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e Overview — US Energy flows and role of buildings

— ) Digression: define basic concepts

LEED CERT FICATION gsf, EUI, site energy, source energy
_intent, implementation, and results

* Energy efficiency potential for buildings
e LEED Certification — Intent and Implementation

John H. Scofield e Do LEED buildings save energy — what evidence?
Department of Physics & Astronomy e E B h King i . iti
O?erlin College ; | nergy benchmarking in major cities
www.thepragmaticsteward.com e 2011 NYC benchmarking data for office buildings
LEED shows no reduction in GHG emission or energy use
e Summariz
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Estimated Energy Usage in 2006 ~97.1 Quads 2 Usage in 2006 ~97.1 Quads

rimary Energy (97 Quad)

oal, natural gas, hydro,
% nuclear, petroleum, etc.

rimary energy is the concern
for energy security and GHG
mission

Aviation
U.S. Energy Flows - Lawrence Livermore National Lab EX) ¢
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Estimated Energy Usage in 2006 ~97.1 Quads

End Use Sectors

Buildings 19.5Q
Industry 235Q
Transportation 28 Q

71 Q
where is the missing 26 Q?
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Estimated Energy Usage in 2006 ~97.1 Quads

Electric Power Sector

Secondary energy — not harvested

26 quads of waste must be
“apportioned” to end use sectors

- Buildings “use” about 39 Q or
40% the nation’s primary energy

239
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Where does the energy go?
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Figure 19

Commercial energy end usage

In 2006 the commercial sector consumed 17.9 quads of primary energy. This chart shows the relative amounts going to various end uses.?

The category “Other” includes non-building commercial use such as street lighting, lighting in garages, etc.
Ventilation  Computers

Refrige rallm‘

Cooking
ulner

Water heating
Lighting® Space heating Ssme cooling® Elemonu:s

St ety Dt Bosk (007K EERE, US. Degortrert & Enty

4% 3%
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Climate Zones

I zone s less than 2,000 CDD and greater than 7,000 HDD.
- Zone 2ls less than 2,000 CDD and 5,500-7,000 HDD.
[] Zone3isless than 2,000 CDD and 4,000-5,499 HDD.
I Zone 41 less than 2,000 CDD andless than 4,000 HDD.
Il zone 5 is 2,000 COD or more and less than 4.000 HDD.
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Sidebar — gsf, EUI, source energy

uare footage (gsf)
total building floor area

For most houses, climate dominates
—energy use (surface effect)

For commercial buildings E dominated by
—~internal loads (E scales with volume)

(annual energy used)

Energy Use Intensity | EUl =

(total gsf)

energy flows:
electric, natural gas, district steam
district hot water, home heating oil
chilled water, etc.
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How much energy do commercial buildings use?

Energy used on site irrespective
f energy lost off site.

8.37Q=
electric + nat. gas + oil

238
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Estimated Energy Usage in 2006 ~97.1 Quads

Electric Energy
| Secondary energy

More valuable form of energy
(work not heat)

3 units of primary energy

— 1 unit electric energy

_)

(generated from primary energy)

October 20, 2014 www.thepragmaticsteward.com
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Estimated Energy Usage in 2006 ~97.1 Quads

uilding Source Energy

Q electric energy used on-site
by commercial sector required

5 Q of primary energy in electric
power sector.

Total on- and off-site energy
18.4 Q = 3(5.02Q) + .

October 20, 2014 www.thepragmaticsteward.com 12




~Source Energy

Source Energy = 3 (Electric Energy) + (non-Electric Energy)

« Building source energy correlates with primary energy use,
energy cost ($), and GHG emission

e EPA uses source energy for Building ENERGY STAR scores

» Commercial buildings use 8.4Q site energy, 18.4 source energy

To adjust for building size we look at energy
intensity. For all U.S. commercial buildings:

Site energy intensity = 91 kBtu/sf

Source energy intensity = 190 kBtu/sf
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Example: site vs source energy

—
[ ——
pagpr—
Bo—
o
Gas Water Heater Electric Water Heater
Site Energy : ~59% Efficient Site Energy : ~92% Efficient
Source Energy : ~54% Efficient Source Energy : ~27% Efficient
rce Comparison for Domestic Water Heating
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Energy Efficiency potential for buildings

