The End in Mind

> Buildings Matter!
> More than we know...

> Major Trends Impacting Building Decisions
> Energy, Power, Water, Climate, etc.

> What Does the Future Hold

» Emerging Building Performance Priorities
> Implications for Building Professionals
> Engineers, Architects, Code Officials, Contractors, Owners

> What is our responsibility?
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Why Buildings Matter
and
The Role of ASHRAE 90.1

R. Christopher Mathis
MC?2 - Mathis Consulting Company

Who Am I?

> Building Scientist for 35+ years
» Author, Educator

> Standards Developer and User
» ASHRAE Member — 30+ years
»>90.1, 90.2, 189.1, Distinguished Lecturer
> ASTM Member 30+ years
> Insulation, Fenestration, Commissioning, BOD 2018-21
> Code Developer
> IECC, IGCC, State Codes, Federal Codes, etc.

> Beekeeper...

Critical Repeated Message for Today...

“Don’t do what we do!”
(Or did...)

Lessons learned...
Specifics follow...
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Buildings Matter: US Energy Use

Transportation Buildings

First, '
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Energy Production by Source - 2017 Energy Production by Source - 2017
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World Energy Consumption by Fuel Don’t Do What We Do!

1990 - 2040

World energy consumption by source, 19902040
quadrillion Btu 2012
250 liquid fuels > DIVERSIFY energy and power sources

history | projections

natural gas|

0 o > Know what “FINITE RESOURCE” means

150

renewabled

> DECENTRALIZE where possible

L » Put power production close to need

__._._________._.-——-——'_ nuchear

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 ecia

Oh, Canada? Canada Energy Use Growth?

Figuee 2.1 Secondary saergy use by sechor, 2015 Figure 2.5 Total secondary energy use and growth rate by sector,
1990 and 2013

B industrial 40%

Transportation 30% Residential _ 7% growth

B Residential 17% Commercial/ |
- - instutional — 2% 9101

B commercial/ 30% growth
Kk s 1% swabdn )ﬁﬁ__

I Agriculture 3% \\\ TSt R —— 3% 01OWHh

— 5 Agriculture - 40% growth
Buildings? 0 1,000 2,000
~27% . Petajoules

Source: Energy Efficiency Trends in Canada 1990 to 2013 NRCAN 1990 - 2013 Source: Energy Efficiency Trends in Canada 1990 to 2013 NRCAN
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Lighting
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St John's

Source: National Energy Use Database - 2014




Residential Building En

Figure 4. Residential energy use, 2014

Space cooling

Space heating
63.9%

Water heating
19.2%

Source: National Energy Use Database - 2014

> Increasing demand
> Supply challenges
> Peak power issues
> Economic security
> Population change
> Water demand

> Available resources

DMSP F15 (Defense Meteorological Satellite Program)
14 August 2003

01292

~20 hrs before blackout

»

Ottawa r

=— Montieal

Toronto
Detroit [ 1 . o s Boston
— ’

-
Cleveland = "
—— Long lsland

~ Columbus

:The Energy Megatrend
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Canada Savings Perspectives

-
WHILE EMERGY USE IN CANADA INCREASED
BETWEEN 1990 AND 2014, IT WOULD HAVE

55 PERCENT ;S
N 2014, ENERGY EFFICIENCY IMPROVEMENTS AVOIDED
90.5 MEGATONNES o cic eissioss.

CANADIANS

SAVED $38.5 BILLION
ON ENERCY BILLS IN 2004 AS A RESULT OF ENERCY EFFMCIENCY IMmm

THE ENERGY EFFICIENCY PROGRAM SUITE (20112012 TO 2015-2018) ACH
g‘l BILLION IN COST SAVINC
- T -
OVER THE COURSE OF THE ENERGY EFFICIENCY PROGRAM SUITE,

CANADIANS SAVED APPROXIMATELY 16.7 HQF ENERGY BY USING ENERGY STAR®
CEATIFIED PRODUCTS, EQUAL TO THE AMNLUIAL ENERGY USED BY APPROXIMATELY

30,000 HOUSEHOLDS

Utility Concerns

> The “Timing” of our Demand
> Base Load
> Peak Demand
» Cooling Driven
» Lighting Driven

Peak Demand

- °3B8583833883

SDINSP F15 (Defense Meteorological Satellite Program)
15 August 2003
0114Z
~7 hrs after blackout

Ottawa

} ¥ ~— Montreal

5 Albany .
Detroit -
unchanged

Cleveland — :
Brightness in
S~ Long Island is

MUCH reduced
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Climate Change? Buildings Matter!

