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High-performance buildings are more than low-energy buildings: they are comfortable,
durable, and functional. The methods and strategies that make a big difference in the
energy use of office, residential, and retail occupancy buildings are fairly well known, if not
widely practiced. The energy benchmarking report created as result of New York City Local
Law 84 in August 2012 provides solid and factual information that current design and
construction approaches are not resulting in the energy performance expected. Energy use
reported for some landmark large "Green" buildings such as 4 Times Square, Bank of
America, and Solaire show little improvement. Other real-world buildings examples, with
less effective marketing, are demonstrating energy use that is 1/4 to 1/2 that of the more
famous examples, often at lower construction cost. The difference is in the design. This
seminar will explore the reasons for the poor performance, and outline techniques and
strategies required to get to high performance in both building enclosures and HVAC
systems.

As he always does, John will provide thought provoking examples and analysis to shed light
on what is truly important in a high performance building design.
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¢ 1 kWhr=3.4 kBtu
e 100 kWh/m2= 31.6 kBtu/sf
e 100 kBtu/sf = 315.2 kWh/m2

Secret Lives of High Performance
Buildings

John Straube, Ph.D., P.Eng.
University of Waterloo
Faculty of Engineering
Building Science Labs

High Performance Buildings

* Many definitions
* My definition
— Comfortable
— Durable
— Energy Efficient
— Healthy/Safe

© buildingscience.com
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Energy

* Hard to measure “performance”
* Easy to measure energy

September 11, 2013

Measuring Energy Use

* EUI - Energy use per area
— kBtu/sf/yr
— kWh /m?/yr
— 100 kWh,/m?/yr = 31.6 kBtu/sf/yr
* Energy use per person
— Person=? = bedrooms+1
— But.. Design vs actual occupancy?
— Large houses, data centers, hospitals

See BSD-152 Energy Metrics

Building Science.com
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Site vs Souce

* Or electricity is dirty

BSD-151 Site & Source Energy

67

3.365 National average

al
Figure 1: Source energy from power plantto electric service entrance

Gas Water Heater Electric Water Heater
Sito Energy : ~59% Effcent 2% Effciont
urce Energy : ~54% Eficient Source Energy : ~27% Efficient
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Electric uses 2x
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Domestc ot Water % of IWE Apanert Ding Average

5365 Eaet 60 61 200 Ewet 39 B2

Dorset St- Waterloo, ON

* Colder Climate than NYC (8000HDD)
* First floor office, 11 residential units 20,000 sf
* 35 kBtu/sf/yr gas+electric

© buildingscience.com

Site: 213 kBtu/sf
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NEW REPUBLIC  revcon encx o

WEI
New York's "greenest” skyscaper is
actually its biggest energy hog

hen the Bank of America Tower opened in 2010, the press praised it as one
of the world's “most environmentally responsible highrise office
building{s).” It wasn't just the waterless urinals, dayfight dimming controls,
and rainwater harvesting. And & wasn't only the Leadership in Energy and
Environmental Design (LEED) Platinum certification-the first ever for a
skyscraper-and the $947,583 in incentives from the New York State Energy Research
and Development Authority. It also had as a tenant the environmental movement's

Halsall's National Database: Energy Site Intensity (EUI)
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% . Dataset Mean, 29.8 ekwh/ft2 102 kBtu/sf
20
10 Mean Tenant Plug + Lighting + On-Floor HVAC, 8.3 ekWh/ft?

0
Tenant Consumption = 30% of Building EUI
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Was 88 kBtu/sf
Report: 82
Retrofit: 57 target

Bell Trinity Square

Lowest Energy Use Winner (>500,000 ft2

*Built in 1983
* Downtown Toronto
office building

EUI
53.7 kBtu/sf

© buildingscience.com
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NATIONAL RENEWABLE ENERGY LABORATORY RESEARCH SUPPORT FACILITY

Fully operable shades

BY TOM HOOTMAN, AlA
DAVID OKADA. RE.. MEMDER ASHRAE

SHANTI PLESS, MEMBER ASHRAE

MICHAEL SHEPPY. ASSOCIATE MEMBER ASHRAE:
AND PAUL TORCELLINI. PH.O., RE. .MEMBER ASHR)

BUILDING AT A GLANCE

ENERGY USE BREAKDOWN
10 - SEPT. 2011

Chriesbach Building:
Switzerland 22 kbtu/sf!!

