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Vijay Modi is a Professor and past-Chair of Mechanical Engineering in the School of Engineering and
Applied Science and a faculty member at the Earth Institute, Columbia University. Between October
2011 and 2012, he was a member of the U.N. Secretary General's high-level task force on “Sustainable
Energy for All” and he currently leads the U.N. Sustainable Development Solutions Network working
group on Energy Access for All.

He received his Ph.D. from Cornell University in 1984 and worked as a post-doc at MIT from 1984 to
1986 before joining the faculty at Columbia University. Prof. Medi’s areas of expertise are energy
resources and energy conversion technologies. His laboratory, the Sustainable Engineering Lab (SEL), has
been responsible for technologies such as “SharedSolar” and widely used tools such as “Network
Planner” and a free open-source app calied FormHub, used over a million times.

While his early work was on computational fluid dynamics and micro-electro-mechanical systems, his
recent work has been on energy infrastructure design & planning; solar energy; energy efficiency in
agriculture, and data analytics spanning from urban settings to remote rural settings.

He is currently working closely with city and national agencies/utilities to understand how energy
services can be more accessible, more efficient and cleaner. His recent project on minigrids is providing
a unique understanding of consumer behavior, demand for energy, and business models for deploying
energy solutions and energy efficiency.
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Bio for John (Jack) P. DiEnna Jr.

Mr. DiEnna, the Executive Director & Founder of the Geothermal National &
International Initiative (GEO-NII) is a business development and marketing
professional with over forty years combined experience in the electric utility industry
~and the renewable energy industry. He is a nationally recognized authority on all
aspects of renewable technology and specifically geothermal heat pumps (GHP),
including marketing, creative financing, and the resulting positive economic and
environmental impact that can be derived from the use of geothermal heat pump
systems and other renewable technologies.. His expertise is internationally
acknowledged as a valued resource by not only the renewable & geothermal heat pump
industry but also by government officials, both national and international, trade allies,
and all major market segment associations in the promotion of geothermal heat pump
technology.

Mr. DiEnna has been the Marketing Chairman for the International Ground Source
 Heat Pump Association (IGSHPA) for over 25 years and was the driving force in the
creation and development of the Certified GeoExchange Designer (CGD) certification,
a training program for design professionals in GHP Technology. In 2013, he was asked
to become a member of the American/Canadian Bi National GHP Standards Committee
and he is also a founding member of the New York Geo Association.

Mr. DiEnna, is the originator of the “Road to 30%”, a program designed to increase
the GHP industry to a 30% share of the HVAC market. Mr. DiEnna is involved in
approximately 30% of all commercial geothermal heat pump projects in the North
America and consults to numerous companies and trade associations. His vision is to
eliminate the “first cost” barrier, of GHP technology, through participation by Utilities
and other third party owners of the ground loop heat exchanger.



BIO FOR:

John Rhyner, PG, LEED AP
P.W. Grosser Consulting
630 Johnson Avenue, Suite 7
Bohemia, NY
Phone: (631) 589-6353
Cell: (516) 250-9765
johnr@pwgrosser.com
WWWwW.pwdgrosser.com

John Rhyner is a licensed Professional Geologist, LEED-certified professional, and
Director of the Sustainable Energy Group with P.W. Grosser Consuiting (PWGC) in
Bohemia, Long Island, New York. John has nearly 30 years of diverse consulting
experience, with the past 15 years working on geothermal projects in New York
City, Long Island, and throughout New England. John co-authored the recent
update to the city's Geothermal Heat Pump Manual for the New York City
Department of Design and Construction, and has collaborated with NYC City Council
and several other city agencies on the feasibility of geothermal heat pump
technology in the five boroughs.

John has assessed the use of geothermal at over 250 commercial, institutional,
residential, and educational facility project sites and manages geothermal projects
through initial feasibility analysis, field testing, design, permitting, construction
support and start-up. John has consulted on geothermal projects in the city of all
types—standing column wells, open loop, and vertical closed loop systems-—
projects include St. Patrick’s Cathedral, Brooklyn Navy Yard’s historic Building 92
Renovation, the Brooklyn Botanic Gardens Visitor’'s Center, the Weeksville Heritage
Center in Brooklyn, Columbia’s historic Knox Hall renovation, and the Staten Island
Museum at Snug Harbor Cultural Center.

Most recently, John managed a site investigation and preliminary design for an
innovative vertical closed loop borefield to serve the first building of Cornell
University’s planned new Technology Campus being constructed on Roosevelt
Island.

John is a founding board member of the Long Island Geothermal Energy
Organization and serves as Chairman of the Standards and Codes Committee. John
received his BA in Geology from Dartmouth College and has completed course work
for his MS in Hydrogeology from SUNY-Stony Brook, New York.



10A FRI 2,.27.15 hearing testimony Denise Katzman * EnviroHancement
Site-Sourced and Stored Renewable Energy Conference

I thank the Committee for holding this vitally urgent hearing.

Every problem is a Solution in disguise. The Environment & Economy are mutually inclusive,
representing the cross roads of life. Clean energy Solutions are the right trajectory. Rewind July 2010
NTL GEQ The 21st CENTURY GRID * NYC is tied to fossil fuels, with less than 1% of its electricity
coming from wind or solar. Fast-forward late 8.2014: Richard Kauffman NYS' energy & finance guru
told FORTUNE mag that NYS remains more of a 20th century energy dinosaur. 2.23.15 Kauffman joined
a CT panel: Relationship between utilities, government needs to change, experts say It’s always a
relationship thing. Utilities are still wrapped up in a barbaric energy blanket. Utilities can and must
promote evolutionary innovation to protect human, enviro & economic health. NYC, not solely the PSC,
has the authority to enforce utilities to be good actors.

This hearing will Fiip the Switch from unsustainable energy to resilient clean energy. Transforming NYC
into a vibrant energy democracy via local jobs and value capture that supports a clean energy economy.

The Fossil fuel & Nuclear industries refuse to perform Cradle to Grave analytics. Instead they prefer
EcoCide. These industries produce GHGs that absorb infrared radiation, triggering rising temps aka
Greenhouse Effect 2.25.15 Greenhouse Effect Is Witnessed...and Getting Worse, while denying
that Stranded Assets are devaluing their chokehold. These industries also violate mortgages, insurance &
equity loans. NYS’ Penal Law, section on Radiation, is also violated. industry: Depleting Risk of Loss
insurance is totally obvious in these industries Annual Reports and 10Ks. Cyber Security is MIA. US
gov't_issues cvbersecurity guidance to help energy sector protect critical infrastructure -
FierceHomelandSecurity 1.8.15 the FED issued these new guidelines coupled with voluntary platforms
that defeat necessary action. All combustible fuel infrastructure, along with NUC, are Cyber terrorism
targets.

Insurance & Bonds: 2015 World Economic Forum Global Risks report, over 900 experts declaring
Climate Crisis as the 2™ largest threat to global stability The Global Risks report 2015 | World
Economic Forum - The Global Risks report 2015 2.23.15 [nsurers show strong interest in green
bonds : insurance Asset Risk Ceres event: World Bank, Swiss Re Americas CEQ J. Eric Smith
“The costs of another Sandy will grow form $19 billion to $90 billion”, Lisa Carnoy head of
Global Capital markets Bank of America Merrill Lynch exhorted her colleagues to “fund clean
energy until every blue chip company in the S&P and every investment manager has a green
energy bond”. Zurich Insurance, Germany CIO Michael Leinwand, “Practically, this means
investing for the next generation. What better way could we find than working with the World
Bank on a customised solution to both outperform our liabilities and tackle climate change?”
Donovan Richards is a true Enviro leader, therefore; EP must take the lead to institute LEG pertaining to
CAT Bonds aka Catastrophe Bonds 1.20.15 Scope for refinsurance, cat bonds & ILS to tackle
key business risks | Artemis.bm The bonds will protect us from Climate Crisis via NYC financing
with Mike Bloomberg 1.21.15

Bloomberg gives $48M to help states meet Obama's climate rule | TheHill

and the Green Bank’s GAP financing,

NYC Panel on Climate Change, as NY Magazine 2.18.15 New Climate-Change Report Reminds Us,
NYC Will Eventually Become a Sweltering Swampland. Leaving the City for good is still probably your
best bet: 2 of the many salient points: 6 heat waves per year compared with the current 2 annual heat
waves by the 2080s (defined as 3 or more consecutive days over 90 degrees) and by the 2080s the 100-
year flood — meaning, a flood that has a 1% chance of occurring — will become a 1 in every 8 year



occurrence. 1.6.15 The Atlas of Drowned Cities is based on 100” Sea Level Rise: The NY Seas. Based
on the melting of the world's lce Sheet via Jeffery Linn and his GIS (Geographic [nfo

Science) Spatialities | Cities, streets. plans, maps

The good stuff. In the 37 years that we lost, since Dr. Alan Hoffiman comimenced the Clean Energy
revolution via the Carter administration The Growth Of US Renewables During 2014 As A
Vindication - The ECOReport Dr. Hoffman is still enthusiastic “When you look at the numbers, both
from the Energy Information Administration (EIA) of the Department of Energy and the Federal Energy
Regularity Commission (FERC) you can see that the transition is beginning to take place. The new
capacity that is coming online is largely renewables.” The President's DOE FY 2016 Energy Efficiency
and Renewable Energy budget includes a 44 percent increase in funding for the Solar Energy program to
nearly $336 million, an over 9 percent increase for the Bioenergy Technologies program ($246 million), a
36 percent increase in funding for the Wind Energy program ($145 million), a 6 percent increase in
funding for the Hydrogen and Fuel Cell Technologies program ($103 million), a 75 percent increase in

funding for the Geothermal Technologies program ($96 million), and a nearly 10 percent increase 1N
funding for the Water Power program ($67 million).

1.12.15 City of Palo Alto Utilities Offers New Green-e Climate Certified Naturai Gas Offset
Program to Residential and Commercial Customers | 3BL Media

The City of Palo Alto Utilities (CPAU) has launched PaloAltoGreen Gas, a gas offset program that
pairs Green-e Climate certified carbon offsets with customers’ natural gas use. PaloAltoGreen
Gas is the first Green-e Climate certified gas offset program offered by a municipal-level utility,
and the first-ever certified gas offset program offered to residential customers.