200

Responsible for over
HALF of the US
carbon emissions...
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Population Growth 2011-2014

Chart 1
Average population growth from 2011 to 2014, by province or
tarritory
percent
3.0
25
2.0
1.5
1.0
0.5
0.0
-0.5
Canada Wi, P.EI. NS. HNB. Que. Ont. Man. Sask., Ala. B.C vT. NWT. Mt
Province or terrtory
Source: Statistics Canada, Population Estimates Program, 2011 to 2014

World Population Trends...

Countries with Population Over 200 Million
1,600 ® China
Fe ® |ndia
= USA
) et ® Indonesia)
;’ 1,000 ® Brazil
= 800 ® Pakistan
600 W Nigeria
400 o Ethiopia
200 H Congo
0 : ® Tanzania
2013 2030 2050 2075 2100 ® Uganda
Year

Energy and Water

Worst US drought in decades deepens to
cover 60 percent of lower 48 states
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Projected Population Growth...?

Chant 21
Population observed (1571 to 2008) and projected {2010 to 2081) according to three scenarios, Canada

thasands
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Power and Water

> US thermoelectric facilities use over 200 billion
gallons of water a day.

Over half of the

withdrawn o
water in the 7 « Electricity

us... 1Irrigation

\ # Drinking

Water and Power Connection...

LALLARARAR @@

L

c Coal and Nuclear Plants use ‘ Q !_!_
C 30 — 50 gallons of water

to produce just ‘ Q : "

1 kWh of electricity ==
. (once through cooling) | Q)
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he volume of water
lowing through America’s
electric utilities is 3 TIMES
the amount flowing over
Niagara Falls!

PNiagara Falls State Park and USGS

Annual Net Migration 2000 - 2004

Florida N 190,894

Arizona
Nevada
Georgia Bl 41,298
North Carolina Ml 39,137
Texas 3l 36,566
Virginia M 20,535
South Carolina 1l 18,576

Tennessee I 16,634

Washington 1] 13,354
11/28/2018
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U.S. Residential Buildings

1%

US Commercial Buildings

74% was

built
= 1990 to 1999
before -
1989! 2000 to 2003
\ 93% of our commercial
building stock was built
before 2003!

« Before 1989

Age of U.S. Homes...

30% Built
New 1989-2009

70%

Existing . Built
Before

1989

Don’t Do What We Do!

> EXISTING BUILDINGS MATTER!
> Recognize, prioritize and bring best your
professional skills to addressing the performance
of existing buildings!

> Keep a perspective on their life expectancy
> Value their performance for a long time
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USS Buildings

FIRST: “Plug the Holes in the Ship!”

October smashes record for global warmth:
Last month keeps 2015 on track to be the
hottest year since 1880

- Global temperatures last month were 1.04°C above long-term average

- This figure is the greatest increase of any month since record began

- There is 99.9% chance this year will beat 2014 as the warmest year ever
blame i ing h gases and a strong El Nifio

Legacy of 2015...

US: 2015 was hottest on Earth by a wide margin

AP

Assaciated Prev

By SETH BORERSTIING
AP Seience Writer
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Built Environment Trends - 1

> More severe climate events
> “Superstorms”
> Extreme cold - “Polar Vortex”
> Extreme heat

Hottest October Since 1880...

October 2015 L—0OTI{°C) Anomaly vs 1951

The World is Getting Warmer...

[The Hottest Year on Record

Cilobally, 2015 was the warmest year in recorded history.

10



2015: Warmest Year in Modern Record Keeping

How far above or below average temperatures were in 2015

s —

18 Q +18 +36 +5.4°F
| Avorage global surface air temperatures +5
0
-5
&30 o0 920 540 1960 1980 2000 2015

2015: BLISTERING FINISH

2015

cumate D centraL

Winter Tops Charts As Warmest on Record For U.S.

3/9/16...

U.S. breaks record for hottest winter —
nearly 5 degrees above normal

THE ASSOCIATED PRESS | Wednesday, March 9, 2018, B.57 AM
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How Far From “Normal”?