R&D in energy efficiency goes back to 1973 Arab Oil Embargo

Numerous studies going back to the 70’s demonstrate building
energy can be reduced 30-50% using existing, cost-effective EE
technologies

Bottom fell out of oil market in mid-80’s

* From 1970 — 2000 little success in lowering US building energy use

* In 2008 the American Physical Society (APS)
published a study affirming the role of efficiency
in buildings (Scofield coauthor of report) et == puten
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US Green Building Council LEED rating

" e Leadership in Energy & Environmental Design

e Green building rating introduced in 1998 by USGBC
* Goal is to promote sustainable building practices
* The Natural Resources Defense Council writes:

The LEED green-building rating system ... is designed to
promote design and construction practices that increase
profitability while reducing the negative environmental impacts
of buildings and improving occupant health and well-being.

Intent of LEED — to save energy, reduce GHG

emission, and lower environmental impact
LEED brought “sex-appeal” to energy efficiency

October 20, 2014 www.thepragmaticsteward.com 16




LEED Certification Process
"« constantly being updated — now on version 4

* many different systems:
new construction (NC), core & shell (CS), schools (schools),
existing buildings, operation and maintenance (EB:OM), etc.

* level of certification depends on points earned
certified (40), silver (50), gold (60), platinum (70) of 110

 Point categories:
location/transportation, sustainable sites, water eff., energy
& atmosphere, material & resources, indoor env. quality,
innovation, regional priority

October 20, 2014 www.thepragmaticsteward.com 17

14 LEED for New Construction and Ma'or Renovations (vd)
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Energy Efficiency in LEED

largest category — 33 pts possible
* no performance requirement (except EB:OM)
¢ For NC points determined by energy “projections”

B simulated design energy
simulated baseline model energy
more points awarded for lower EER

¢ For EB:OM points determined by ENERGY STAR score
higher the score the more points awarded for EE

¢ For v.3 (v2009) added requirement to monitor annual energy use
and report to USGBC for five years

Energy and GHG savings only part of LEED — but it is

the part — w/o it no one would care
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LEED proponents claim significant
savings in energy and lowering of
green house gas emission
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from LEED BASICS, City of Blue Springs, MO

sty wript
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Energy Services Resourees

Green Schools

CED Vaz Certified
ools
a il bt of

ohio.gov/Services/EnergyServices/GreenSchools.aspx
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MII]WESTENERGYNEWS ——

i Do Scobts el binif y-efficiency push Ohio leads the nation in
energy-efficient LEED schools,
saving millions of dollars.

“Those green schools average
about a third less energy use in
wattage than traditional
schools,” notes Rob Delane,
deputy executive director at
the Ohio School Boards
Association. Depending on a
school's size, savings “could be
upwards of $100,000 per year.”

http://www.midwestenergynews.com/2013/04/26/in-ohio-: -reap-benefits-of-energy-efficiency-push/
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'Energy savings claims are based on
design simulations — not on
measured energy performance
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Documented gap between energy
~simulations and measured performance

"/Johnson, J. 2002, “Is What They Want What They Get? Examining Field Evidence for Links
between Design Intent and As-Built Energy Performance of Commercial Buildings.” In Proceedings
of the 2002 ACEEE Summer Study on Energy Efficiency in Buildings, 4:161-170. Washington, D.C.
American Council for an Energy-Efficient Economy.

J. L. Barrientos Sacari, U. Bhattacharjee, T. Martinez and J. J. Duffy, “Green Buildings in
Massachusetts: Comparison Between Actual and Predicted Energy Performance,” Proceedings of
the American Solar Energy Society, Cleveland, OH, July 9-13, 2007.

Cathy Turner Mark Frankel, “Energy Performance of LEED for New Construction
Buildings—Final Report,” New Buildings Institute, White Salmon, WA, 2008.

e Sacari et al. found measured EUI, on
average, to be 40% higher than
predicted EUI for green buildings.

» NBI found limited correlation between
predicted EUl and measured EUI for
LEED buildings.