2014 Solar jobs were upward 22% — onward Baby. 2.10.15 Apple commits $848M to California solar -
FierceEneray. 2.18.15 Citi unveils $100B program tg fight climate change | TheHill Apple and
Citibank are in NYC. EP can hook up with both. 2.25.15 Every 150 seconds a brand new solar
project is happen’ in the U.S.By the Time You Read This, They've Slapped a Solar Panel on
Your Roof - Bloamberg Business We must use best practices regarding NY — Sun Initiative Get
Solar Overview - The NY -Sun Initiative This can be accomplished via CCA {Community Choice
Aggregation). NJ utilizes CCA — | don’t think NYC wants to be in NJ's shadow.

MicroGrids are a CCA component. Siemens is all over MGrids from financing to
construction.11.2014 hitp://servicecenter.fiercemarkets.com/files /leadgen /siemens no?Z custom
final.pdf Microgrids have the potential to play a significant and positive role in promoting a cleaner,
more resilient energy infrastructare. HOMER Energy ain’t as well known but it knows it’s stuff
http://homerenergy.com/index.html

Kinetic Energy aka People Power uplifis conventional power to a brand new sustainable plateau that is
constantly evolving nPower? nPower PEG (Personal Energy Generator) for mobile devices :
nPower PEG You can power all sorts of gadgets by walking & running. Stationary bikes can power
a concert & a conventional bike can be Macgyver-ed to power your blender. The Macgyver series is being
recast as a woman, to inspire young women towards the really cool domains science and engineering.

We are cognizant that we are the stewards of a healthy resilient planet, now and for future generations.
Have a great weekend!



DANIEL KARPEN
PROFESSIONAL ENG]NEER & CONSULTANT PC.
3 HARBOR HILL DRIVE
-HUNTINGTON, NEW YORI_C 11743

' (631) 427-0723
www.danielkarpen.com

- August28,2013 -

Jane.Blair, P. E.

Executive Secretary
Engineering Board

NYS Department of Education
Education Building

2" floor mezzanine, east wing
839 Washington Avenue
Ajpany, N. Y. 12234

This letter is too important to be put in ar 2-mail.

There are a number of firms who are advertising and m.;!ung prom:t
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and energy efficiency reports to be :\reoared under MYC Local Law 87. A copy‘ ot the law, the
regulations, and the energy efficiency report format to be subml‘ci ed to the NYC Buitiing

Depertment are encu,sec! with thiS fettar.

The law requires that these reports be prapared by a registered professional, sither un
architect or an engineer. in reality, very few architects have the tran mSto prepare thags

rensris, :

Approximately 2,000 to z,LGO of these reports are due to the NYC Dep’t of 3uiidings by
December 31, 2013, and 2 like number every year thereafter.

The energy efficiency form reqmrns that the name of the eng.neﬂ‘ a;\d firm be piar.ha
on the form pr:or to submitta! ‘

Ouestion:

1. lIsthe preparatlon of an energy audit and/or energy efficiency report signed by a
reglstered professtonai considered ”onglneermf’ services”? :
2. Ifso, can a firm not regls’cered as an engmeermg firm by your dmartmc*m offer
' these services? : o



If the answer to question 2 is “NQ”, then there are a number of companies p urporting to
be offering these services in violation of the law.

If so, I am prepared to provide to you a list of those firms known to me that purport to
offer these services so that your office can be begin an immediate investigation and

issue “seize and desist” letters to these companies.
S p

You may call me at the above number.

Yours truly,

Daniel Karpén
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ENGINBD - Energy Audits

o PRI TR P i

From:,  ENGINBD o ‘ _ : : T
To: ..  dkarpen@danielkarpen.com : ' '
Date: 10/10/2013.10:26 AM

~ Subject: Energy Audits

Dear Mr. Karpen:

Thank you for*contacti“ng- the New York State Board for Engineering and Land Surveying.

In response to your inquiry regarding Energy Audits - services that fall within the scope of practice as defined in
Education Law section 7201 would of course be considered the practice of engineering. In NYS all firms
providing such professional services must be appropriately authorized.

If an individual or firm is engaged in practice without a license or is holding themselves out as being licensed or
authorized, they may be subject to disciplinary action. When any action of misconduct is are reported to the
Department, our Office of Professional Discipline will perform an investigation and take the appropriate action.
For an investigation to initiated a complaint needs to be filed.with.our Office of Professional Discipline.

Information on how to file a complaint may be accessed from bur website at htth://Www.op.nvsed.qov/opd/ ) .. B

We hope this information is helpful.

Sincerely,‘ :
Jane W. Blair, PE
Executive Secretary

NYS Board for. Engineering & Land Surveying
89 Washington Ave. '
2nd Floor Mezzanine, East Wing
Albany, NY 12234-1000
enginbd@mail.nysed.qov
http://www.op.nysed.qov/pe.htm

~ {518} 474-3817 ext 140
(518) 473-6282 (fax)

file://C:\Documents and Settings\IBLAIR\Local Settings\Tcmp\XPgrpwise\S._’ZS680E4EB... - 10/18/2013



LOCAL LAWS
OF =

THE CITY OF NEW YORK
;7 FORTHE YEAR 2009 ¢

. No.g7

d by Councrl Member Gennaro the Speaker (Councrl Member Qumn) Brewer
-"‘chkens Garodmck Gioia, James; Koppell, Lappm Mitchell, Pahma,
ﬂ{“JI' Reynai Vera Stewart Liu, Yassky, Sears, White Jr., Mendez, de
10, Mark—Vwerrto Van.n Avella Vacca, Gerson Jackson Gonzalez Ferreras,
Jr.; Barron Anoyo Crowley and Mealy o

A L()CAL LAW
'nd ; he New York clty' charter and the admlmstratlve code of the clty of ‘Jew

n relatlen to reqmrmg energy audits and retro- -commissioning of base
. systems of cel ain’ bulldlngs and retro—ﬁtﬁna of certain city- owner!

g Sectlon 1 Chapter 30f t1t1e 28 of the adnumstratlve code of the city of New York.; '

s amended- by addmg a new artlcle 308 to read as follows

i L ARTICLE308 o
E""ERGYA UDITS AND RETRO-COMMISSIONING OF BASE BUILDING
) SI’STEMS I

'.§23-:-308 I Deﬁmtmrts As esed in thzs ar tzcle rhe followzng terms ‘shail have the

' followzng meanmgs o |

BASE BUILDING SYS TEMS T he systems or subsystems of a bmldmg that use ene)fgy

. ana’/or meacr energy eonsumprzon meludmg

| J T he buzldmg envelope

o 2 T he H VAC (heatmg ventzlatmg and air eondztzonmg) systems. ' _ _

- - 3 Conveymg Sysrems AR - ) I

}ﬂ s /7;4/a/7/<9fe %%f Zoc—oﬂiw s Z}
/ngéd«:e, éhO{g/ 5C 2l @@@ny 5@974797

ﬂeeom?&; % e /ﬂc«//j/yf (o et /y Iz ‘“7[’5/‘?



- energy audits and

ﬁ;c;é me/ Irm i

deterrm'ned by the department ofcultural aﬂ'uir.s'. |
_COVERED BUILDING As it oppeurs in the recordsl of the department of finance: (i) a
buildfng tkat exc_eeds 50,000 gross Square _feet (4645 m?): (u) two or more buildings ou
the same tax ot that together ¢ exceed ] 00 000 gross square Seet (9290 m ) or (iii) two or
more buzldmgs held in the corzdomzmum form of owrzerskzp that are governed by the
same: board of managers and rkat togetker exceed ] 00 000 gf 088 square feet (9290 m )
Exceptron The term “covered buzla’mg shall not mclude feal property class:f ed as
class one pursuant fo Subdzvzsxon one of Secrzon ]802 of the real property tax law of
rhe state of New York |

C URRENT FACILI TY REQUIREMENT S 7 he owner’s current operatzonal needs and

requu ements for a building, mcludmg temperature and humidity set points, operarmg

ﬁkours;.’iﬁltratzon, .and any integrated requirements such as controls, warranty review, and

serwce contract review. |
ENERGY AUDIT QR AUDIT, 4 Sys:emotio process of z'dentzﬁziug lond ‘deueloping
modifications and z'mprovemenrs of the balse building systems, including but not limited to
alterations of such systems and the installation of new equipment, insulation or other
generally recognized energy efficiency tecfmologies to optimize encrgy performance of
the building and achieve energy savings, prouia’ed that such process shall not be lée.s.s
stringent fkan the Level Il Energy Survey and Engineering Analysis of the 2004 edition of
Procedures Jjor Commercial Building EnergyAudits published by the American Society of
Heating, Refrigerating and Afr—couditioning Engineers Inc. (ASHRAE),

ENERGY AUDITOR. An approved agency authorized by the de ortm

audit reports requtrea’ by thzs artzcle Untu’ such time as there

DESIEN /’/I’OFES’S‘/&)W/%L: ¢ A lae Vol State. )
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the depa'rtment of ﬁnqnce s annﬁal New York city tax lien sale list; or
4. Ha.§ an active or eﬁ’ectfve commz’tmé_nt letter from-c govern}?iental _age.n:;:y' t}.:af'
| p'};offdé& for the ﬁnancing of i‘hé.r _ _ilz'tation, Wz'z.;hin a period of 5 yéars ;v;' ‘l’ess, 0 W
of such buzldmg Such govemment agency for the puzposes of aﬁora’able
i g for low or modemte mcome far:;zzlzes |
| OWNER The owner of record of a covered buzldmg, except rhat in the case of a lnet
‘leas.e of an entire buzldmg for a term of 49 years or more inclusive of renewal opz‘zonsx
the térm owrzér shall refer to the net lessee ana’ in the case of Q covered buzldmg held in
cobperatzvé or condomzmum form of ownershgp,”the term owner shall rej%r to l‘he boa%d
of managers in the case of a condominium and the board of directors m’ the case of a
; coéperative aparfnflzent_corpomrion. |
.-:I.RETR;O-:COMMISSIONING. A éysremc;tic process Sfor optimizing the energy eﬁiciency
of exzstmg base building systems through rhe identification and corr ction of deﬁczenczes
P re sy &Z‘
sin such systems, including but not limited to repairs of defe_cts)'\ cleamng, adjt Sﬁnents of
valves, sensors, controls or programmed seitings, and/or changes in oper&tioﬁaf
practices.
RETRO-C OMMISSIONING AGENT. An ind?'vz'dual, who shall not be a cértz'ﬁed
refrigerating system oéeraring engineer or a licensed high pressure boz’ler O;‘Je—mting

engineer on the staff of the building being retro- commzsszoned amf—lwz;zed——bjr-rh'e*

deparrment to certify retro- comm:sszomng reports reqmred by this article. é@%%—.rm:k‘

Ami‘as there is a nafional sid ST ; [O7S JOr persons WHG perjorT

Wmmmmmmmm %@tr&
 NerY ol e

commzsszonmg agent shall be a registered deszgn profesazonal a certified reﬁ‘zgeratmg
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g aild JER fos

system operating engineer, or a licensed high pressure boiler operating engineer, with
such other gqualification or certification as determined by the department. After—rhe—
rhe-..zza&omf_ﬂandafd—"m?ﬁ Such modifications as the ‘epqrtmen

SIMPLE B UILDING A ¢overéd building wi'th neither a be_ntraf ‘c;hilled water system nor

est blfshmént of such a natic

el "/&f
n ﬁw/

a ceﬁfral .codlfng'sj;gs;i‘ém that covers more than 10% of the building ’s gross area.
‘ SIMPLE PA YBAVCK. f%e‘nﬁmb.er bf years for the projected -annu‘al energy savings to
eéual the amount invested in the energy conservation measure, as determined by dividing

. e £ov
the investment by the annual energy savings.