2015 Temperature Anomaly (°C)
— e

TENHOTTEST YEARS
All Since 1998

T
0] [ . 10
2015

cLmate QD centraL

cLiMATE

March set even more global temperature
records, NOAA reports

he month of March broke temperature records, making it the eleventh montiN
a row to do so, the National Oceanic and Atmospheric Association reported
Tuesday, with North America having the warmest March ever since records
began in 1910,

s lilarch, the average temperature across the land and goee

smashed the recoTT™res og deg 3 sirEBove the 20th-century
average, NOAA said. That measurement breaks last year's record for March by
over half a degree Fahrenheit, making it the warmest average temperature for

jl the month across the globe since 1880.




Hottest month in

recorded history...

€1 Anamaly va 1931-1880

HOTTEST YEARS
Global Year-to-Date Anomalies (°C) Since 1880
+15

2016

——i

Worldwide 2018...

> Glasgow, Scotland had its hottest day on record,
reaching 89°F on June 28.

> Montreal, Canada set a new all-time high,
reaching 98°F on June 29.

> Ouargla, Algeria had the highest temperature on
record in Africa, reaching 124°F on July 5.
> This is believed to be the hottest temperature reliably
measured in Africa.

> Tianxiang, Taiwan had the hottest temperature
on record in Taiwan, reaching 105°F on July 10.
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2016: The Trend Continues...

TENHOTTEST YEARS
All Since 1998

LU

2016

cumate QD centraL
>a)

MEW YORK STATE FAIR

Tuesday could be hottest day ever at
NY State Fair

persan cooling degree days (normaized)

o

—0 e
z o B SN O e B L e RO i ’
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Built Environment Trends - 3

> Increased expectations for building
performance

> Energy
> Health and IEQ In the US, we spend

> Safety an average of 94%
> Durability of our time indoors!

> Resilience
> Against the forces of nature
> Against changing climate

» Sustainable, Green

> For how long?

What is the Code?

> Least safe...
> Least strong...
> Least energy efficient...

> ...building allowed by law.

We’re not allowed to
build it any crappier...

Disaster Breeds Codes...

> Code of Hammurabi —
1750 BC
> 6th King of Babylonia
» Over 3750 years ago...
> Contains five key
elements designed to
protect the occupants

But we’ve got the
building codes to
handle these issues...

Right?

Disaster Breeds Codes

“Regulatory Simplicity”

> “If a builder build a house
for a man and do not make
its construction firm and the
house which he has built
collapse and cause the
death of the owner of the
house, the builder shall be
put to death...”

11/28/2018
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Disaster Breeds Codes... Europe Learns...

> The Burning of Rome — 64 AD > The Great London Fire — 1666
> Nero didn’t like the slums and stench > Black Plague, raw sewage, tightly spaced buildings
> Established fire safety and sanitation requirements » Two-thirds of the city destroyed
for all buildings following the fire > “London Building Act” adopted after the fire

US Code Milestones... More US Code Milestones

> The Chicago Fire — 1871 > The San Francisco Earthquake — 1906
> What the earthquake didn’t get, the fire did
> Mrs. O’Leary’s cow... ' o2,y > One of the major influencers of today’s structural, fire
> Destroyed 17,000 buildings and life safety codes
> Killed 250 people
> Left 100,000 homeless

> Bankrupted the insurance
industry

> New code adopted in 1875
regulating building construction
and fire prevention.

First Energy Code Milestone What Did We Do After 1973?

> Arab Oil Embargo — 1973-4 > Tried to Save Energy
> President Carter’s Fireside Chat (“Turn your > Developed Standards and Ratings
thermostat down to 65 and wear a sweater” and > Insulation, Appliances, Cars
“Drive 55”)
> Precipitated the first energy codes for buildings — > Innovated (developed new technologies)
ASHRAE 1975 > Insulation, Glazing Technologies, HVAC, Lighting

> Adopted our FIRST Energy Codes

< . > New Market Forces Evolved
ales Limited fo > Utility Programs, Rebates, etc.

410 GALS GAS,

PER CUSTOME 2

14



Why Standards?

@: EPA Fuel Economy Estimates &

CITY MPG HIGHWAY MPG

Automotive

Consumer Signals About Energy!
A Means of Comparison...

Appliances

Energy Code Evolution...

Hurricane Andrew
| August, 1992
| 175 mph wind gusts
™ $25 billion damage

11/28/2018

What’s Possible?

