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R. Christopher Mathis
MC2 ‐ Mathis Consulting Company

The End in MindThe 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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Who Am I?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...
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93 ±2 F
33.8 ± 1.1  C11/28/2018 Page 5

“Don’t do what we do!”
(Or did…)

Critical Repeated Message for Today…Critical Repeated Message for Today…

Lessons learned…
Specifics follow…
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First, 
Some Context…

First, 
Some Context…

Buildings Matter: US Energy UseBuildings Matter: US Energy Use
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39.4%

31.6%

29.0%

Buildings

Industry

Transportation

Source: USEIA ‐ 2016

39.4%

31.6%

29.0%

18.7%

Buildings Matter: US Energy UseBuildings Matter: US Energy Use
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Residential

Industry

Transportation

Source: USEIA ‐ 2016

20.7%

Commercial

Source: US EIA 2017

Total US Energy Consumption 1949 ‐ 2015Total US Energy Consumption 1949 ‐ 2015
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Total Primary Energy

Total Fossil Fuel
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Energy Production by Source ‐ 2017Energy Production by Source ‐ 2017

PetroleumNatural Gas

Coal

Nuclear

Renewables
17%

39% 23%

12%

9%
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Energy Production by Source ‐ 2017Energy Production by Source ‐ 2017
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Nuclear

Renewables

12%

9%

Fossil Fuels

79%

Total Energy by Source 1949 ‐ 2015Total Energy by Source 1949 ‐ 2015
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Projections on the Future? (US to 2050)Projections on the Future? (US to 2050)
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Coal

Natural Gas

Nuclear

Renewables

Source: EIA AEO 2018

Petroleum
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World Energy Consumption by FuelWorld Energy Consumption by Fuel
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1990 – 2040

Don’t Do What We Do!Don’t Do What We Do!

DIVERSIFY energy and power sources

Know what “FINITE RESOURCE” means

DECENTRALIZE where possible
Put power production close to need

11/28/2018 Page 20

Oh, Canada?Oh, Canada?
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Source: Energy Efficiency Trends in Canada 1990 to 2013  NRCAN

Buildings? 
~27%

Canada Energy Use Growth?Canada Energy Use Growth?
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Source: Energy Efficiency Trends in Canada 1990 to 2013  NRCAN
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Commercial Building Energy UseCommercial Building Energy Use
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Source: National Energy Use Database ‐ 2014
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Residential Building Energy UseResidential Building Energy Use
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Source: National Energy Use Database ‐ 2014

Canada Savings PerspectivesCanada Savings Perspectives
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 Increasing demand

 Supply challenges

 Peak power issues

 Economic security

 Population change

 Water demand

 Available resources

The Energy MegatrendThe Energy Megatrend
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Utility Concerns Utility Concerns 

 The “Timing” of our Demand
Base Load
Peak Demand
Cooling Driven
Lighting Driven
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Responsible for over 
HALF of the US 
carbon emissions…

Climate Change? Buildings Matter!Climate Change? Buildings Matter!
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Source:  USEIA 

11/28/2018 32

11/28/2018 11/28/2018 34

Population Doubled in 50 Years

Population Doubles in 30 Years?

Population Doubles in 40 Years?

We Are Here
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Population Doubled 
in less than 40 years...

3 B
1960

6 B
1999

7 B 
2010

8 B
2023

9 B
2037

Source: 
UN Department of Economics and Social 
Affairs (2015)

World Population Projections to 2060World Population Projections to 2060
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Population Growth 2011‐2014Population Growth 2011‐2014
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Projected Population Growth...?Projected Population Growth...?
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World Population Trends…World Population Trends…
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Maslow’s “Hierarchy of Need”

Energy and WaterEnergy and Water

US News, 11/22/2012
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Water Implications…Water Implications…

US Geological Survey 2012
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Power and WaterPower and Water

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

Sources: Union of Concerned 
Scientists 2011, USGS 2012 

Over half of the 
withdrawn 
water in the 
US…
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The volume of water 
flowing through America’s 
electric utilities is 3 TIMES 
the amount flowing over 
Niagara Falls!

Niagara Falls State Park and USGS

Niagara FallsNiagara Falls
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Water and Power Connection…Water and Power Connection…

Coal and Nuclear Plants use 

30 – 50 gallons of water 
to produce just

1 kWh of electricity
(once through cooling)
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US Commercial BuildingsUS Commercial Buildings

Source: USEIA , 2003 CBECS

74%

19%

7% Before 1989

1990 to 1999

2000 to 2003

93% of our commercial 
building stock was built 

before 2003!