J;,{dc.
e

- SPACE. An area witﬁiﬁ a building enclosed by floor to c_ez'lz'hg walls, partitions, windows

and door;é;- jh,é/z 6@@7 /(w%//y fm %.{

SYSTEM OR SUBSYSTEM. Shall have the same definition as set forth in section 202 of .

e

the New York city energy conservation code.

§28-308.2 Energy audits required. The owner shall ensure that an energy aud.ir is

performed on the base building systems of a covered building prior to filing an energy

eﬁ‘z;ciency report as requived by this article. Except as otherwise provided in section 28-

308.7, an energy audit shall be performed by or under the Supewisz'on'lof ag:eﬁef%fE
6455 4 f h / maié g}:tzll be performed in a;cbrdance with rules promulgated by fherdepartment.

The audit process shall cover the base building systems and shall identify at a minimum:

/s

o Sy hea 727 he

Sipe of 5 Ewen oy 572 pne

All reasonable measures, including capital improvements, that would, if

implemented, reduce energy use and/or the cost of operating the building;

g For each measure, the associated annual energy savings, the cost to implement,

boildy 3y sTemT Ineluding he budd sy el s
%///W/é/’w%/m”ﬁ/@%@/&ha’_w‘[gﬁ D /7N G S 57
Coprtymy sy simS, Lom sl kot wolBa =y s/Birs,
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.and the szmple payback calculated by a method a’etermmed by the department
4?0 The buzla’mgs benchmarkmg oulput consistent with  the Unitea’ States
' Environmental Protectzon Aa’mmzstratzon (EPA} Porg‘olm Manager tool or as

otherwise established by the a'epartfﬁent,g /9 }41 Oh be V/ﬂ @ = 575
s ke lfrct e g oy, @ oL prcotious
5‘“ A break down of énergy usage by system and dlcfed energyﬁ_g’avmgs by ystem , 5 1 0?/1 Jl 5

QKM aﬁer nnplementarzon of the proposed medsures; and /_, M ot / s 2f e/ -3/
P PO [P g o,

é. ,A general assessment of how the majm energy consummg e zapment and Systems
/2 pron/a

used within fenant SPQC“.’?’?}_’QCU}‘Q energy co_nsumptzlon ‘.of_ the base‘ buildz'ng /J et

/‘/ht,ﬁﬂa{tﬁ»
SFhe

) wElodi 77\@4;2/2

gy audit is required if the building complies with one of the following L

@ SyStenw based on a représenraa_'ve sample of spaces.

three years preceding the filing of the buzldmg s b‘ﬂm
Ceeel off

| el vertss .
tar rating for the building type and a /7 §57z’
T pecec
(oz/
Wﬂf @VQZ/;}Q in the rules of the department, Npat the building’s energy /jgp Un([l’

7{/[5/ s Q‘% /é‘z‘ 2 performance is 25 or more points better thanthe performance of an A W
{7//// /&N’c?/fﬂ building of its 1 o

average building of its type over a two-year perio
Cuel off delivnde v

registered design professional dxpmits documentation, as specified

7% M‘Z Lo, " Environmental Design (LEED) 2009 rating system for Existing (95}
£ ba//ﬁ@, | | | o L C(V//’ff bz
f}e ;ﬁmw cepsery c«/Zwl
wees



lldings published by the United States Green Building Council

r other rating: system or methodology for existing

13T he covered building 7hars;- eceived ‘certification under the LEED
| 2_009 raz‘in;g.s_}-;sterﬁ for Eﬁ._stg‘ng B"‘ ings published by the USGBC

or o;h;e}" rating Systemfor 'exi;s},‘iﬁé_buildings, - ete}mi’ned by th‘é '

‘ ‘é’-egarrz;m;ent, withfﬁ_' four_‘.y(eﬁrzr‘s prib’r fb zhé filing of the ?Juz

energy efficiency report.

2. An Sriex éudz’t shall not be rei;uired Jor the first energy efficiency report of a

Simple‘ building that is in compliancé with six out of seven of the fo!lowihg

has one or more théwpostatic controls controlling all the heating

units within the dwelling dwit and 'any heated space not within a
dwelling unit has one or more ¢ mosiatic controls éontroflin.g all
the heating units within the space, or (W) the building has a central
heating system controlled by an energy manggement system or a

building management system that incorporates temgerature sensors

within the building shall not be less than 10 nor more than 30.
2.2. Common area and exterior lighting. Common area (lighting

outside of tenant spaces) and exterior lighting, at a minimum, are in



within the building, at a minj um, 'meet the standards of table

604.4 bf 'tké”»j\_few York ¢iy plumbing ‘code as in effect for new

systems instqlfed on of after July 1201 0.

| effect for ;new systems installed on or after July 1, 2010.
omestic hot watér. All domestic hot water tanks that do not have
built-in insulation are insulated with a minimum insulation value
of R-8.
Washing machines. All comm(.)n area clothes washing machines
are front loading.
Cool roof. The roof complies with section 1304.8 of the New York
city building code as in effect for new buildings constmcf&l On or
after July 1, 2010. . | |
§28-308.2.1 Contents of audit report. The energy auditor shall prepare and certify
a report of the energy audit. Except as otherwise provided in section 28-308.7, the
audit report Shalj rinclude; such information relating to the audit as shall be splec"zﬁed

in the rules of the department, including but not limited to (i) the date that the audit



was completed, and (i) the information specified in Sectioﬁ 28-308.2.
§28-308211 Cémpfz'an;_e with la:;dniarkc@laws. The cost éstima[es for c’oy‘leréd
| buzldmgs .thaz.f are rééula_téd bj 'aﬁy cit;}_»,. -s'taa_,‘e or fédeml law regu(ating lamfmari-c;?
and .'fzfstok'ic' buzlldinlgs shall include all addz'_tid’hal costs necessary for the
‘- pII‘OpO.S‘C*‘d work to comply wzth such law
§28-308 22 szmg of energy audit. Except as orhem:se provzded in section 28-
3 08. 7 rhe energy audit Shall be complered no earlzer than four years prior to the a’are
| on wkzch a covered buzldmg s energy eﬁ‘ cxency reporf is f led with the depa?’tment:
J_Jur.__s;yant to this article. |
§28—358.3 Retro-éonn’nis.éioning reéuiréd. The owner S}Iall ensure that retro-
. c'omnﬁ.issibning is performed on the base bﬁilding systems of a covered building prior to
filing an -energy efficiency report as required by this article. Except as otherwise
provided in section 28—308. 7, ktro-commissioning shall be performed by or under the
Supérvis;ion of a retro-commz:ssionfng agen;‘ .;fn accordance with rules p-romulgared by the
department. Such rules, at a minimum, shall ensure that sufficient analysis, corrections
and testing have been done so that the base building systems meet the following criteria
demonstm.ti'ng efficient operation:
1. Operating protocols, calibration, and ;eqz.zencing:.

1.1 Hl;/AC temperature and humidity set points and setbacks are
.a;opropriafe and o}:emr.ing' schedules reflect major space occupan@./
patterns and the current Jacility requirements.

1.2, HVAC sensors are properly calibrated.

1.3, HVAC controls are functioning and control sequences are appropriate

10



Jor fhe curre;nt Sfacility f;equirements
| 1.4. Loads are dzstrzbured equally across equipment when appr 5p} iaZe (i.e.
fans boilers, pumps ez‘c thatrun in parallel) |
1.5, Ventilation rares are appropnate Jor the current facility requirements.
.,J 6 Sysrem autbmaﬂc reset functrons are funcrzonmo appropmafely if
| applzcable
“1.7. Adjustmeiif& ﬁave b';aeh ;n'zack to cémpensdte Jor oversized or undér;sz’zedl
equzpment s0 that it is functzomng as effi czently as?osszble
1.8 Szmulmneous heatm;g and coolmg does not occur unless intended.
- 1 .9.‘ HVAC system ecanomizer co'nrrols are properb) Sunctioning, if
| applicable,
1.10. The HVAC distribution systems, both air and water side, are balanced.
11 1. Light levels ar%z appropriate to the task. |
].1"2. Lighting sensors and controls are functioning properly according to
occupancy, schedule, and/or available daylight, where applicable.
1.13. Domestic hot water Systerlns have been checked to ensure proper
tempe’rafure‘ settings.
1.14. Water pimps are functz'oni.ng as designed.
1.15, System water leaks have been identified and repaired.
2. Cleaning and repair:
2.1, HVAC eguxpment (vents, ducts, coj valves soot bin, etc.) is clean.
2 2 ;FP lters a clean an%afoco! are in place ro replace, as appropriate.

2 3. Lz'gfzt Jixtures _a_re clean,

11
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5

2.4. Motors, fans, and pumps, including comporients such as bells, pizlley&,

: and bearings are in good opemtino condition.