HIGHWAY WPG

92

T et Gt

4-CYL.. 1.5 LITER DISP.. S

VVT-1. DOMC., EFI ENGIME. Tarvs; e {ommi

AUTOMATIC VARIABLE GEAR nileegn ratings

RATIO TRANSMISSION. ranging from

98 402105 sy W the city. e e L ]
nd between Estimated Annual Fuel Cost: wd

B9 ana 97 wop oa e s 201.40 - -y

nighay. nighay.

SINFORMATION NOT AVAILBLE AT TIME OF VEWICLE PRODUCTION.

Wb W

Recent Code Milestones
» Hurricane Andrew — 1992 AD

> 90% of all homes in Dade County Florida had roof
damage

> 117,000 homes were destroyed or had major damage

> Primary driver of today’s hurricane protection codes

15
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Perspective... Katrina...

Katrina’s Legacy...
» Hurricane Katrina — 2005
> Costliest hurricane in US history — est. $80 billion
> Over 1300 confirmed deaths

> 3200 still missing

Following Katrina,
Louisiana and Mississippi
adopted their first codes...

16
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57

. L
i “Superstorm” Sandy

Mantoloking Eridge

ugust 31,2012 -
" Before the Storm...

pan

17



Photo taken by Iwan Baan

Perspective:

When the grid went down in India,
over 350,000,000 people
were without power...

""B‘ﬂgﬁwﬁ;{g&?& imagery courtesy NASA
b
X § tellite 12:57 PM UTC
i B8:57 AM EDT
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Hurricane Sandy

110 mph wind gusts (Category 1) |~
Estimated $20-$30 billion damage |
>6 million people without power |

WP S

=
.I L

Harvey...

18
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“Super Typhoon” Haiyan: 2013

> The strongest storm in recorded history
» Category 5 Event
» Sustained winds of over 96 mph for several hours
» Wind speeds in excess of 260 mph

> Storm surge alone estimated to be responsible
for over 10,000 deaths

> The same area experienced 7.1 magnitude
earthquake less than a month before...

> What lessons will we learn?

11/28/2018

20
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Florence 2018... Florence 2018...

NC Outer Banks... 2018

History has shown that
we wait for disaster
before we act...

There are
consequences
to waiting...

21



Think About What We Are Building...

How much energy? For how long?

What are our responsibilities as
knowledgeable building professionals?

11/28/2018

Don’t Do What We Do!

> Don’t wait to engage other building
professionals in your common goals!
> Architects
> Specifiers
» Commissioning agents
> Policy makers

> “Be a “TEAM” in your shared building
performance objectives.

Think About What We Are Building...

Canada’s Model Energy Code 2017

22
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ASHRAE Mission

To advance the arts and sciences of

O ur AS H RAE heating, ventilating, air
Leadership Role

conditioning and refrigerating
to serve humanity and promote a
sustainable world.

ASHRAE Vision

ASHRAE will be the global leader,
the foremost source of
technical and educational information, AS H R A E 90 . 1
and the primary provider of

opportunity for professional growth in

the arts and sciences of heating, Our Model Energy Code

ventilating, air conditioning and

refrigerating.

90.1-2016

Our Flagship Standard: 90.1

> The US “Model Energy Code”
> Referenced in the Energy Policy Act of 1992
> The Standard against which all state commercial
energy codes are evaluated

for Buildings
Except Low-Rise

Residential Buildings
(I-P Edition)

> Defines the Minimum Energy Efficiency for

» Commercial buildings
> High-rise residential
> Semi-conditioned

> On “Continuous Maintenance”
> Updated every 3 years
> Current edition — 2016

23
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Latest Version of 90.1-2016
> Published October 2016
> Goal was to be 50% more efficient than 2004

> Didn’t get there most places
» Some improvements in each climate zone

Audience Survey

> A few BIG changes...

Net Zero?
Deep Green?

» Many impact architects, specifiers and engineers
> Envelopes, Air sealing, Lighting, Commissioning

> Pay particular attention to building envelope changes
since 2007...

Economic Foundation: LCC

Site Encrey Savings Relative to ASHRAE 1975 (%)

> 90.1 performance levels are based on Life-Cycle

90 1575

g

S04-1980

g

-
=

is still

Nermalized Energy Use Index (1575=100)

8

“Code minimum?”