A COTE Top Ton Geeen Project. 2091

Public building CO2 footprints revealed (8 pictures) guardian.couk
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Halls of shame: City Hall, London

UK's biggest Energy efficiency rating: E

CO2 offenders Annual C02 emissions: 2,255 tonnes of carbon
New buildings also fared badly, raising questions about the validity of sustainability
claims made by architects and developers. London's City Hall, built in 2002, was
described by its architect Foster & Partners as a "virtually non-polluting public
building” yet has scored an E
Photograph: David Levene 119 kBtu/sf
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NEW YORK CITY
LOCAL LAW 84
lBENCHMARKING
REPORT =~
AUGUST 2012
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Ehe New YJork Times

Oucerrber 26, 2012

City’s Law Tracking Energy
Use Yields Some Surprises

By MIREYA NAVARRO

In courting tenants over the last six years, 7 World Trade Center has
trumpeted its gold LEED rating, an emblem of sound environmental
citizenship.

But when it comes to energy efficiency, the young 52-story tower is
far from a top performer, according to data released under a city law
that tracks energy use in New York buildings. It had a score of 74 —
just below the minimum of 75 set for high-efficiency buildings by the
federal Environmental Protection Agency’s Energy Star program.

On the other hand, two venerated show horses from the 1930s, the
Chrysler Building and the Empire State Building, sailed to an 84 and
an 80 as a result of extensive upgrades of their insulation and
mechanical systems.

Figure 10:Variation in Source Energy Use Intensity (EUI) Within Five Sectors
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Figure 22: Scatter Plot of Multifamily Building EUI Versus Age

Massive Variation in the last 10 yrs
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Figure 23: Scatter Plot of Office Building EUI Versus Age

Source EUI (annual kBtu/sq ft)
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* “When viewed in twenty year increments, a

clear picture seems to emerge for the office
sector: over the last hundred years, the me-
dian EUI for office buildings has steadily risen
by almost 40% from a median EUI of 188.3 for
offices built before 1930, to 262.1 for offices
built since 1990, with the median EUI for the
buildings of each 20 year period being higher
than the preceding one.”

“The multifamily properties seem to grow on
average steadily more efficient from 1900 to
1940 and become steadily less efficient
between 1945 and 1975, after which they
exhibit more volatility.”

Why these trends?

How can “green” buildings use so
much energy???

© buildingscience.com
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Why? Prescription of High Performance
* No one was measuring * Good skin
* Building designs — Rain, air, heat, vapor control
— Not enough insulation — Simple to understand/analyze assemblies
* Thermal bridging, windows ¢ Good HVAC
— Too air leaky — Control temperature, RH, Fresh air seperately
— Over ventilated — Simple to understand/analyze systems
— Not enough solar control * Good design
* Windows . . .
) — Daylight, view, program, enjoyment
— Complex, uncontrolled mechanical systems .
— Assume future changes will occur

Top Ten List

Commercial and institutional mid-size buildings

¢ Limit window-to-wall ratio (WWR) to the range of 30-40%, 50% with very :
high-performance windows THE LUCIDA

¢ Increase window performance (lowest U-value affordable in cold ARCHITEC
climates, including frame effects, low SHGC in sunny/warm)

* Increase wall/roof insulation (esp. by controlling thermal bridging) and
airtighten (shade first in hot climates)

¢ Reduce lighting & equipment/plug power densities

* Separate ventilation air supply from heating and cooling.

¢ Use occupancy and daylighting controls for lights and equipment

« Don’t over ventilate, use heat recovery & demand controlled ventilation
« Improve boiler and chiller efficiency & recover waste heat (eg IT rooms!)

* Use variable speed controls for all large pumps and fans and implement
low temperature hydronic heating and cooling where practical.