: / /’“@é/e@z

",

2.5, Steam traps have. been replaced as. Jeqmred to maintain ejj*” czent

operarzon zfapplzcable t?aodlccﬁ» ()LH*UC'V‘-?Z; M 0’!‘//1 me

Cainvems have s = M;?M & me;mﬁc[/@»f /) qaﬁm;z&
2.6. Manual overrides on exzstmg eguzpment have been remedzared 7/@'&'1. = ,@D,._

7z

" 27 ; lBozlers have been funed for optzmal eﬁ" czency, if apphcable | /

_— ﬁghgaz@bhg
2.8. Exposed hot and chilled water/ and steam pipes inches or

g_reater in dzameter with assoczated control valves are fnsalated in

o} e piiE .

accordance Wltk the standards of the New York & energy conservatzon
. : Tehv 15 Lol 5
code as in effect for néw'sy&tems installed on or after f@;‘%

2.9 In all easily accessible locations, sealants and weather stripping are

>,

o e

installed where approprigfe and are in good condition. .
2O S o im JoIpE g cand Bbah ths pre /O S
hing and documenratim : /,) e 4 /-454 4 ﬁ A 2ud o /’/"@CJ@

- 3.1, Permits for all HVAC, electncal ana’ plumbing equzpment are in order.

w19 SRy adrasors 2

h a7 g Vi o

/4 fa(z@/
5

3.2, Critical operatzons and maintenance staff have received appropriate

Mnied Vet
(1miyn ez ;%

training, which may include labor/management training, on all major
equipment and systems and general energy conservation techniques.

3.3. Operational and maintenance record keeping procedures (log books,
computer maintenance records, etc,) have been implemented,

3.4. The following documentation is on site and accessible to the operators:

/7/6&
&

the operations and maintenance manuals, if such manuals are still

(U S if e s fteet = cre Sy i

available from the manufacturer, the mainrenance contracts, and the

mo;st recent retro commzsszon.mg report.

/e

2 /575%» /W?MW relines aw 5"&?”%— low ot pessih
[ /)hyz/[ ﬁ? %7?7&% 6(4’5717'7@4}/%77 ﬂ /’vgﬂfop/‘

baf/a//@‘ 12

, J2 Mo hos

%l Elzmw-f oL g Dz @ir @/vféﬁ“ /Ja’ ~ i’

o ’ peen corvecE? @7 7775 /wW X ff;&; ’

ceciz el

Y

X
2



Exceptwn No retro commzsszomng is reguu ed if the co.vered building has recezved
_ certzf cation under the LEED 2009 ratmg sysrem Jfor Exlstmg Buzldmos publzs}zed by
the USGBC or otker ratmg system for exzstmg bmldmgs as dete;mmed by fhe
department w:thzn two years prior fo the fi lmg of the buzldmo s energy eﬁ‘ Lciency
report and earned the LEED pomt for Exzstmg Bmldmg Commzsszonmo mvestz Oatzon
: .Iana’ analys:s and the LEED pomt Jor Exastmg Buzldmg C’ommzsszonmg
zmp:lementa_t;q}:z.': :

' §28-308.3.I' C;i;;e;its fof J;etm-‘—céﬁzmissioning report. T hefetro-cmﬁm_i;sibh-ihg
agen? shall '_ péfe}qa?e and cef;tg'ﬁ) a retro—corﬁmz’;siéﬁiné repoff. The retro-
commissioning '.]’e.:[)OI"[ shall include  such information relating to thg retro-
. commzls'sioning“ﬁs shall be set Jforth in the rules of the de?c_z?tment including, at a
mininm;

A. Prbject_and team information:

1.1 Building address.

1.2 Experience and certification of person performing retro-

commissioning and any staff involved in the project.

1.3 Namg, aﬁ‘iliatz'oﬁ, and contact information for persons performing
refro-commissioning and members of the retro-commissioning
team, owner of building, and facz‘litj/ manager of building. |

2. Building inforfnation.‘ -

2.1, List .of all WAC, domestic hc?r water, electrical eéuz’pment,

lighting, and conveyance -equipmen! types in th.e base building

systems.
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2._2. Benchma;kmg output. l
3 | T estmg protacol
. 3] . Lzst of all equzpment types tesied
3.2 For eack equzpmem type restea’ a l:st of the sample fafes Coercent
7 .of each type of equzpment tesz‘ed) the testing methodology,
mcludmg any a’zagnosrzc eqmpment used, and rlre test results

5 3. List of mregrated Sysz‘em tesrzng pe:formed |

4. Master list of ﬁndmgs mcludtng Jor each, the name ‘of the .f_et;;flo—
.co.mmzsszomlng ‘measure_‘a‘nei its assigned ;ﬂ.z_umber, a brief descr.zptien of zhe
medsure, recommended coerections, the Ibeﬁefits attained, estimated cinff;ual
savings (energy and c.ost), ‘the estimated z'mplementatfon cost, and the Simpfe

: paybeck.

5. Deﬁeiehcies cor’recte_d.' :

5.1. List of repairs completed during investigation.

5.2. List of deﬁciencz'es cerrected, z'nc!uding, Jor each deficiency, the
date corrected, _by whom _the correction'was made, the actual cost,
and pfojected savings. |

§28-308.3.2 Timing of retro-commissioning. Except as otherwise provided in section
28-308. 7, the retro-commissioning shall be completed no earlier than four years
prior'to the date on whz’chra covered build;’ﬁg 's energy efficiency report is filed with
' the department pursuant to this article,

§28 308.3.3 Documentatton of retro- -commissioning. A copy of zhe latest up-to- a’ate

‘equment manuals .and the most recent retro- commzsszomng report shall be

14



maintained at every covered buz[dzng and Shall be made available upon requéest for
znspect:on by the department
§28-308 4 Ene: gy ejf’ czency repo;t requ:red Except as otkerwzse provzded in section

28-308. 7 l‘he owner of a covered buzla'mg shall file an energy eﬁ‘ iciency report for such

' bazldzng between January f rst ana’ December fhzrty ﬁrst of the calendar year in whzch

Such report is a’ue pursuant ro thzs sectzon ana’ between January first and December_‘ ‘
thirty-first of every tenth calendar year thereaﬁer |
Excepttons_:_ .

1, An owner may .appb) Jor 'an 'exfeneion of time ).‘o ﬁle an energy efficiency report
| if despzte Sach owner’s gooa’ fazth eﬁforts to be.documented in such
-applzcarzon the owner is unable to complete the required energy audit and
retro—commissioning prz'or to the Scheduled due date for such report. The
" commissioner may grant no more than two such extensions of no more than
one y_ear. each. Extensions granted pursuant to this provision shall not extend

the scheduled due dates for subsequent energy efficiency reports.

g 1o file an energy efficiency

r_may receive annual extensi

ed on financial hardship of the
$28-308.4.1 Due.dates. The first energy efficiency reports Jor covered buildings in
existence on the.eﬁ‘ective date of this article and for new buildings shall be due,
beginning with calendar Iyear 2013, in the calendar year with a final digit that is the
same as the last digit of the building’s tax block namber, as {lustrated in the

Jollowing chari:
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Lastdigitgf |0 |1 ]2 |3 14 1[5 16 17 T8 19
tax block ' : ' ' :
number

Year first BER | 2020 | 2021 | 2022 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
is due ' : .

o Owners of covered bu:ldmgs ( ) rhat are less than 10 years old at the commenceméﬁt
' of thezr first asszgned calendar year or (u) that have under gone subsmsl'ztzal
lrehabzlzmuon as cen‘zﬁed by a regzstered deszon professzonal within the 10 year
penoé’ p;‘zor to any calendar yeqr in whzch aln energy efficiency report 7_1'5“ dye; such
. that ét ;‘fze commen'ceﬁéﬁt ‘o.'f'Such. .c.'dléhclija_r year all of the base building systems of
such building are in co;iqpffd;;ée w_ith. tk?lNew' York city energy conéervatfon céde as
in effect for new buildings Constructéd on anq’ aﬁ‘er July 1, 2010, or as in effect on the
date of such substantial ‘réh.‘:'zb;'litaﬁon, whichever is later, may defer submiiting an
energy efficiency report for such buz'ldiﬁg until the tenth calendar year after such
assigned calendar year. |

Exception: The first due dates for city buildings shall be in accord&nce with a
staggered schedule, commencing with calendar year 2013 and ending with
- calendar year 2022 fbr buildings in existence on the effective date of this article,
to be submittfed by the deparrtment‘of citywide administrative services to the
department on or prior to December 31‘, Zb] 1. A city building constructed after
the effective date of this article shall be added to such schedule within 10 years
after the issuance of the first certificate of occupancy for such building. Copies of
energy efficiency reporls submitted to the deparﬁnent with respect to city
buildings thaf are not submit;ed by the cfepartment of citywide administrative

services shall also be submitted to the deparzment of citywide administrative
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services :
§28—308 4 2 Combmed audit and retro- commzsswnm‘; Nothzng in this article Shall
prevent an owner from perj’w mzngl the audzt and the ret;é commzss:omng ma
Eombmed p?ocess provzded that all the reqmremen%s of sections 28-308.2 and 28-
- 3083aremet - | | |
‘ §28-308 5 Com‘ent of ener, gv ejj" czency repa:t EchIcept as orherwzse provzded in Sea‘zon
28 308 7 the energy eﬁ" iciency repor.! Shall znclude ina format prescribed by the
deparﬁnenr (z) rhe energy audit ) eport or documenz‘atzon subsrantzatmg that an &cepraon
as set fprtl:g in sgctjqn 28—3 08.2 appliés' to suchr bui!din_g, qnd (ii) the retro-commfssiom’ng
report or docz.:me.ntclztion substantiating tl%at an. exceptzon ‘asr set forth in section 28-308.3
applies.to sﬁch buildz’ng.
§28-308.6 Notification by the departﬁent of finance. .The department of finance ‘shall
notify the owner 'ofthe requirements of this am'cz;e thre:e years prior to the célendar year
in which the covered building’s energy eﬁ‘iciency rep?;rt is due and in the calendar year
prior to the calendar year in which such report is due.
§é8—308.7 Early compliance. Norvyit]zstana’iﬂg any other provision of this article, an.
owner may submit an energy efficiency report, including both an enérgy audit report
pursuant to section 28-308.7.1 and a retro-commissioning report pursuant fo section 28-
308.7.2, in the calendar year commenciné January 1, 2013 and ending December 31,
2013 ;’n order to achieve early compliance with this section. An energy efficiency report
submitted for early compliance shall be deemed to satisfy fhe Jirst required enérgy
efficiency report for the building as assigned pursuant to section 28-308.4.1. The next