50.1-1885

90.1-2007

L a0a-r000

90.1-2013

90.1-2016
TARGET: 50% more EE than 2001|>

Cost Analyses
> Each cycle, key variables in valuation are assessed

» Costs
» Savings
> Tax rates
> Fuel escalation rates
> Inflation rates
» Etc.

a long way from
“Net Zero”

o
B i i il Lt T A Tt
3/2018 Page

Life-Cycle Cost Economic Analysis
(ASTM E917)

Scalar Ratio

Energy Savings First Costs

> Economic Life > Loan Life

LCC=FC+M+R+E-RV

> Inflation Rate
where:

> Fuel Escalation Rates
> Heating
> Cooling > Tax Rate
> Federal

> Discount Rate > State

LCC = Life-Cycle Cost (S)

FC = First Cost (S)

M = Maintenance and Repair Costs (S)
= Replacement Costs (S)

E  =Energy Costs (S)

RV = Resale Value or Salvage Value ($)

> Loan Interest Rate

24
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For How Long? “Economic Life”

Building-Related Life Expectancies

Economic Applications

1 - Single Measure, Long Life
» Opaque Envelope Elements

w
Averages Compiled from Multiple Sources: R
+ ASHRAE 90.1 Economic Model assumptions > U-facto rs, 40 years
*  US. Department of Energy. 2011 Buildings Energy Data Book.
B0 + National Association of Home Builders. Study of Life . .
. Exgecmm:y of Holr:e Com!)onenrsu:s:':\fry 2007 2 - M u Itl p I e M easu res’ L g I.lfe
=

. of
Residential Rehabilitation Inspection Guide. National Institute

of Building Sciences. February 2000. » Fenestration
“ASHRAE Handbook Heating, Ventilating, and Air-Conditioning S
Applications’, ASHRAE Inc., 2011. > U-fact 5 SHGC, 40 years

Lighting year estimates based on DOE Core Data Book
assumption of 2 hours of operation per day

Yaare

3 - Single Measure, S Life
» HVAC Equipment
» COP, 15 years

e Yoo u
L M S
l-i . Il l-1 l I ) .w
o
& ¢ g g S
5 & # fzp &

a1
i T I
- e 2 s
&
&

£ &
.

LCC Theory Incremental LCC
E0000 ——First Costs 2000
= |ncremental Energy Savings
45000 ——Energy Costs 1800
——LCC Incremental First Costs
40000 1600
35000 - 1400 \

&
30000 ey

_ 3 1200
s b
25000 =

§ g 1000

—

20000 E 800

15000 600

10000 4 > // -

- <] |
5000 1 T — | 200
———
0 T v T T 0 v

0 5 10 15 20 25 30 35 40 45 50
Energy Conservation Measure

0 5 10 15 20 25 30 35 40 45 50
Energy Conservation Measure

Scalar Ratios for Std. 90.1-2019

Basic Compliance Structure
2016
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Multiple Compliance Approaches...

Building
System

Prescriptive
Option

Trade Off
Option

Energy
Energy Cost
Budget (11) Code
Performance Compliance

Cost Index (G)

Simplified

Approach

Assembly  Wnsulation Ingulnticn

Mazimum = Min, B-Value Win. R-Vatus
UonE  Ra0el U-ooEs  RSed
V0028 R0+ R L Uoos  RassRae
uoo2 A.ag U-o03e R30
U-ao7 R152 el u-a 15t RA57eil
U-0.050 RO+ R1bei U0 RO+«RoeAcl
U008 B3+ R28ci Uoost A3 Rasel
U051 A3+ RTEcior U-0.083 R-13

R19+ RS ci

Prescriptive Fenestration Example

Fenestration

Vertical Fenestration,

Assembly | Assembly | Assembly
Min.

VTISHGC
(for all frame types)

0% to 40% of Wall

Nonmetal framing, all K 0.40 1.10

Metal framing, fixed

Metal framing, operable

Metal framing, entrance

door

11/28/2018

New Compliance Option in 2016

> Performance Rating Method (Appendix G)
> Now Appendix G can be used as a path for
compliance, not just modeling rules!
> Alternative to Chapter 11: Energy Cost Budget

> Single path for demonstrating minimum code
compliance as well as for above-code programs!

> New metric: Performance Cost Index (PCl)
accommodates various climate zones and prominent
commercial building types

» Common baseline, allowing buildings of any vintage
to be rated.