74% was 
built 

before
1989!
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U.S. Residential BuildingsU.S. Residential Buildings

Source: USEIA – 2009 RECS

New

Existing

1%

99%
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Age of U.S. Homes…Age of U.S. Homes…

Source: USEIA – 2009 RECS
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Don’t Do What We Do!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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FIRST – Plug the Holes in the Ship!

ZEV

USS Buildings

FIRST:  “Plug the Holes in the Ship!”
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Built Environment Trends ‐ 1Built Environment Trends ‐ 1

More severe climate events
 “Superstorms”
Extreme cold ‐ “Polar Vortex”
Extreme heat

August 22, 2015
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Trends ‐ 2Trends ‐ 2
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Hottest October Since 1880…Hottest October Since 1880…

58

11/28/2018

Legacy of 2015…Legacy of 2015…
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The World is Getting Warmer…The World is Getting Warmer…
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2015: Warmest Year in Modern Record Keeping2015: Warmest Year in Modern Record Keeping
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How Far From “Normal”?How Far From “Normal”?
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3/9/16… 3/9/16… 
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4/20/16…4/20/16…
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July 2016July 2016

Hottest month in 
recorded history…
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2016: The Trend Continues...2016: The Trend Continues...
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Worldwide 2018...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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Air Conditioning for Everyone?Air Conditioning for Everyone?
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Built Environment Trends ‐ 3Built Environment Trends ‐ 3

 Increased expectations for building 
performance
Energy
Health and IEQ
Safety
Durability
Resilience 
Against the forces of nature
Against changing climate

Sustainable, Green

For how long?
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In the US, we spend 
an average of 94% 
of our time indoors!

But we’ve got the 
building codes to 

handle these issues… 

Right?

What is the Code?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 CodesDisaster Breeds Codes

Disaster Breeds Codes…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

“Regulatory Simplicity”“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…”
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Disaster Breeds Codes…Disaster Breeds Codes…

 The Burning of Rome – 64 AD
Nero didn’t like the slums and stench
Established fire safety and sanitation requirements 
for all buildings following the fire

Europe Learns…Europe Learns…

 The Great London Fire – 1666
Black Plague, raw sewage, tightly spaced buildings
Two‐thirds of the city destroyed
 “London Building Act” adopted after the fire

US Code Milestones…US Code Milestones…

 The Chicago Fire – 1871

 Mrs. O’Leary’s cow…

 Destroyed 17,000 buildings

 Killed 250 people

 Left 100,000 homeless 

 Bankrupted the insurance 
industry 

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

More US Code MilestonesMore US Code Milestones

 The San Francisco Earthquake – 1906
What the earthquake didn’t get, the fire did
One of the major influencers of today’s structural, fire 
and life safety codes

First Energy Code MilestoneFirst Energy Code Milestone

Arab Oil Embargo – 1973‐4
President Carter’s Fireside Chat (“Turn your 
thermostat down to 65 and wear a sweater” and 
“Drive 55”) 

Precipitated the first energy codes for buildings –
ASHRAE 1975

What Did We Do After 1973?What Did We Do After 1973?

 Tried to Save Energy
Developed Standards and Ratings
Insulation, Appliances, Cars

 Innovated (developed new technologies)
 Insulation, Glazing Technologies, HVAC, Lighting

Adopted our FIRST Energy Codes

New Market Forces Evolved
Utility Programs, Rebates, etc.
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Why Standards?Why Standards?

Appliances

Consumer Signals About Energy!
A Means of Comparison…

Automotive

What’s Possible?What’s Possible?

Energy Code Evolution…Energy Code Evolution… Early Energy Code SolutionsEarly Energy Code Solutions

Hurricane Andrew

August, 1992

175 mph wind gusts
$25 billion damage

Recent Code MilestonesRecent 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
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Perspective...Perspective... Katrina…Katrina…

Katrina’s Legacy…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…

Disaster 
in NC…
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August 31, 2012 –
Before the Storm…

“Superstorm” Sandy

After…

August 31, 2012 –
Before the Storm…

After…
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Photo taken by Iwan Baan

Hurricane Sandy
110 mph wind gusts (Category 1)

Estimated $20-$30 billion damage

>6 million people without power

Perspective:

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

Perspective:

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

Harvey...Harvey...