required energy efficiency report for :gycﬁ building shall be due in the tenth calendar year
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aﬁer the f st asszgne&' due date for such reéort
| §28-303 7.1 Ea;ly complzance energy audzt mport An energy audzr ‘reporz Jor a
covered buzldmg s]zall be acceprable for early comp!zance gf it is complered afier
January J 2006 ana’ zr mcludes
J The address of rhe buzldmg, completzon date of the aud:t szgnatur-e cmd
c.r edentzals of the person pe} formmg or superuzszng the perj’ormance of rhe
| audzt and of the audzt team and |
2. The mformatxon requu ed in ztems 1 througk 5 of sect:on 28-308.2.
| §28—3Q8.Z].1 Ear{y gompl;ance au_dzt completed after Jarjtuar_y I,'ZUDG and
'prt;or to the effectivé.ti'éte bf ;kis articje. An early cb'mplia‘ﬁce éudz’t completed
;zﬁe}" 'January 1, 20;0‘6 and prior to the effective ldate ofi lthl'S &rtiéle shall have met
‘the following additional criteria: |
1 The audit shall have met the requirements of the Level Il Energy Surveyl
and Analysis of the 2004 edition of Procedures for Comf;ief*cial Building
Energy Audits published by ASHRAE; or
2. The audit shall have been pe}.formed u.ndefr a New York Power Authority
or New Y ork‘ Stat¢ Energy Research and Development Authority
' (NYSERDA) contract or by a NYSERDA Flex Tech contractor; and
3. The audit veport shall be submitted .along with certification by a registered
design professional that the au«;,iit satz'@fié.s* the criteria of thisvsectz'on.
4. A partial audit completed after January 1, 2006 cmd 'prior to the effective
date of zhzs article shall qualy‘jz Jfor early complzance only if the base

building Systems ﬂzat were not subject to such audzr are audzted after the
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eﬁect;ve a’ate of this arrzcle in. the manne; set fo.'th in sect:on 28-

R ‘-"‘308712

§28-3 08 7] 2 Em ly comphance audzt completed afte.' the eﬂ‘ectzve date 0f this |

le An ea:ly complzance aua’zr completed after rhe eﬁ’ecnve date of thzs ,
' g hcle. ehall meet the followmg addztzonal crzre; ia: | |
] T?ze audzt skall be pez_fformed by or‘ underlthe supe'rwezon of a regz;sterezr'll
S . “'deszgn professzonal and skall meet the reguzremen[s of the Level H Energy .
- Survey and Analyszs of the 2004 edztzon of Py ocedures for Commerczal |
- : 'Buzla’mg Energy Audits publzshea’ by ASHRAE
2 IT he audztmg team shall mclude an mdzvzdual who is one of the followmg
2.1. 4 WSERDA approvea’ F lex Tech contractor;
22 4 Certified Energy Manager (t CEA/I) or Certified Energy Aua’zfor
( CEA), certifi ed by the Assoczanon of Energy Engineers (AEE)
2.3. A Hzgh—Pefformance Bugldmg Deszgn Professzonal (H’PBD)
certified by ASHME,' or
2.4. For audits of multifamily residential buildings only, a Multi-

O Mj/ SJamily Building

Performance Insti

“BA), certifi

T), oF have such other qualificar:

‘ ertification as defermieed .by the department;

3. An individual with at least three years of | prc_y"essional experience

p_e;formz'ng energy audits on buildings larger {han 50,000 gross square
 feet (4645 m?) shall bee member of the au_a’ffing team;

4. The building’s operations and maintenance staff shall be consulted at the
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Si‘aﬁ‘ of' a}id during the dudz"t process; and

5 T he regzstered deszgn p; ofesszonal performmg or supervzsmg the aua’;t

shall certzﬁ)rthat the audzt sansf‘ les the cnterza of thzs sectzon

§28-308 72 Early c 'lmnce i'etro-commzsszomno a. Retro—commzsszonz’ng shall

Ab.ez"dc‘ cepta &l‘? ﬁ') y y complzance gf it'is comp[eted affer the eﬂ'ectzve date of t}us

art:cle and meers the followmg c; zterm

] The retro-commzsszonmg shall be pEJ’fOf mea’ under a NYSERDA com‘raf,t for_
base bu:la’mg retro comm:ss:omng or cert:f ea’ by an mdzvzdual who is not on
the Staﬂ of the buzldmg and is (i) a regzstered a’eszcrn professzonal (u) al
cert;f‘ ed Reﬁ*lgeratmg System Operating Engmeer or (m) a lzcensed Hzg]z

: Pressure Bozler Operatm o En gineer;

2. The retro- comr;usszonmg team shall mclude an mdzvzdual who isa Certzf ed
Commzsszomng Professzonal (CCP) certzﬁea’ by tke Buzldmg Commzsswnmg
Assoczatzon (BCA), a Certzﬁed Building C'ommzs;zomng 1‘5'7'0fessn.cmal= (CBCP)
certified by the AEE, a Cozﬁmissianing Process Management Professional
(CPMP) cé;{fgﬁe.d by ASHRAE, or an Accredited Commissioning Process
Authority Plr‘oﬁs;ional (ACPAF) approved by the University of Wisconsin, or
has such othgf éertjication as determined b'y- the departmém‘;

3. The retro-commissioning team shall rz'nc:[udéi an individual with at least one
year of pr_ofessiozml experience performing rerro-commissib;zing on the
;Izeélzanical sy.;;k%m of buildings larger th;m 50,000 gross square feet (4645
mz); | | | |

- 4. The b;,iilding s bg_gmz_‘iom and maintenance staff shall be consulted at the start
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' ‘of ana’ during 'th'errét%@i:"é}mniésionino prbcess,‘ and
- X 5 ‘-]?;8 retro- ;'om}‘mssz.o.nmg r;eport shall ‘contam a certzf r;"atzon that suﬁ‘iczen?
:;-zﬁall)-zszs‘ aﬁd -testmé. has béen a’ome and cor};ecrzb}zs have been p;e'} formeé’ sro‘
: "L‘hat ﬂie base buzldmg Systems meet the criteria of seczzon 28 3 08 3 ana’ Shall |
mclude the mformatzon specrf ed in sectzon 28—3 08.3.1. - -
b Notkzng in t/us secrzon Shall be consrrued to dezermme which u'vzdzvzduals ﬁfz.ay
| ;uerform the. work z‘o cor‘rect def iciencies zdent{f‘ ed durzﬁg rhe\ r;e-t;fc;—
cogtﬁusszomﬁg ?réc‘éss éxc;ept as ﬁthemzse provzded by applzcable law. ‘.
§28-308 8 Optzonal compl:ance for ener, gy eﬁ" cwncy reports due in the calendrzr year
-commencmo January 1, 2013 Noththsfandmg any other prov:szon of f}us arhc!e
audzts and retro- commzsszomng for energy efficiency reports scheduled to be due in rhe '
calendar year commencmg January I, 20]3 shall be pe;formed at t]ze option of the
owner, in accordance with the provzszons for early compfzance as set forth in secr.r,on 28—
3 08.7 or-m accordance with procedures set forth in the rules of the depa; tment, y’ Such |
procedures are promulgated wlfhm oné year prior to the due date of such report. If such
procedures are not promulgated within one year prior zb the due date of such fep_qrt,
audit and ‘refro-commissioning for energy efficiency reports due in t?ze calendar jear
commencing January 1, 2013 shall comglalj) with the audit and retro—_cbmmissz’_oning
procedures for early compliance.
§28-308.9 Rules. The department shall promulgate such rules as are necessary to qairry
out‘tl_'ee provisféns of this articlé ina timely manner, whz'ch may include separate feés Sor
f ling: and. rewew of applications and reports f led pursuant to this amcle '

§2 Chapter 9 of the New York city chmter is amended by addmg a new SBCthI‘l‘
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224.2 to read as follows
§224 2 Requzred energy conservatzon prcyects in city buzla’mgs a Def mtzons B

For the pwposes of thzs sectzon the rerms base buzldmg Sysrems , czty buz[dzno”

erzergy audzr” __“ene gy eﬁ“ czency Jepon‘ ana’ S:mple payback” shall have the same

mea'n'z'ngs as déﬁ r Sectzon 28 3 08 ] of the admmzsrratzve code _

b No'l er than one year aﬂ‘er the subm:ssxon in accordance wu‘h artzcle three

it

hundred elglzt of chapter three of fztle rwemj) ezght of the admzmstratzve code of an

energy . eﬁ“ czency report for a czty buzldmg, reasonable capzt‘al zmprovements to the
buzla'mg s base buzldmg Sysz‘ems that are recommended in the buzldmg s eﬁergy audzz
shall be completed‘ mcludmg, ata mzmmum all rhose zmprovcments of the base buzldmg
systems having a ‘Szmple_ payback of not more than seven .‘years or capital improvements
that, when ccmbinca’,..would cqizal (3r cxceed' the oﬁerc_zll redr,_zcticn in energy conscnptio;z
of such recommende_d cc_zpitcrl improvements having a s.-imple payback of not more than
seven years. | | | |

c. The mayor shall promulgate rules cs may be necessary to carry oul the
provisions of thic section.

§3. Report on capitai improvements of base building systems. The .department of
citywide administrative services shall submit annual repor‘cs to .the mayor and the speaker
of the city council on cacital irnprm"ements of base building systems complcted pursuanl‘
to section 224.2 of the charter as added by sectlon 2 of this local law, for each mty ﬁscal
year commencmg with the ﬁscal year begmnmo July 1, 201 3. The first such report for the

, ﬁscal year commencmg July I, 2013 shall be submllted by December 31, 2014,

Subsequent repor’ts shall be due six months aﬁer the close of the fiscal year covered by
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_thel report.‘ Each report shali inc:iude at amimmum |
o a_.' The latest energy efﬁcrency reports (includmg energ y .audit andl-" retro-
'comnusmomng) submitted pursuant to article three hundred eight of chapter three of title
’ twenty eight of the admmistrative code for each buildmg covered by the apphcable
report of thc department of crtywrde adrmmstratrve serwces o
b An analy51s of the most comrnonly.reconunended capitai nnproverne:.nts of
: base buildmg systems recommendcd 1n the energy audits of such buildings.
- c An ana1y51s of the accuracy of such energy audits in predictmfT costs. of thc
recommended capital lmprovements S
d. An ana1y51s _af_tcr. one.year of.."o'iaerat‘ion of the accuracy with which such"audits
| pre'dicted the actualilsaizing aohieved by 'th.ecapital improvements.
| e ~*Recommendations _as to approp:riate l'legislative or administrative actions ora
statement as to why no Iegislative or admuustrative actions are needed.