Measured EUI
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How many LEED certified commercial
buildings are there in the U.S. for
which we would expect energy
savings data to exist?
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# of LEED-Certified Buildings (9/29/14)

- 0.S. LEED-Certified Buildings Before 9/29/2014 Before 1/1/2013

LEED System [ Total GSF_[Number| [ Total GsF | Number Only u.S. bUI|dIﬂgS

LEED for Retail (NC) 4,400 1 4,400 1
LEED for Schools 48198581 548 | 30,462,222 366 LEED systems that
I OR SCHOOLS v2009 19,572,898 241 4,121,258 63 address Whole-bu|ld|ng
LEED v4 BD+C: NC 114,208 1 0 0 t Cl
LEED v4 0+M: EB 783,005 3 0 0 energy (no )
LEED-CS 1.0 Pilot 26770285 103 | 26,770,285 103
LEED-CS 2.0 174678615 806 | 154,798,722 713 as of Sept. 29 more
T Cs v2009 57,160,124 311 10,018,044 82 thal 15,000
LEED-EB 1.0 Pilot 1,668,000 3 1,668,000 3
LEED-EB 1.0 Pilot (original) 8,899,042 22 8,899,042 22 as of 1/1/2013 nearly
LEED-EB 2.0 125270,013 372 | 119,159,028 306
LEED-EB 0&M 360,609,567 779 | 347,813,913 747 11,000
T £8:0M v2009 624,184,507 1,721 | 314,102,075 871 over 1900 report
LEED-NC 1.0 Pilot 1,589,895 10 1,589,895 10
LEED-NC 2.0 33,068,635 282 33,033,689 281 energy to USGBC
LEED-NC2.1 172,476,156 1,493 | 169,107,537 1459
LEED-NC2.2 599,445,758 6,113 | 478,261,825 4,914
BNC Retail v2009 5615722 238 1,399,453 70

2NC v2009 193,841,971 2,611 49,958,986 845

Totals 2,453,951,472 1,751,168,375
» 151
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'What energy consumption data have
been disclosed for these 11,000 U.S.
LEED-certified buildings?

October 20, 2014 www.thepragmaticsteward.com 31

Published LEED energy performance data

1. Cathy Turner, Report prepared by NBI for the Cascadia Region Green Building Council. Jan. 30, 2006.
2. Rick Diamond et al., 2006 ACEE Summer Study on Energy Efficiency in Buildings, Aug. 13, 2006.

3. J. L. Barrientos Sacari et al, Americ: . -

4 Cathy Turer and Mark Frankel, Neq © © of these publications were produced
5. Kim M. Fowler and Emily M. Rauch, by gOV. or non—gov. Orgs Wlth VeSted
6. David Baylon and Poppy Storm, 201 interest in promoting green buildings
7. John H Scofield, /nternational Energ w/o blind peer review

8. Guy Newsham et al, Energy & Builc . . .

9. John H. Scofield, Energy & Building 9 pUbIlCaUOnS were peer-reVleWed

10.  Doug Widener et al, U.S. Green Buij o Many StUdiES use same data

11.  Kim Fowler et al, PNNL-19369, Sept:

12, Kathryn Eggers and Doug Widener, Collectively data from 252 buildings
13.  Dixon Oates, Kenneth T. Sullivan, J. (Or feWer)

14. Carol Menassa et al, Journal of Performance of Constructed Facilities, 25 (1), pp. 46-53 (2012).

15 John H. Scofield, Energy & Buildings, 67, pp. 517-524 (2013)
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Energy Performance of LEED for New NBI LEED Study

Construction
Turner & Frenkel, New Buildings Institute

Long assumed that LEED buildings are energy-efficient
Until 2007 little empirical data to support this

fsuf ol = =, * USGBC engaged the New Buildings Institute to conduct a broad
‘:E n sk sty study of energy consumption by LEED commercial buildings

® Centfied - -
1001 * NBI gathered energy consumption data volunteered by 121 of
501 . 16 the 552 commercial buildings certified from 2000-6 under NCv2

A LA ;
2000 2001 2002 2003 2004 2005 2006

"
.

March 2008 NBI issued final report which concludes

{2 RiS e SScain s LEED buildings, on average, achieve 25-30% energy savings
= e Study immediately drew criticism (e.g., Henry Gifford) for
“...on average, LEED buildings are delivering Comparing medians with means

anticipated savings. Each of three views of building
performance show average LEED energy use 25-
30% better than the national average, a level similar
to that anticipated by LEED modeling.”