Insulation entirely above doc) L0063 U-0.063 U173
Walls. Above-Grade

Slepl-framed Uo0as U064 U024
Wak, Bolow-Grade

Balow-grade wall C-1.940 c-0.118 C-1.140
Fioors

Steel-joist 10,038 U-0.038 U-0.083
Slab-on-Grade Floors

Unhaated FO.730 F0.730 F-0.730
Opague Doors

Swinging U-0.500 U700
Nanswinging U-0.500 U-1.450

Appendix G: Focus on PERFORMANCE

Assembly
Max. SHGC

Assembly

Fenestration Max. U
Vertical Glazing. % of Wail

0% to 10.0% SHGC,-0.49
10.1% to 20.0% SHGC,r0.39
20.1% t0 30.0% SHGC,r0.39

30.1% t0 40.0%

SHGC,;r0.39
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General Compliance Structure

Section 5 Building Envelops
1
Section 5.1 General
A

X
Saction 54 Mandatony Provisions

{ Section 5.2 Definition of Comgliance Paths

—— - ¥ —
Section 5.5 | [Section55 | [Section 11 Appendix G
Prescriptive | | Envelope Enargy Cost
Path Trace-Off Budpet

Pexformance Rating

Section 5.7 Submittals

L]
Section 5.8 Products

[
Section 5.9 Inspaction and Verficaton

The Thermal Envelope:
Prescriptive Tables and Changes

2004 to 2013/16: Roofs

Commercial Above Deck [U-factor)
o.07 040

imste Zone
W901'4 m90107 w5113

11/28/2018

New Envelope Requirements 2016

> Mandatory requirements for:
> Envelope verification regarding air leakage
> Reduced leakage for overhead coiling doors

> More efficient Prescriptive requirements for:
» Metal building roofs and walls
> Fenestration (in some climate zones)
> Opaque doors (in some climate zones)
> Improved definitions and clarifications for:
> Exterior walls and building orientation
> Effective R-value of enclosed air spaces

> Added prescriptive requirements for CZ 0

2004 versus 2016
Examples

2004 versus 2013/16: Walls
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2013 versus 2016 Opaque?

Commercial Steel Framed Wall (U-factor)
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Heat Loss (winter)
LA > Common aluminum-

framed, single glazed
windows lose 3 to 4
times more heat
in winter than today’s
most basic energy
efficient technologies

> Cold glass surfaces with
recurring condensation

> BIG impact on comfort

> BIG impact on heating

costs
Existing = New
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Compare the Heat Transfer...

Opaque versus Fenestration...

Steel-framed | Curtain Wall
Walls (metal, fixed)
CZ5 0.055 0.38

CZ6 0.049 0.36
cz7 0.049 0.33

7.3 times
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Solar Heat Gain Coefficient

Think about...

> Comfort?

Fenestration SHGC

> Resilience? Probal.)Iy one of the
ass | | Next biggest areas for

A i Eigaidel

> Durable? - - o b, improvement in the
> Code Compliant? =2 13 ™ | iR
> Thermal Bridges? z =} 3 S0

- ! : o
> Energy? -
> Peak power?
> Carbon? -

Ciimate Zone

- 2004 2007 m 2013

Heat Gain (summer) Think About What We Build...

Solar Heat Gain > Air conditioning energy is

very expensive

> Today’s code minimum
window technologies are
over 3 times more
efficient at blocking
unwanted heat gain
than common aluminum-
framed, single glazed
windows

> Windows generally drive
the air conditioning load
(residential)

> Windows generally
determine the perimeter

load (commercial)
Existing = New

Think About What We Build...

How much energy? For how long?

What are our responsibilities as
knowledgeable building professionals?
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Sometimes the
message is pretty
simple...

PLUMBING
STACK VENT I

Controlling Envelope Air Leakage - 2

>90.1 - 2010

> A FOCUS on controlling and limiting air leakage
> Requires a continuous air barrier
> Lists approved materials and assemblies
> Revised vestibule requirements, loading docks

> 90.1-2013

> More refining air leakage language

> 90.1-2016

> Air leakage testing or air barrier commissioning
> Maximum leakage: 0.4 cfm/sq.ft.

11/28/2018

Controlling Envelope Air Leakage - 1

> 90.1 - 2004
> General language about minimizing air leakage,
sealing cracks, specific references to window and
door leakage

> 90.1-2007
> Same language

Most Buildings Are SMALL!