Irma...Irma... “More Frequent Severe Storm Events..."“More Frequent Severe Storm Events..."
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Moore, Oklahoma…Moore, Oklahoma…

F5 Tornadoes Since 1950…F5 Tornadoes Since 1950… F4 Tornadoes Since 1950F4 Tornadoes Since 1950

F3s…F3s… F2s…F2s…
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“Super Typhoon” Haiyan…“Super Typhoon” Haiyan…

 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?

“Super Typhoon” Haiyan: 2013“Super Typhoon” Haiyan: 2013
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Florence 2018...Florence 2018...
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Florence 2018...Florence 2018...
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More Storms, More Severe... 2018More Storms, More Severe... 2018
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NC Outer Banks... 2018NC Outer Banks... 2018
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Asheville, NC 2018...Asheville, NC 2018...
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History has shown that 
we wait for disaster 
before we act…

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

There are 
consequences 

to waiting…
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Don’t Do What We Do!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...Think About What We Are Building...

Think About What We Are Building...Think About What We Are Building...

How much energy?  For how long?

What are our responsibilities as 
knowledgeable building professionals?

Canada’s Model Energy Code 2017Canada’s Model Energy Code 2017
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Our ASHRAE 
Leadership Role
Our ASHRAE 

Leadership Role

ASHRAE MissionASHRAE Mission

To advance the arts and sciences of 
heating, ventilating, air 

conditioning and refrigerating 
to serve humanity and promote a 

sustainable world.

ASHRAE VisionASHRAE Vision

ASHRAE will be the global leader, 
the foremost source of 

technical and educational information, 
and the primary provider of 

opportunity for professional growth in 
the arts and sciences of heating, 
ventilating, air conditioning and 

refrigerating.

ASHRAE 90.1ASHRAE 90.1

Our Model Energy Code

90.1‐201690.1‐2016

3/14/2018 Mathis Consulting Company Page 137

Our Flagship Standard: 90.1Our 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

Defines the Minimum Energy Efficiency for
Commercial buildings
High‐rise residential
Semi‐conditioned

On “Continuous Maintenance”
Updated every 3 years
Current edition – 2016

5/3/2018 Page 138



11/28/2018

24

Latest Version of 90.1‐2016Latest 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

A few BIG changes…

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

Pay particular attention to building envelope changes 
since 2007...
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Audience SurveyAudience Survey

Net Zero?

Deep Green?

Improvements in EUI: 1975 to PresentImprovements in EUI: 1975 to Present

“Code minimum”
is still 

a long way from 
“Net Zero”

TARGET: 50% more EE than 2004
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Economic Foundation: LCCEconomic Foundation: LCC

 90.1 performance levels are based on Life‐Cycle 
Cost Analyses
Each cycle, key variables in valuation are assessed
Costs
Savings
Tax rates
Fuel escalation rates
Inflation rates
Etc.
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Life‐Cycle Cost Economic Analysis
(ASTM E917)

Life‐Cycle Cost Economic Analysis
(ASTM E917)

LCC = FC + M + R + E ‐ RV
where:

LCC  = Life‐Cycle Cost ($)
FC = First Cost ($)
M = Maintenance and Repair Costs ($)
R = Replacement Costs ($)
E = Energy Costs ($)
RV = Resale Value or Salvage Value ($)
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Scalar RatioScalar Ratio

Energy Savings

 Economic Life

 Fuel Escalation Rates
 Heating
 Cooling

 Discount Rate

First Costs

 Loan Life

 Inflation Rate

 Tax Rate
 Federal
 State

 Loan Interest Rate

5/3/2018 144
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For How Long? “Economic Life”For How Long? “Economic Life”

5/3/2018 Page 145

Averages Compiled from Multiple Sources:
• ASHRAE 90.1 Economic Model assumptions
• U.S. Department of Energy.  2011 Buildings Energy Data Book.
• National Association of Home Builders.  Study of Life 

Expectancy of Home Components. February 2007
• U.S. Department of Housing and Urban Development.  

Residential Rehabilitation Inspection Guide.  National Institute 
of Building Sciences.  February 2000.

• “ASHRAE Handbook Heating, Ventilating, and Air‐Conditioning 
Applications”, ASHRAE Inc., 2011.