§4. Severabihty If any section subsection sentence, clause phrase or other
portion of this local law is for‘ any reason declared unconstitutional or invalid, in whole or
'in part, by any court of competent jurisdiction, such portion shall be deemed severable,
and such unconstit‘utionality‘_ or _iniraiidity shall not affect the validity of the remaining
portions of this local law, Which remaiﬁing portions shall continue in full force and effect.

§5. This local law shall take effect immediately.
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ood Your Local l.aw 87 Report'?

: By-Danrel Karpen PE

Thére are a number of consultants out—

there thatare. ”pretendrng” that they can
. prepare the- energy audit and energy effi-
- ciency reports required by Local Law 87,
-, Local Law 87 of New York City's
"+ Greener, Greater Buildings. Plan requrres
all burldrngs over 50,000 square feet to -
E file:an Energy Efficiency Report (EER)
‘ wrth the New York City Depariment of
"Buzldrngs The EER consists of an.,

that was poorly prepared and -of almost-
" noseto the client.

Be Prepared-

Needless to say, you cannot wait until
December 1, 2013 to start preparing a
~report: due on- December3‘l 2013 lt

) fully |mplement the recommendatrons
.. The energy audit report is supposed to
ell you ‘what eperations and mainte-
“nance “Work,-and capital improvements,
. aré ‘needed.in the building to'reduce
energy use. Once you get the energy
~audit report, you are requrred by Local.
,Law 87t complete the retro-commis- .
_’s:ontng work. - : :
- Some:of-the work hay be-minor, for
example, aboiler cleanlng ‘Other work .

’select a-smallerboiler. It can take from 6

plete a major job such as this. -
A v_—f-_ What:can go.wrong? As Murphy’s
claw tells you, almost everythrng Let's -
S f', " stait ‘with some basics:

.pag summanz:ng energy usage and

costs“for the past one or two'years for

: -fuel orl natural gas and electricity. It,
should also provide a baseline cost of

each of the units of energy to be used in

the report's calculahons
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“~ASHRAE Level ] energy audit and retro- |
commrss:onang study of base burldlng
systems
Energy Effrcrency Reports are due
once: every ten years. The first reports
~ must be filed by 2013, and are due in a
L staggered schedule based on the'last

nlty to revlew an energy effrcrency report'

ay'li be ma]or for: sexample;. replacement .
fan_ ‘versrz d-.borler—rn whrch case, it -
:might take an‘engineer several months to

‘to 18:'mornths from staft to finish to com-

AThe.energy audrt report should have a .

_ For the cost of oil, the question is
‘whether to use the present cost of the
last délivery or the average cost over the
past year. | recommend to use the most
recent cost, as it is difficult to predict the
future costof oil. If the Jast delivery was
several months age, | prefer 1o call up
the supplier and use the present cost' -

‘For natyral gas, your consultant
should not-use an average cost per therm
from the last bill, but rather should look
at the incremental cost of the last therm .

. of gas, plus any applicable taxes-and sur-

charges.

For’ electrlcrty, if you are b:lled for .
energy and demand charges, your con-
sultant should break down these charges.
There may- ‘be distortions in the energy

cost savmgs calculations for cerfain ener- .
.8y conservatron mieasures. For example,
an e energ conservatron measure involv-

g-zthat is on 24 Rours a -day, 7

*idays a week-may distort the cost savings

if an average cost per kWh is used in the'
calculations.

Each energy conservation measure
should be on a separate page. It should

- begin by describing-the present condi-

tion. It should describe the recommend-

. ed energy.conservation measure. Energy
“saving calgulations must be based on

0, '. sound science. It should provide a verifi-
mrght take 6 to 18° months:

able 'calculatlon showing how much -

energy will be saved by the measure. A
«cost estimate needs to be provided for
‘the eriergy Conservation measure, and a
" basis for the cost. A simple payback peri-
" od needs to be provided.

. Energy conservation measures should
not engage in double accounting of ener-

8y savings.,For exampie, tuning up a
. boiler may raise its steady state efficien-
- .cy from 75 to 80 percent. A calculation
for the enefgy savings to insulate a steam’
Hine should'be based on the 80 percent
“efficiency tate, not the 75 percent effi-
' Ciency -

Is Your Heating System
Oversized?

The repdrt that | saw had a catculd-

“tiork for replacrng a S-ton lobby air con-
‘ dltronrng system with a more efficient

system. There was no load calculation to

determine-if the 5-ton A/C system was
‘ “oversized.”And in this case, a smaller
system_may have been more efficient and
_ cheaper to install.

Also, the basis for the energy savings

coniinued on page 44

was a one-pipe or two- prpe"'

L ply the berler foorm had

_oversized for-the, burldlng No. mventory -

' the same-time. . One must co pare'

ENERGY AUDlT?NG

continued from page 31

_calculation was b_ased on av_'guess_ of the .
number of hours the system. was. run-
ning; it was not based on any. actual
measurements. It was assumed.that the .
system was running continuously; A/C-
‘systems do cycle. The fan fHay-tun con-

tinuously, but the ¢ compressér may cycle.
Also, the cost of the installation.was too-

" low, making the potentiat’ payback peric’

od.appear shorter than reality:
-Addltlonally, no.mention. was- made of-a
- need to clean the ductwork:; :
Another factor is that the- heatrng

- description was incomplete::The report

mentioned’ the make and fnodel of the .
Steam boeiler, but did not tell whether it

Ltem. No mention was mad

- the boiler had adequate insulation.
~ There 'was also rio inventory of the unin-

sulated steam lines; | have yet to see a-
building in New York City which has.
adequate steamn pipe insulatiori. If your

———— e . fatii e *

he outsrde arr to sup-

“vated damper in series wrth the borler

: '_'-controls to keep «cold aif out of the bolrl-
" er room when the boiler is off.”

It was also not.clear if the borler was N

was made of the attached steam rad:'

attached radlatron load against the frnng_ -
‘rate of the boilér. If was. not clear. if the.

radrators were oversrzecl ;onde you put o

‘neerrng prmcrp!es can be prone:to 1nac- :
curacies in therr reports, My advice i is'to
‘quest:on everythrng Use-best practlces

. and practlcal engmeerrng rather than

'-DANtEL K ARPEN
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Improving the Ffficiency of Steam Heating Systems

" BY DANIEL KARPEN, P.E.

By, and two-pipe steam radiators will
# continue to dominate the heating

of a majority of buildings in New York ~
- City well into the present century. But

how do. we determine if an apartment
- building is energy efficient?

One way is to sum up the amount of

. 0il consumed on an annual basis in the

building. An energy efficient apart-

" ment building should be using the

equivalent of 250 gallons of fuel oil per’
unit'per year, or its natural gas equiv-
alent, to provide heat and hot water to

"-the buiiding. For natural gas, 1387

therms of gas i5 equivalent in input
heat to one gallon of No. 2 fuel oil.
If you are using more than the

above amount on an annual basis to

provide heat and hot water to vour
‘building, you are wasting a consider-
able amount of energy. [ still see
buildings in New York City that are us-
ing 375 to 550 gallons of fuel oil per
year to provide heat and hot water—
these buildings are energy guzzlers.
By May 1, 2011, private buildings

“~over 50,000 square feet in arca must

provide annual water and energy

benchmarking, Thus, they must deter-

min_é on an annual basis how much en-
. ergy is being used in their building.
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¥ team heéting using. both _single- -

Things to Consider .

There are many reasons why your
building may be consuming too much
energy. Here are some common prob-
lem areas:

The steam pressure is set at the
wrong pressure. In many buildings,
the steam pressure is set too high. Do
you know what the steam pressure is
set to in your building? Is it at 2 psi or
it is at 5 psi? Can you answer this
questlon? Why is the steam pressure
set where it is?

There can be a considerable
amount of wasted energy if the steam
pressure is set at the wrong pressure.
[ have seen buildings where resetting
the steam pressure to a level it is sup-
posed to be, based on the initial de-
sign of the steam heating system, re-
duced fuel consumption by 10 percent.
A great deal of overheating in build-
ings is due to the wrong steam pres-
sures, Radiators waste energy if the
building steam pressure is set at the
wrong level.

What happens is that steam enters

the condensate returr system, where

it does not belong. In this case, the
condensate lines act as steam lines in-
stead of condensate lines, resulting in
a great deal of energy waste. Because
the condensate lines are now hot,

continued on page 61
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IS YOUR BUILDING...

continued from page 49

along with the stream radiators, the
apartment vastly overheats,
" Damaged Steam Traps

Another problem is blown steam
traps in two pipe steam systems.
Steam traps generally last only 3 to 5
years, yet in many buildings, the
steam traps have not been replaced in
50 years. Because the steam traps
don't work, building supers keep the
steam pressure at the wrong level.
‘Stream traps that fail in an open posi-
tion allow steam to {ill up the conden-
sate lines, which again results in over-
heating. -

To prevent this, the functioning of
steam traps needs to be checked on a
regular basis with a thermal scanner
that reads the temperature of the re-
turning condensate on the condensate
return lines. If the temperature of the
condensate is above 135 degrees F,
you most likely have blown traps in
your building. [ have seen buildings
‘where most of the steam traps had
failed in an open position. The simple
act of replacing steam traps can cut
fuel consumption In a bulldmg by 5 to
[G percent.

Another big problem in many build-
ings is inadequate ‘insulation on the
boiler and on the

steam and condensate lines in the .
basement or cellar. Energy that is lost
in the boiler room does not get to the

.occi.:pan'ts of the apartments upstairs,
where it belongs. The temperature of
a boiler room with properly insulated
steam and condensate lines, and a
well insulaied boiler, should be about
about 70 degrees F. If your boiler
room is above 70 degrees, it is wasting
energy.