Over 85% of US
commercial buildings

100% are less than
0% 25,000 square feet!
Size of bulkiings
80% in square feet
T0% = Over 500,000
0% w 200,001 to 500,000
50% = 100,001 to 200,000
= 50,001 to 100,000
40% = 25,001 1o 50,000
30% = 10,001 to 25,000
20% = 5,001 to 10,000
= 1,001 to 5,000
10%
0% —
percent of total commercial percent of total commercial )
buildings floerspace cla
Source: U.S. Enen stration, 2012 Commercial Bi Energy Consumption 5_'.&::
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We CAN Test Large Building Air Leakage...

Load Calculation Example

What is the Impact of
Envelope Air Leakage?

Mechanical Systems 2016 — (B)

> Improved elevator efficiency requirements

> Added fault detection and diagnostics to
economizers

> New requirements for replacement equipment
such as:
> Adding economizers
> Adding fan speed controls
» Etc.

11/28/2018

Envelope Tools Examples

— I ———1
3 — T

Il e -

Mechanical Systems Improvements 2016

> Chilled water plant metering
> Large electric-driven chilled water systems must be
monitored for electric use and efficiency

> Added energy efficiency and rating

requirements for Dedicated Outdoor Air
Systems (DOAS)
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New Lighting Requirements 2016 (A)

> Dwelling Units must use high efficacy lighting or
controls (like dimmers and sensors)

> Alterations of more than 20% of the lighting
load must meet nearly all the mandatory
lighting control requirements as for new
construction

> Partial-off occupancy sensor control required
for parking lot lighting poles 24 feet or less
above ground.

Other Major Improvements - 2016

> Lighting Power Densities
> Lighting and Daylighting Controls
> Improved Equipment Efficiencies

> Improved Equipment Controls
» Deadbands, setbacks, off-hour, damper controls, etc.

> Economizers (that actually function)
> Heat Recovery

> Refined Energy Modeling Rules

> Commissioning of Critical Systems - !!

Thinking about those recent load calcs again?

18

Engineers:

What do these new
envelope requirements mean for
your load calculations, equipment sizing
and selection?

> Does your favorite architect and
specifier know about these new
(now old) code requirements?

11/28/2018

Example: Lighting Power Allowances

Whole Building Method (W/sq.ft. of lighting power)

Building Type 90.1-2007 | 90.1-2010 | 90.1-2013 | 90.1-2016
Office 1.0 0.9 0.82 0.79
School/University 1.2 1.2/0.99 0.87 0.81

Retail 1.5 1.4 1.26 1.06

Space-by-space Method (W/sq

ft. of lighting power)

Space Type 90.1-2007 | 90.1-2010 | 90.1-2013 | 90.1-2016
Office Open N/A/1.1 1.0/0.98 0.98 0.81
Classroom N/A /1.4 1.3/1.24 1.24 0.96/0.92
Sales Area N/A /1.7 1.6/1.68 | 1.59/1.44 1.22

Architects and Specifiers:

What do these
new envelope requirements
mean for your decisions about
amount of glass, wall insulation system,
and air sealing plans?

> Does your favorite engineer know
about these new (now old) code
requirements?

Contractors:

What do these
new envelope requirements mean for
your Quality Control Programs,
scheduling and oversight on
fenestration, wall insulation system, and
envelope air sealing plans?

> Does everyone on your team
know about these new (now old)
code requirements?
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Improvements in EUI: 1975 to Present

Site Energy Savings Relative to ASHRAE 1975 (%)

$0-1975

g

S0A-1820

A0.1- 197

g

Audience Survey

a0, 1-3007

3

|\ s0-1-2010

50.1-2013

aA-POIE

&

“Code minimum?”
is still
a long way from
“Net Zero”

How Long Will It Last?

Narmalized Energy Use Index [1975=100]

H

o
B R i T L T

Audience Survey Some of the Oldest Buildings in Canada

> House either one of your parents grew up in is > Andersen House, St. John’s — 1804
still standing >~213 years

> House one of your four GRANDparents grew up
in still standing

> GREAT-grandparents’ homes?

Old Stone Mill, Delta, Ontario 157 years...

> 1810
> ~207 years old...

> Holy Trinity Anglican
Church, Saskatchewan
> 1860
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267 years...

> St. Paul’s Anglican
Church, Halifax
> 1750
» ~265 years

370 years and counting...