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

Economic ApplicationsEconomic Applications

1 ‐ Single Measure, Long Life
Opaque Envelope Elements
U‐factors, 40 years

2 ‐ Multiple Measures, Long Life
Fenestration
U‐factors, SHGC, 40 years

3 ‐ Single Measure, Short Life
HVAC Equipment
COP, 15 years

1-1465/3/2018
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Incremental LCC
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Scalar Ratios for Std. 90.1‐2019Scalar Ratios for Std. 90.1‐2019
Life SRh SRc Life SRh SHc

1 1.0 1.0 26 19,8 17.7
2 1.8 1.9 27 20.3 18.1
3 2.7 2.8 28 20.8 18.5
4 3.6 3.6 29 21.2 18.8
5 4.6 4.5 30 21.7 19.2
6 5.5 5.4 31 22.1 19.5
7 6.4 6.2 32 22.5 19.9
8 7.3 7.0 33 22.9 20.2
9 8.1 7.8 34 23.3 20.5
10 9.0 8.5 35 23.6 20.8
11 9.8 9.3 36 24.0 21.1
12 10.6 10.0 37 24.3 21.4
13 11.4 10.7 38 24.7 21.6
14 12.2 11.3 39 25.0 21.9
15 13.0 12.0 40 25.2 22.1
16 13.7 12.6 41 25.5 22.3
17 14.4 13.2 42 25.8 22.6
18 15.1 13.8 43 26.1 22.8
19 15.7 14.3 44 26.3 23.0
20 16.4 14.9 45 26.5 23.2
21 17.0 15.4 46 26.8 23.4
22 17.6 15.9 47 27.0 23.5
23 18.2 16.3 48 27.2 23.7
24 18.7 16.8 49 27.4 23.9
25 19.3 17.2 50 27.6 24.0
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Basic Compliance Structure
2016

Basic Compliance Structure
2016
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Multiple Compliance Approaches...Multiple Compliance Approaches...

Mandatory 
Provisions
(Required for 

most compliance 

options)

Building 
System

Compliance 
Options

Energy 
Code

Compliance

Prescriptive 
Option

Energy Cost 
Budget (11)

Trade Off 
Option

Simplified
Approach

Envelope

HVAC

Lighting

SWH

Power

Other
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Performance 
Cost Index (G)

New Compliance Option in 2016New 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 (PCI) 
accommodates various climate zones and prominent 
commercial building types

Common baseline, allowing buildings of any vintage 
to be rated.
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Example: Prescriptive Envelope Tables Example: Prescriptive Envelope Tables 
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Appendix G: Focus on PERFORMANCE!Appendix G: Focus on PERFORMANCE!
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Prescriptive Fenestration ExamplePrescriptive Fenestration Example
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Appendix G: Focus on PERFORMANCEAppendix G: Focus on PERFORMANCE
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General Compliance StructureGeneral Compliance Structure
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New Envelope Requirements 2016New 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
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The Thermal Envelope: 
Prescriptive Tables and Changes

The Thermal Envelope: 
Prescriptive Tables and Changes

2004 versus 2016
Examples

2004 versus 2016
Examples

2004 to 2013/16: Roofs2004 to 2013/16: Roofs

R‐15

R‐20

R‐30
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2004 versus 2013/16: Walls2004 versus 2013/16: Walls
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R‐13+12.5ci
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2013 versus 2016 Opaque?2013 versus 2016 Opaque?
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R‐13+12.5ci
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Heat Loss (winter)Heat Loss (winter)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

U‐Factors

Existing New

 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 

5/3/2018 165

Compare the Heat Transfer...Compare the Heat Transfer...

Opaque versus Fenestration…

Steel‐framed
Walls

Curtain Wall
(metal, fixed)

CZ 5 0.055 0.38

CZ 6 0.049 0.36

CZ 7 0.049 0.33

7.3 times

6.7 times

6.9 times

ASHRAE 90.1‐2016
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Think about...Think about...

 Comfort?

Resilience?

Durable?

 Code Compliant?

 Thermal Bridges?

 Energy?

 Peak power?

 Carbon?
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Solar Heat Gain CoefficientSolar Heat Gain Coefficient

Probably one of the 
next biggest areas for 
improvement in the 
Code…
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Heat Gain (summer)Heat Gain (summer)

0

0.2

0.4

0.6

0.8

1

Solar Heat Gain

Existing New

 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)
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Think About What We Build...Think About What We Build...
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Think About What We Build...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...
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Controlling Envelope Air Leakage ‐ 1Controlling 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
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Controlling Envelope Air Leakage ‐ 2Controlling 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.
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Over 85% of US
commercial buildings 

are less than 
25,000 square feet!