In the summer, an excessively hot
boiler room causes occupants in the
space above the boiler room to run
the air conditioning more than neces-
sary. A properly insulated boiier and

~ boiler room piping can cut fuel con-

sumption in a building by five percent
or more. Boiler replacement may be
necessary if a boiler is defective and
can not be repaired satisfactorily.
Keep in mind that most boilers are
vastly oversized for the building they
are heating. An oversized boiler can
waste as much as 40 percent of the an-
nual fue! consumption. Beiore a boiler

-is to be replaced, an ‘engineering

analysis is necessary to. size a new
boiler. A new boiler can be sized on
the basis of the present fuel oil usage
rate. For example, | once saw a boiler
that was sized to burn 1,200 gallons of
fuel oil per day, but the actual amount
of heat necessary to heat the building
was the energy equivalent of 200 gai-
lons of fuel cil per day. :

Some of .the more efficient ‘boilers
have three inches of jusulation in the
jacket of the boiler, which can keep
the boiler room muchi cooler, The in-

coniinted on page &2 .

IS YOUR BUEE_ NG,“.-

continaed.from page 61

suiation is on all four sides and.on the
top of the boiler.

It is recommended that owaers
should install a boiler capable of btirn-
ing 10 gallons of fuel oil per hour. A
properly sized new boiler not only
saves owners the cost of operation,
but a smailer boiler is often much less
expensive,

Danie! Karpen is a profess'or'al en-
gineer based in Hum‘zngton New York.




Throwmg Down the Hammer
By Daniel Karpen, P.E. -

No, your steam lines are not supposed 10
be noisy. The Beatles are considered to be '
among the best musicians of all time. But
. the cacophony you get from noisy steam

" lines. is far from conmdered music at alt.

So what is causing the noise within my -
steam system? It can be any number of fac-
tors,

Often, itis a Iltany of factors largely
related-to poor operation, maintenance; and

 the design of your stearm heating system,

Let's look at some of the reasens you

“can have steam hammer.and pipe banging:

. The pipes are not pitched properly.
Condensate is suppased to go downhill by
gravity to return Lo the steamn boiler. | have
seen cases where a pipe hanger has brolen,
resulting in a sag in the steam'line where
the condensate has collected; the steam
‘comes down the steam line, and bangs the
condensate to the end of the line where is
makes a thud against-the hard stubborn
steel.

2. The steam pressure is set too high, if
you set the steam pressure above about 2
psi, the condensate can back up in the
return line, and if the return line is just sev-
eral feet above the water line in the boliler, -
.one'can have waler hammer in that return
line. If the-stearn pressure is too high, set it
much lower. The lower the steam pressure;
the less the pipes will knock. You will-also
‘save energy by lowering the steam pressure.

3. The condensale lines are clogged and -
are preventing condensate from returning to
the boiler. A friend of mine told me about
this problem. One side of the building was
not getting heat die o blocked condensate
return lines. Once he opered up the con-
densate lines and cleaned the 75 years of
accumulated rust from the line, the pipe
knocking problem went away.

4. The steam lraps have failed in the
two-pipe steam heating system. Since the
traps are now open, steam is flowing into
the condensate return lines, causing the
condensate-to e pushed along into waves
down the pipe. .

Unfortunately, steam is not emotional. it
follows the laws of physics. You need-to

-replace ali of the-thermostatic traps at the
end of each radiaicr. You cannot pray that
this problem will do away on its own. You
~ must spend money.from your co-op or
condo budget to fix the problem.

5. You have dirty boiler water. Because
the water chemistry of the water is poor,
condensate is being thrown up the steam
lines along with the steam. You will need

- to durnp-the boiler water and clean the

“w, cooperator.com

seen steam heatmg systems that are-as quiet
" as a mouse. B

internals of the boiler using boiler water
cleaning compounds. You will need to
institute a program of treating the water-in-
the boilerto-keep.the pH:between 8:0 and
1.0 to prevent condensate: from being lifted
out of the boiler-intothe steam liries.

6. You have uninsulated steam lines.
Steam is condensing-afong the iine, and the

- condensate is causing the steam hammer.

In order to solve the.prablem, you need'to

- insulate the stream lings. “Far the proper

amount of insulation, refer-to-the 2010 New
York State Energy Conservation
Construction Code,

7. One pipe radiators thal are partlally

open. Ifthe valve is not fully open, the con- :

densate-is gelling in the way of the steam
trying to get into the radiator. This problem
is usually restricted to individual radiators.

8. If you repiace a boiler, make sure that
the water line is in at the proper height. If
you change the leve! of a water line, a dry
return line can turn-inte a wet line that will
knock depending on the boiler stream pres-
sure,

9. A long nipple at the Hartford Loop
connection. | once saw-this problem. The
Iong nlpple gives the: returning: condensate a.
“runway" to smash into the equalizer as the
steam bubbles rising up the equalizer con-
dense. It took me a long time to explain to

the-owner of the building why: this problem

was causing:the pipe-knocking,

10. Someane used concentric: reducers
instead of eccentric reducers where the
main steam lines changes size. [see ;‘L'us
problem in about 5 percent of the steam
systems thal | inspect for owners. The only
way (o solve this probilerm is o replace the ’
reducers on the steam lines, which.can be

‘EXPEI’ISIVE‘

Every steam heating system is dlfferent

- Your system could have one of the.above

causes for.the water hammer problem, ot
severa] causes,

If you want your residents to stop com-
plaining about the water hammer problem,
you need Lo 1denufy the exact causes, and
get them taken care ‘of.

Water hammer is notnormal. | have

Danief Karpen is a ifcensed profess.'ona!
engineer specializing in energy. conservation
and environmental consulting. He is based .
in Huntington, New York
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A Case Study for Conversion

By Daniel Karpen, P.E.

New York City law will phase out the
burning of Number 6 fuel oil in the near
future.

Should-you wait untif the last minute
until making the switch to cleaner fuel cil in
your own building? Does it make sense to
do it now, or do it later?

The fact is that the sooner you phase out
Number 6 fuel oil, the more money you will
save. There are several ways of phasing out
Number 6 firei oil. An easy way is to tefl
your fuel oil company that you want to burn
the Mumber 6 fuel-ofl that you have in the
tank until it is almost empty, pump out the
remaining Number 6 fuel oil, clean the
tank, and fill it up with Number-2 fue) oil,
You would then disconnect the heater for
the Number 6 fuel oil, set up the fuet pump
to run only when the burner is running, and
change the burner nozzle and replace the
fuel filter. . You could also do any other
work that your service technician recom-
mends at the time.

While Number 6 fuel oil has more BTU
per.gallon than Number 2 fuel oil, 145,000
BT per gallon compare with 138,700 BTU
per gallon for Nurriber 2 fuel oil, the reduc-
tion in the

parasitic losses from handling the
Number 6 fuel oil by preheating it and run-
ning the fuel pump continuousky would
make up some of the difference in net oper-
ating costs.

Also, Number 2 fuel oil burns cleaner

| than Number-6 fuel oil, so at the time of

conversion, you would need to clean the
boiler tubes to remove-the soot on the fire-
side of the fire tubes,

One Building's Story

Two years ago, | prepared an engineer-
ing study for .a ll6-unit apartment building
on the East Side of Manhattan near the
United Nations. The building was burning
Number 6 fuel oil. For the 2008 calendar
year, the boilers burned approximately
47,942 gailons of Number & fuel ail; thus
the fuel oil usage was 413 gallons per unit
per year.

The boilers were original to the building
which wis built about 1965. There were
two Federal firetulsé firebox-type boilers
each rated at 134 boiler horsepower. Each
boiler was fired by a 50-gallon per hour
Johnson rotary burner. o

As part of my engineering study, | per-.
formed a combustion efficiency test on the
bailer in use at the time. The stack temper-
ature was 450 degrees F, and there was 4
percent carbon dioxide in the flue gas. The

‘steady state efficiency of the boilers was 66

Phasing Out No. 6 Fuel Oil

percent.

The super told me that prior to the instal-
fation of low-E windows in the building,
maximum fuel oil consumption on a cold
winter day was approximately 450 gailons.

A review of recent consumption records
noted a maximum daily consumpticn of
about 300 gallons per day, a reduction of
about ane third.

At a firing rate of 50 gallons per day,
each boiler in the building can burn 1,200
gallons of Number 6 fuel oil per day. Qf
the 300 gallons of fuel ¢il burned each day
in the coldest weather, 100 galions is lost in
stack losses. Thus, only 200 gallons equiva-
lent of BTU in the oil is necessary to heat
the building,

Itis iliegal in New York City to install 2
new burner that can fire Number 6 fuel oil
al less than 20 gallons per hour. Thus, the:
only alternatives that made sense in this
case were natural gas or Number 2 fuel oil,
According to Con Ed a large uptick in natu-
ral gas usage would have necessitated the
digging up of the street back to First
Avenue to install new gas mains, as the
present mains could not support additional
service.

In light of all this, my recommendation
to the owner was to instail two new high
efficiency boilers rated at 10 gallons of
Number 2 fuel oil per hour. If we divided
200 gallons by 24 hours per day, the build-
ing only needs the equivalent of 8.3 gallons
equivalent per hour to heat the building,
Assuming a boiler efficiency of 83 percent,
one could heat the building with a new
boiler with a firing rate of [0 galtons per
hour. 1 also recommended that alt the steam
traps be changed at the time of installation
of the new boilers'and that changes be
made to the condensate return system so
that a gravity return system take the place of
a condensate receiver tank.

Energy and Cost Savings

The cost of conversion for the East Side
building was projected at $100,000. This
cost included removal of the old boilers,
instailation of new boilers,and commission-
ing the new boilers to run on Number 2 fuel
oil.

Energy savings from combustion efficien-
cy savings were estimated at 1,744 gallons
of Number 2 fuel of} per year. Off-cycle
savings, when the burners were nat firing,
were estimated at 10,194 galions of Number
2 fuel oil per year. Total energy savings
were estimated at 21,938 gallons of
Number 2 fuel oil per year. Usage of

coniinued on page 44
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PHASING OUT NO 6.
continued from page 32

Nurnber 2 fuel oil was projected to be
28,688 gallons per year, or just 247 galions
of fuel oil per unit per year.

Even with a cost differential of $.3575
per gallon between Number 2 and Number
b oil, the fuel oilcost savings were project-

-~ at-$9,827 per year. An additional

'$3;GO_[jf}fper year savings per year was pro-
Jected from a reduction of electrical usage.
Total cost savings was projected at
$12,827 per year at the time of the study.
The simple payback period was 7.8 years.