* Use a simple and compact building form, oriented to the sun, with a depth
that allows daylight harvesting.

www.BuildingScience.com

Straube © buildingscience.com 9of 19



Building Enclosure Committee

Modeling

* Predict energy use
— For compliance
— For design
— For assessment

September 11, 2013

Modeling Critical
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Insulation

* Thermal bridges of concrete and steel
dramatically reduce performance
— 6” steel stud, R20 batt = R5!
— 6” wood stud, R1 batt = R14

* Windows have R-values of around 2-3. Huge

heat loss

* Airtightness becomes very important as
enclosure insulation is increased

Building Science.com
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Thermal Insulation

Insulation R-value/inch k (W/mK)
Empty airspace 0.75”-1.5" (20-40 mm) R2.0-2.75 0.36 —0.50 W/m2K
Empty airspace 3.57-5.5” (90-140 mm) | R2.75 0.50 W/m2K
Batt (mineral fiber) 3.5-3.8 0.034 - 0.042
Extruded polystyrene (XPS) 5.0 0.029
Polyisocyanurate (PIC) 6.0-6.5 0.022 - 0.024
Expanded polystyrene (EPS) 3.6-4.2 0,034 - 0.040
Semi-rigid mineral fiber (MFI) 3.6-4.2 0.034 - 0.040
Spray fiberglass 3.7-4.0 0.034 - 0.038
Closed-cell spray foam (2 pcf) ccSPF 5.8-6.6 0.022 - 0.025
Open-cell spray foam (0.5 pef) ocSPE 3.6 0.040
Acrogel 8-12 0.012-0.018
Vacuum Insulated Panels (VIP) 20-35 0.004-0.008

Thermal Bridge Examples

* Balconies, etc
* Exposed slab edges

R-value Examples

* What overall average vertical enclosure R-
value should be target?
—R5?
—R10?

* What component (wall, window) target values
should we specify to meet this?

* Ravg =1 /(1/Rwall + 1/R

window)

Thermal bridging- windows

ey

© buildingscience.com
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Thermal bridging- windows Thermal bridging- windows

Add R-2 to windows, get almost half the heat loss/gain from building Adding R-20 to wall reduces less heat loss/gain than improving windows

Thermal bridging- Windows Thermal bridging- Windows

+ +

Straube © buildingscience.com 12 of 19
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Thermal
bridging-
Slabs

Encicaures for Low-Energy Busicings

—1 U = 045 Ry > 6 :
— 2 U 040, Ry 18 q
3 Uy 0.35, Ry # 20 |
—d U = 025 R " 20
e § Uy ® 0,15, Ry 20
0. U * 0,15, Ry 30

» Y - 3 s

Efoctive Overall Wall R-value (b 1t° F/Bitu)

~

Thermal bridging- Steel stud wall Thermal bridging- Slabs+studs

Straube © buildingscience.com 13 of 19
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Thermal Continuity Best-case R-values for stud walls
2
* Some short circuiting is normally tolerated. g —_— oot e
* High-performance walls tolerate few i o
* Major offenders / weak spots is —
— Penetrating slabs (<R1) 2
— Steel studs (<R1) 1
— Windows (R2-R3) g
* Area and low R matter to overall significance g S
) © [R5 3.5 [R-13 3.51n] R-19 6in |R7.5ci 6in] R10c 6in [R-15 3.5 R-19_6in|R-21 6in
T o

www.BuildingScience.com

Source: ASHRAE 90.1-2007, Table A9.28. ¢l denotes a layer of continous insutation with no framing penetrations

¥

Are studs usually 16” o.c.?

Are the studs within a heavier structure?

Building Science.com “* Building Science.com I I8
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Airtighten

* Must increase airtightness
— Improve air quality: where is it coming from
— Demand controlled ventilation
— Typical buildings leak energy, humidity
* Codes and standard are beginning to demand
it
* Can only really know tightness by testing
— Must begin to test large buildings

Building Science.com

Insulation + Airflow: Superinsulate/Airseal

Combined Air and Conduction Flow (70F
\ indoors OF outdoors)

Heat Loss (Bew/h/d) at 70F

2 4= Heut Flow
~8—"w/0.1 ctm 0.3 In wg"

“w/0.4 i I P
1 Ackn Q03w — T @ 75 Fa
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Air Barrier Systems

* Need an excellent air barrier in all buildings
— Comfort & health
— Moisture / condensation
— Energy
— Sound, fire, etc.
* Can’t make it too tight.