> Cathedral-Basilica of
Notre-Dame de
Québec
> 1647
> 1786-1822
> 1931

Gravity...

333 years and counting...

> Le Séminaire de Saint-Sulpice, Quebec

> 1684

11/28/2018
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Small Problems in Long-Lived Systems

> Envelope deficiencies
have a “trickle-down”
effect on the
performance of other
critical building
systems
>HVAC Sizing
> Controls Effectiveness
> Human Comfort

> It’s easier (and
cheaper) to “get it
right the first time!”
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@2_4 3
@ ) Sometimes the
e, @ message is pretty
) simple...

What the Code is NOT

> Not leading edge

> Not superior performance
> Not exemplary

> Not green

> Not sustainable

> Not differentiating

It is the starting point for all differentiation...

Page 215
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We Learn When We Measure Stuff...

Recap: What is the Code?

> Least safe...
> Least strong...
> Least energy efficient...

...building allowed by law.

We’re not allowed to
build it any crappier...!

The Starting Point for

> Energy Star

> LEED

> Green Globes

> Building America

> Houses That Work

> And every other “beyond code” program...
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The Road to “Net Zero”

Blosk Befter than Code?
X%t Bédies 2han Code?

30% Better than Code?

Minimum Energy Code

Mathis Consulting Company Page 217

Everybody Wants to be Green...

> ASHRAE 189

> ICC International Green
Construction Code

> “It ain’t easy...”
> Standards
> Ratings
> Metrics
> Boundary Conditions
> How long?

What About Those Other Objectives?

> Durability?
> Resilience?
> IEQ?

> Comfort?

> Carbon?

11/28/2018

What About The Road to “Green”?

LEED

» Certified
n Silver
» Gold-Patinum Measured
vs.
Proposed
Energy Savings

These buildings use

. +— more energy than the
@i code baseline! Source: Source: New
Buildings
Institute/USGBC’s
energy performance of
LEED for new
-100% ’:..:__—‘_:___,.__.___,__,___‘ construction buildings

0% 25% 50% T8% 100%
Proposed Savings %

&
7

<- Measured Losses | Measured Savings ->

Figure 20: Measured versus Proposed Savings Percentages
371472018 Vet O nECOmpam

Code EUI Over Time (ASHRAE 1975=100)

90-1975
100
208-1380
? 90.1-1989
Eoa 90.1-199:
a 0.1-2004
5 20.1-2007
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Sometimes change doesn’t wait on us...

TENHO i I EST YEARS

All Since 1998

cLiMaTE QD) cenTRAL
P,

Mathis Consulting Co

.;,ll'

March 13, 2011

Get imvolved apan earitxuake Popuiar now
Ways 1 holp eathauake susvors  Follow the labest davakensants, ... Machias plant - Diaylight saving tisne - Bro 10ur bus +HFL lackd

Mathis Consulting Company
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Our Leadership Responsibility

> Get engaged! TEACH!
> Get engaged in local code adoption and compliance
> Support local building performance education
> Collaborate! Architects, Building Officials, Developers,
Product Suppliers, etc.

»> Commission Stuff!
> Envelopes, HVAC, Lighting systems, Controls

> Measure Stuff!
> Leakage, comfort conditions, air flows, radiant
asymmetry, water use, energy use, etc.

> New and Existing Buildings!
» Commercial AND Residential

Consulting

Mathis Consulting Compan
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Recent Scary Numbers

EIA projects world energy consumption will increase 56%
by 2040

World energy consumpricn

quadrifion 8 =N A
::: history | projections .
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The End in Mind

> Buildings Matter!
> It is up to knowledgeable building industry
professionals to deliver this message.

> Major Trends Impacting Building Decisions
» Environmental Trends
> Human Expectation Trends
> Population, Water, Power...

> The Latest Energy Code
» The Starting Point for Building Performance
» Major Implications for Building Professionals
> Critical Step in Bwldmg Industry Leadership

Thank You!

R. Christopher Mathis
President — Mathis Consulting Company
Asheville, NC, USA
chris@mathisconsulting.com
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Recent Scary Numbers

> China’s energy consumption will DOUBLE
between 2010 and 2020

> Source: McKinsey 2009

Economic growth continues to drive China's growing need
for energy
China's sconomy drives increase in emergy consumption r

—rolal anergry comumption  =——GOP fresl 2000 dollae)
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_Thank you!
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