Building

Energy constumed by fitidf transpert (famns
and pumps) I\l a typical air distrbution
systemr Is normally: about 15 % ofi the
HVAC energy. use.

ranspert energy. Using Water s Iess tihan
tlat using air

PESSIbIE 16 Separate’ ceoling and
dehumidification functiens



Transporting 100 Tons 100! Feet:

Transport | Conduit Size | Required Heat
Medium Power Penalty
40,000 cfm (44~ 2.2 KW 0.63 Tons
Hi. Vel. Air | puct
40,000 cfm | 54” 0.75 kW | 0.21 Tons
Lo. Vel. Air | Duct
240 gpm (4 In. pipe 0.29 kW 0.08 Tons
chilled witr. o
150A/460 3-00AWG 0.3 kW 0.08 Tons
VAC-3 ph. 0.365” x 3

8o




VWater Loop Heat PUmips

Ventilation system

] == =1
2 I N i T 4737
_/l.->l AHU | -‘b_, |___| Lo
4 I 1 1 [

Zone 1l Zone 2

Heat Pumps

: r G =CE >
Boiler | ) Cooling
Tower
| Sy O

Water loop




Ground Seurece Heat PUmies

Solar Wall West
Makeup Air Preheating System

Makeup Alr—.w --— Makeup
Air

Air-to-Air
Heat
Recovery

HEX

Entrance
Hall ':E |12 Brine-

@ tO—AiI"’
Heat
HP) Pumps 75
@ — |2 Brine-
to-Air
HP Heat

@ Brine-to-Air Heat

Pump (HP-25)

Ground 1/4 in. HD-PE
Floor

Electric Air )
Ventilation Air Return

g
Electric Backup - From/To

Coil G
eo-
Electric thermal
Air Humidifier e Closed-

Supply

CL L L DL TR LT ..-.--.-..1

Inversed Brine

Closed Loop Pumpmg Vertical Geothermal Heat

Station Exchanger
18 Boreholes (122 m Each)

Figure 4: Configuration of the Simple GSHP system with vertical
ground heat exchanger.




Varianle Ereguency: and
Multi=staged DrVves

Achieve 10'= 30 % energy. reductions; fior:
Chillers
Chilled wWater circulation pumes
Condenser tewer fans
Condenser Water pumps
SUpply: and retur fans



Case-specific Technolegies

EVaporative devices
Single ana tWo-stage evaperative coolers
EVaporative cOndensers

[Desicecant: devices

Liguid desiceants
Solid desicecants



Ventilation Systems

IHeat and energy. recovery: systems
Dedicateadl ouitdoer: alif systems: (DOAS)
Natural ventiation

Palasitic 10Sses



HRVS and ERVS

Custom AHU With Energy Recovery
Wheel

Energy Wheel

Exhaust

Return Air

Supply Fan

Outdoor =
Air Intake |

Heating
Coil




DOAS

Outdoor air

dehumidification

and cooling
Outdoor air coil

Plenum !
Zone terminal boxes

Supply air

Z 3= PN PN
/ £ d L Y £ d L Y
/

Recirculation air
cooling coil

AN AN

FN R

Exhaust air Return air



DOAS Configuations

dedicated e dedicated
outdoor-air unit e outdoor-air unit




Mixed Viode Natural Ventiation
Chesapeake Bay Envirenmental’ Center




Alrr Distripution: Designi Issues

DUCt shape as large anal roundas poessible
SmMeeth ducts — minimize flex duct
MiRimize area changes: and hends

Elbews — Use turming Vanes

Ellters — as much flow area as possihle
Sealed and insulated ductwerk

Reduce static pressure (0.5 In water)




Integrated aesign PIOCESS

Integrative Design Process

Legend: SD: Schematic Design;, DD: Design Development;
CD: Construction Documentation; B&N: Bidding & Negotiation;
VE: Value Engineering



Lessons Learned about
Integated Design Process

Owners are the motivation for low-energy buildings
Need measurable energy saving goals at the onset
Many decisions are not motivated by cost.

Today’s technologies change how buildings
perform.

Whole-building design approach lowers energy use
and cost.

Low-energy buildings do not always operate as
designed.

Monitoring leads to better management and
Improved performance



Conclusions

[t1S pessible terachieve a 501 % reduction
I BUIdING energy: use

|t 1S feasible tor achieve: a 50 % reduction
USIng technolegies available teday.

liacreased design costs: resuli: 1 lower:
Enengy. coests

Anlintegrated! design process Is essential



THANK YOU

This concludes the ASHRAE & AIA
Continuing Educatien Systems' Program

Please visit the website
www.ashraemadison.org/crc2007

Questions or Comments??

Jonn W. Mitchell
MechanicallERgIneerng
University: ofi Wisconsin
mitchell@engr.wisc.edu