* Multiple air barriers improve redundancy

www.BuildingScience.com

Air Barriers and Energy

* Requirements
— Continuous (most important)

— Strong
— Stiff,

— Durable,
— Air Impermeable (least important)

* Easily 1/3 of total heat loss is due to air
leakage in well-insulated building

62/175

2013-09-12

@n}\,\

Commercial Buildings: Often exterior air barrier is only practical solution

Building Science.com

Exterior, fully-adhered air barriers are much easier to reach high performance

Lapped sheet or liquid-
applied water and air barrier

Rigid foam or semi-rigid
mimeral fiber insulation;
nominal 1” drainage gap

Insulation retention washer
Vent and drain
openings @ 247 o.c.

Stainless steel
projecting drip flashing

Vent openings

Use backer rod to fill
defiection joint and debond
water and air barrier

\
N\

NN NS

Moisture-resistant gypsum sheathing

Intermittent steel angle to support
gusset that supports shelf angle
Bent sheet metal concrete

form closure

Concrete fioor slab or

composite deck

Top chord

Light gan
(instalied si
of I-beam)

joist

Open web steel 3

Acoustic ceiling

© buildingscience.com
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Deck level vapor control membrane rarely required if closed cell foam used

Roof air barrier

Fully-adhered
c

Two layers of rigid insulation
(joints staggered and offset) \
\\ \ \ Slope to drain
x min. 2%
i i
—— b} ——

Fully-adhered membrane air barrier ——/ /

Roof deck sheathing - / /

Fluted metal deck
Building Science.co m

September 11, 2013

Solar Gain

Measured by SHGC
Solar gain useful during cold sunny weather

But least heating is needed during daytime for
commercial buildings

Overheating discomfort is a real risk

Must size glass Area x SHGC carefully
— High values = air conditioning and discomfort

www.BuildingScience.com

Interior or Exterior Shade

* Operable Solar Control of windows may be necessary for
ultra-low energy buildings

* Exterior Shades always beat low SHGC glazing
— But the cost capital and maintenance
* Interior shades don’t work well with good windows

—_—

= | ™ rf 7|
Bl 3% . an
\ (&
|l (11N
} 'S
{ ¢ ‘
) ' .
(& N
AN = —L]]
6% e K
% I i -y 4 ™
r
Ll v |
N . =
== b 8% =
Building Science.co m % s %
Interior Shade Exterior Shade

Fully operable shades

2
#

ey Chriesbach Building:
Switzerland

Straube
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10
Glazing Type
By 09
23
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38
g8z o7 example U=08WimK
€< o068 SHGC =045
o2
°
28 os U= 1.4 WimK
Lot SHGC =060
U= 1.8 WimK
05 SHGC = 0.70
L U=3.0WimK
0 white/reflective SHGC =080
° 01 02 03 04 [3 [ 07
Solar Reflectance of Interior Blind
Note: Solar since any solar energy transmitted, and
aimost all that is absorbad, remains in the buiding
09
Glazing Type
08
U= 1.1 WimK
07 -7 SHGC=030
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8
g
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Solar Transmission of Sunshade
Note: Solar transmission is used since any solar energy reflected, and
‘almost al that s absorbed, buiding

Grander View, Waterloo region

"A Grander View" - Predicted and Actual Average Daily Energy Use by Month

* Mostly simple, standard technology =
* Modest cost premium 4000 HDD18
* Designed for 65 kWh/m2/yr 1250 CDD10 .

o LOW ESTIMATE
- ACTUML ENERGY USE

0

wn

per

day 40
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Creating energy and resource efficient buildings

Nate: Predicted vahien are Sated en CWEC weuther data.
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NRG Building, Vermont
T

Energy use - 65 kWh/m?2/yr
Purchased energy even less (25 kWh/m?/yr)
$117/sf + $10sf for Renewable energy equipment =

Andy Shapiro - Consultant

California Large Office: All Energy

#1 The temperature in this area is 199 °C

_ The temperature setting is 169 °C @
™ Cooling

= Ventilation The area is currently Occupled

“ Water Heating

 Cooking -

« Refrgeration The Control Action is currently Heat
Interior Lighting

® Office Equipment
Exterior Lighting
Miscellaneous

“ Process

% 0%

Motors
Air Compressors
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