Most Buildings Are SMALL!Most Buildings Are SMALL!
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We CAN Test Large Building Air Leakage...We CAN Test Large Building Air Leakage...
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Envelope Tools ExamplesEnvelope Tools Examples

Photos courtesy of 
The Energy 
Conservatory

Photos courtesy of 
The Energy 
Conservatory

5/3/2018 Page 182

Load Calculation ExampleLoad Calculation Example

What is the Impact of 

Envelope Air Leakage?

Mechanical Systems Improvements 2016Mechanical 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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Mechanical Systems 2016 – (B)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.
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New Lighting Requirements 2016 (A)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.
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Example: Lighting Power AllowancesExample: 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

5/3/2018 Page 188

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

Other Major Improvements ‐ 2016Other 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?
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Architects and Specifiers:Architects and Specifiers:

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

What do these 
new envelope requirements 
mean for your decisions about 

amount of glass, wall insulation system, 
and air sealing plans?
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Engineers:Engineers:

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

What do these new 
envelope requirements mean for 

your load calculations, equipment sizing 
and selection?
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Contractors:Contractors:

Does everyone on your team 
know about these new (now old) 
code requirements?

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?
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Improvements in EUI: 1975 to PresentImprovements in EUI: 1975 to Present

“Code minimum”
is still 

a long way from 
“Net Zero”
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Audience SurveyAudience Survey

How Long Will It Last?

Audience SurveyAudience Survey

House either one of your parents grew up in is 
still standing

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

GREAT‐grandparents’ homes?
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Some of the Oldest Buildings in CanadaSome of the Oldest Buildings in Canada

Andersen House, St. John’s – 1804
~213 years
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Old Stone Mill, Delta, OntarioOld Stone Mill, Delta, Ontario

 1810
~207 years old…
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157 years…157 years…

Holy Trinity Anglican 
Church, Saskatchewan
1860
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267 years…267 years…

 St. Paul’s Anglican 
Church, Halifax
1750
~265 years
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333 years and counting…333 years and counting…

 Le Séminaire de Saint‐Sulpice, Quebec
1684
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370 years and counting...370 years and counting...

 Cathedral‐Basilica of 
Notre‐Dame de 
Québec
1647
1786‐1822
1931
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Gravity...Gravity...
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How Long Will It Last?How Long Will It Last?
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Small Problems in Long‐Lived SystemsSmall 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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We Learn When We Measure Stuff...We Learn When We Measure Stuff...
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Sometimes the 
message is pretty 
simple...
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Recap: What is the Code?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…!
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What the Code is NOTWhat 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…

3/14/2018 Mathis Consulting Company Page 215

The Starting Point forThe 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”The Road to “Net Zero”

Minimum Energy Code

30% Better than Code?

40% Better than Code?

50% Better than Code?

Net Zero

Next Steps?

How far?
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What About The Road to “Green”?What About The Road to “Green”?
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Everybody Wants to be Green…Everybody Wants to be Green…

 ASHRAE 189

 ICC International Green 
Construction Code

 “It ain’t easy…”
 Standards
 Ratings
 Metrics
 Boundary Conditions
 How long?
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Example Problems with “Green”Example Problems with “Green”

LEED 

Measured 
vs. 

Proposed 
Energy Savings

Source: Source: New 
Buildings 
Institute/USGBC’s 
energy performance of 
LEED for new 
construction buildings 
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What About Those Other Objectives?What About Those Other Objectives?

Durability?

Resilience?

 IEQ?

 Comfort?

Water Savings?

 Carbon?
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What is the path 
to “Net Zero”?
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Sometimes change doesn’t wait on us…Sometimes change doesn’t wait on us…
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Our Leadership ResponsibilityOur 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
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March 13, 2011
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Recent Scary NumbersRecent Scary Numbers
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Recent Scary NumbersRecent Scary Numbers

 China’s energy consumption will DOUBLE 
between 2010 and 2020 
 Source: McKinsey 2009
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The End in MindThe 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 Building Industry Leadership
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The Future is in Our Hands

Thank you!
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Thank You!Thank You!

R. Christopher Mathis
President – Mathis Consulting Company

Asheville, NC, USA
chris@mathisconsulting.com