Cathy Turner (NBI) made summary LEED data available for
independent analysis
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American Physical Society Scofield analysis of LEED building energy data
Energy Eff/C/é’/?CJ/ 5['1,/0’)/ ) Re-evaluation of the NBI LEED Energy
Y 1 Consumption Study af
2007-8 study chaired by Burt Richter Proceedings of the /nternational Energy Program
(Stanford) — Nobel laureate Evaluag o o N

12-15,

Re: the NBI LEED building study NBI Study contained mathematical errors and
inconsistencies

“Whatever their efficiency, these 121 LEED
buildings consume more total energy per
square foot (either site or primary) than
the average for the entire commercial
building stock.”

ENERGY == FUTURE

LEED buildings used 10-15% less site energy

than comparable non-LEED buildings

LEED buildings demonstrated no savings in
source energy

Energy and Buildings, 41, 1386-1390 (2009).

http://www.aps.org/energyefficiencyreport/
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Published LEED energy performance data

Cathy Turner, Report prepared by NBI for the Cascadia Region Green Building Council. Jan. 30, 2006.
Rick Diamond et al., 2006 ACEE Summer Study on Energy Efficiency in Buildings, Aug. 13, 2006.

J. L. Barrientos Sacari et al, American Solar Energy Society Conference, Cleveland, OH, 2007.

Cathy Turner and Mark Frankel, New Buildings Institute, White Salmon, WA, March 2008.

Kim M. Fowler and Emily M. Rauch, PNNL-17393, July 2008.

D. Baylon and P. Storm, 2008 ACEEE Summer Study on Energy Efficiency in Buildings, Aug. 2008.
John H Scofield, /nternational Energy Program Evaluation Conference, Portland, OR, Aug. 12-15, 2009.
Guy Newsham et al, Energy & Buildings, 41 (8), pp. 897-905 (2009).

John H. Scofield, Energy & Buildings, 41 (12), pp. 1386-1390 (2009).

10.  Doug Widener et al, U.S. Green Building Council— Chicago Chapter, Fall 2009.

11.  Kim Fowler et al, PNNL-19369, September 2011.

12.  Kathryn Eggers and Doug Widener, U.S. Green Building Council— Chicago Chapter, Fall 2009.

© PN O R KN

13.  Dixon Oates, Kenneth T. Sullivan, J. of Construction Eng. and Mgmt, 138 (6) , pp. 742-750 (2012).

14.  Carol Menassa et al, Journal of Performance of Constructed Facilities, 25 (1), pp. 46-53 (2012).

15.  John H. Scofield, Energy & Buildings, 67, pp. 517-524 (2013)
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e Subsequent peer-reviewed studies confirm my
results

e All these studies rely on data volunteered by willing
building owners — self-selected data that skews
results (Gifford — voluntary breathalyzer tests)

e These 252 buildings represent just 2% of the
11,000 eligible LEED-certified buildings

October 20, 2014 www.thepragmaticsteward.com 38

What about the energy data
collected since 2009 by the USGBC?

Should have data from nearly 2000 buildings,
nearly 10X the number of buildings collectively
contained in other studies.

October 20, 2014 www.thepragmaticsteward.com 39

USGBC puts out marketing literature with energy savings
claims, dated October 21, 2013

¢ USGBC received energy data from
1,861 MRP6-compliant buildings

« 450 of these (24%) “showed they
experienced” a source EUI that was
31% lower than national median

¢ The mean ENERGY STAR score for
404 buildings was 85

From lardfill, based
n data for 318 LEED

¢ These are meaningless sound bites!

I
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10



U.S. Benchmarking and Disclosure Policies, 2007 - present

WASHINGTON STATE [200%]

“seatrie powg)

Energy Benchmarking Laws in major =2

US cities are “lifting the veil.” umecsrcus i -

{2073

.llll FRANCISCO [2011) CHICAGO

m1 g&;«nmm‘m
Soon building energy data will made public for ’
hundreds — even thousands of LEED-certified -

N e e
buildings.

1

@ Adopted city policy

® Policy interest or consideration
[0 Adopted state policy

[ Previous or current smte legiziative propozsi

ORLANDO
[policy interest]
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Dovd L Law c
of 953 NYC office bui|dings Unitke IMode! Buliding Code. such as the International Bullding Code, anly members In Piftsourgh, b the fint tiof
% i fihe LEGEE fic “N-house” $6& may add, $ 1 2 e cenier in the watld ko have such
. On average LEED OffICES ShOWed no reduCtIOn of the USGBC and specilic -house” commillees miy .nu.u sublract or ¢of the psgennbadpd o
R T Recentchanges standard, based on an internal review process. Model Buliding Codes are voted on by
in energy use or GHG emission Contact page miembers and “n-hause” commitees. bul aliaw for ccmments and testimany fram the
* LEED offices generally earned hlgher ENERGY Tools general pubilic during each and every code development cycle at Public Review
Whatlink: L 2 year M
STAR scores (by 10 pts) \ at r_a nhere haarings, gensrally held muttiple times a year
AN Changes :
Upioad e From 1994 10 2006, LEED grew from one standard fof néw construction 1o a
3 syslem of ink ted standards covering all aspects of the
Parmanent link development and construction process. LEED alsa has grown fom sid volunteers on
Page infarmatan one commities to more than 200 voluntsers on nearly 20 commitiess and nearty 150
aka lam protessional statt ¥ LEED standards have been apphed to more han 7,000 projects
. Gl this page n the United States and 30 couniries, covering more than 1.5 bilion square feet
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Lt
On average, LEED-tertified bulldings use the 5ame source energy and produce equal Jreennouss gas emissions as nan
LEED-cirtifid Builtings 21 They wse Detween 11 ang 360, ke ¢ eriergy Ihan non-LEED buildings on average, athaugh ra_p p
28.35% use more energy. 1% No comelation was found between the number of LEED points achieved and measured
energy savings [T 7 . T I
* LEED buildings have captured public’s imagination
Diamond e al in 2006 compared modeled and actual bulkding energy performance of 21 LEED-cenified buidings (all . . . . .
cerliied uncer LEEDNG version 2.0 or 2.1) P4 They found no coretation between Ihe numBer of LEED energy-eMckency - increased interest in sustainable practlces
points achieved and actual energy savings demonstrated by post-occupancy data *¥ The authors noted several limitations of -is Ieading to better bu||d|ngs

the sludy, ncluding e mal samphe site, uncerlamlies n aclual oor arei. and discrepancies between metered data B

In 2004 Newsham et al analyzed a database of 100 LEED-certified buskdings. ™ In this study, each bulkding was paked with But there is little evidence that, on average, LEED-certification is

a comventional “win” buikding whin the Commescial Buikling Energy Consumption Survey (CBECS) database accarding b actually saving primary energy or lowering greenhouse gas emission
ukting typé and cccupancy P On average, LEED bubdings consumid 18 1o 39% less energy than thir conventicnal win®
Buiding, although 20 to 35% of LEED-certied buldings used more energy than their twin, 5 The paper found no
COrTElaton bEtweEn the NUMBEr of Energy points achicved or LEED cencation level and measured bulkding performane. P71
The authors noted that the studies wers limited by the fact that most LEED bultings are newly constructed and may sl be
SHPETINCING UNGXPECIEA PODICMS Wilh SYSIEMS OPEratians, 25 well 45 alfer CRAFACIENSHCS At commMOnly vary across
Individual bulkdings of the same type (plug loads, pancy hours, diferences, ete )

Claims of 30-50% energy savings are based on faith not science

LEED certification adds real costs to building design & construction

There is insufficient justification for governments to require that
buildings be LEED certified

In 2009 Scofiekd PUblENEd an articks in response 1o Newsham ef 2l analzing Ihe Same dalabase of LEED buiklings and
armiing at different conclusions. ™1 In his analysss, Scofekd consicered source energy (accounting for energy losses during
gEneralion and IFANSMISEON) A% well 45 Sie eNergy. ANd U ArEd-weighled energy Use intenstes, of ELIS (energy per unit
area per year), when companng LEED and non-LEED buikdings 10 account for the fact that larger bulkdings tend to have
targer Euts P Scofieid concluged that, colectively, the LEED-cenifed buldngs showed N0 SgRcant source energy
CONsUMpEN savings or greennouse gas emission reductions when compared to non-LEED bulkdings, akthough they did
cansume 10-17% kess site energy P Scafiesd in 2013 analyzed 21 LES0-cenfied bukdngs n New York City B9 He founa
that bulktings that had achieved LEED Sold used, an average. 20% less source enengy than did conventional buikdings. « | look forward to the day when performance data show energy savings
Buiklings with LEED Silver or LEED Certified ratings aclually used 11 1o 15% mere source energy. on average, than did their
conventional counterparts.

LEED does deliver green publicity and green image

Time to abandon green labels and seek green substance
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