With today's fuel oil costs, the payback

- period would be between 4 and 5 years. So

even though the initial ¢ost and work might,
have seemed daunting, over the expected
life of the boiler, it certainly pays to replace
sooner rather than fater. .
Daniel Kaipen is a professional engineer
based in Huntington, New York. - '
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“known'to man, an

By Daniel Karpen

If you want to catch mice the simple

- solution is.to use a mouse trap. If the

mcuse trap does not 'work, and often

' they don't, then you have to.find an

alternatz sotution. One goad solution .
is to get a natural predator ofthe

mouse to asmst Th' '
as-eifective a mouse. erad

ation tool
ill-accom-
plish-the job. A snmple solution for a
51mp1e problem '

Don’t Get’ Steamed

The same goes it you're going to try”
tQ_trap steam, you: find the most effec- -

tive way to accomplish. this,.and what
is the toal to use? }t's known as a
steam trap. Now you-may be asking,

- what does a‘steam. trap do? To answer.

that Guesuon, we have to examine
what arethe different types of steam

. heating s ystems? There are two general
 types of low: pressu:t stéam heating. "
: systcmshﬂthere arg one pipe systems
~and two pipe systems. ina one pipe

steam system, steam and condensate

share the same pipe to the radiator. In - ..

a two pipe steam system, the steam
enters the radiator through one pipe’
and condensate leaves through another’

pipe at:the 0pposute ‘end of the radia- - .

- tor. That is what we mean by the

" term—two pipe steam heating.

The problem then is the following:

How do you. prevent steam from leav-.
. ing the radiator soit does na
the ronuensate return- sy%tem? There -

get into’ ‘

“are various ways of solving this prob-

- em. The mdst commonly used tech-

i+ .pniqueis to.put'a “steam trap” at'the

~ . end of the radiator.

- Alsteam trap'is a mechamcal device -

that has to dotwo thlngk It has to

allow the condensate: to 1eave a radia-"
tor while at the same’ time preventing

steam from getting-into the condensate -

return lines. The type. of trap: used for
this purpose is a thermostatic trap.
There are also float and thermostatic -
traps on the ends of the main steam

basements and cellars of residential
buildings. '

Two pipe steam systerns revolution-
ized the heating of buildings. You had
much better controi than a ene pipe
steam system, You: could moduiate

~steam flow at a radnator manually -
- through a throttlmg valve. Because you. -

_had better control you couid heat

at i< about: - -

Cas an-airvent; So the
'happens is that the air is vented ouf of
the system’s steam trap. If the steam :
trap fails in a closed position, the'air js.
trapped in the fadiator and it stays "
" cold. This prob]em is rare, but it-can

much Iarger bu1!d|ngs Typlcally, -

smaller” apartment bUI]dmgs had one
pipe steam- systems ' PR

Two Plpes are Better Than One

Twor p[pe steam systems Were also
more expensive toinstall than.one.

pipe steam: systems because you’ need— :
. ed two sets of. pipes, one set for the RS
steam lines and one; Set for the conden-- s

sate return Imes Some of the extra.

. expense was offset’ by the use of smail- -
. _er lines for the steam supp[y hnes 10 |

the radiators because, there was very
little condensate in-the supply-lines

- " compared with the steam lines néces-
“-sary.for a one pipe-steam system. Two
~pipe steam systems -were alsg.installed.

“es_where the

Jowner was ‘willing to: pay for it.

The thermostatnctra ";aiso func‘ans
irst thing that ™

occur. . ,
Every thermostatlc radlator trap has

: ‘a. bellowsthat is filled:with an alcohol- L
. water'mixture. The manufacturer-sets -
 the mixture to boller at 180 degrees

Fahrehheit. As steam" approaches the

trap; the alcohiol-water mixture. flashes

off and expands. That expansive force
drives.the bellows out; pushing the pin.-
into’ the seat and- closing the trap. As~

. the'stedm gives up its fatént heat and
_condenses ‘the‘alcohol mixture inside .
- the bellows senses the drop in temper-
“ature and opens‘to let the condensate

flow back to the bonler

How Long Do Thermostat;c

Traps Last? .

. As you can surmise, the traps are-

: constantly opening.and closing all

““through the heating season. In a typlcal
Newt York City building, the'steam may
lines. These traps are designed to han- ‘be live'in the steam lines: about 900
dle the larger amounts of condensate .
whlf*h forms in the main steam lines. m-'-..",

* hours per season. This trap may be
" opening and closing- about three times’
“ per minute.- Thus in a smgle heating

season, the trap may be opening and.

closing about 162,000 times. After six "
-years, the trap may be opening and -

closing:more than one million times.

That is'a lot of wear and tear on the

‘ continued on.pege,43 _
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I'square feet in your b ‘d‘mg and you
have'a two pipe Steam qystem W|th

thermostatlc traps, Local Law- 87 forces
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Testimony for Hearing on Site-Sourced and Stored Renewable Energy by Ken Gale
Thank you for holding this hearing and for giving us the opportunity to speak.

I'm Ken Gale, and since 2002, the host and producer of the environmental radio show Eco-Logic on
WBAI-FM here in New York City and also the founder of the New York City Safe Energy Coalition,
NYCSEC. I'm also on the advisory board of New York City Friends of Clearwater, a member of the
Environment TV team and a founding member of the New York Climate Action Group, which was
instrumental in getting the commercial net metering law passed in 2008. 1 keep busy.

I was hoping for this hearing when I learned that the City Council had passed by a 47 to zero vote Int #
378 to lower greenhouse gas emissions. Renewable energy is one of the many ways to reach that goal.

When people save money on energy, they tend to spend the money they save Iocally, so the benefits to
the local economy are greater than merely what we save on energy. Clean energy is healthier, that cuts
down on healthcare costs and increases worker and student productivity. Don't underestimate that. -

These days, there are a lot of studies on how to provide for New York City's electricity needs without
fossil fuel or nuclear power. The Jacobson study is a good start, but I prefer CUNY"s solar roofs and
Solar City studies and especially SUNY-Albany's solar research headed by Dr. Richard Perez.” We can -
get 50% of our electricity. from solar, More in the summer, when prices are highest, less in the winter.

Last Oct. 8, at a New York Solar Energy Socmty Solar Salon, someone from Con Ed said there are over
2,000 solar voltaic mstallatlons in the City giving us 40 megawatts, with almost that many MW from
1,000 more in queue. It wasn't that long ago that there were only 75 installations, so we've gotten better
and the City's new streamlined solar permitting is a big reason for that. However, with a million
bulldmgs in the City, 3, 000 is a poor showmg 3/10 of a percent. That needs to accelerate.

In doing my radio show and talking to local solar installers, one of the big complaints they have i is
financing. Many banks don't or won't. My friends from Occupy Wall St. say that's because of
interlocking boards of directors of banks with oil companies and utilities. I hope it's only ignorance on
their part, but it was about ten years ago that Home Improvement magazine had an article on how much
solar panels increase a home's value and re-sale speed, so the banks should know better by now. There
have been more recent articles in other magazines saying that sometimes solar panels increase the value:
of a house by more than the cost of the panels. With lower monthly energy bills, the borrower will find
it easier paying for efficiency and solar loans than probably any other type of home improvement.

On Long Island and upstate, there is on-bill financing, where homeowners can pay for energy
efficiency and solar and tie the cost to their utility bill. Con Ed does not participate in that and [ think
they should. The Green Bank only helps large installations and it's time they also helped homeowners
find solar-friendly banks and credit unions.

One caveat: solar LEASING and Power Purchase Agreements, deSpltC their zero upfront costs
and lowering of electricity bills, often lower property values for people who don't want to be tied into
someone else's lease or contract. Buying the solar panels is best.

One form of solar power that gets very little discussion is solar thermal, which directly replaces fossil
fuel-used for heat and hot water. Until recently, Richard Klein of Quixotic Systems in the West Village
was the only solar thermatl installer in New York City. Now there are a handful. Bronx and
Kingsborough Community Colleges had courses to certify solar thermal installers that didn't take long
and were inexpensive. A representative from Bronx Community College told me they were -
discontinued due to lack of interest, but they would re-offer them if the interest is there. Solar thermal
pre-incentive costs are 1/8 to 1/10 as much as photo voltaic - electricity -.and a rooftop solar thermal
array can supply all the heat and hot water for a five-story building, but the same size pv array can only
- supply enough eleciticity for one story (I got that info from tours of Quixotic Systems' installations).
Solar thermal directl§teplaces methane and with less methane being used, there is less chance of



another gas éXpl_oSion like what haﬁpened in East Harlem in March, 2014. Larger buildings have
multiple boilers, which operate depending on tenant demand. The first boiler can be connected to a
- solar thermal array and subsequent ones use other fuels. _ : : :

- I'assume most of the testimony today will be about sources of energy, but new sources alone will not get
us to a point where 100% of our energy is from renewable sources. 'We waste a lot of the energy that we
buy. Goes right through the window. Using less energy means we won't burn as nuch fossil fuel or
irradiate anyone.

Passive House techniques have been around since the '70s, originally developed in Ilinois as the "lo-cal
.- house" and homes were heated in an Illinois winter with the people and appliances within the building.
They have been perfected to use less than.1/10 the energy of what is usually called 2 conventional
building. There are claims of using only 5% of the energy for buildings currently being built in -
Germany. New York City architect Chris Benedict has shown that they don't have to cost one cent more
to build, either. : ' - .
At the Passive House conference in NYC this past June 17th, I discovered that there are four
different organizations certifying buildings as passive house. That would explain the low numbers of
- passive house buildings Councilman Levin mentioned at the Oct. 23rd hearing on lowering greenhouse
- gas emissions. There are many architects and architectural firms building and retrofitting passive houses
+ in New York City and vicinity. There are regular passive house tours organized through meetup.com.

* Buildings are built to code and no better, so our building codes must take energy use into account. Just -
as many people buy cars with the mileage in mind, choosing energy efficient cars, so too should
buildings be made and bought with their efficiency in mind. ' - L

Most of our buildings were not built with efficiency in mind, so they must be retrofitted. It will
pay for itself in a few years, much less time than the life of the building. This benefits landlords, tenants
AND homeowners. I suggest loans, not grants. With the great financial benefits to using less energy,
there should be no cost at all to New York City. And again, there are many architects and architectural
firms retrofitting buildings in New York City and vicinity. The Northeast Sustainable Energy
Association, NESEA .org is a good way to find some. '

Andy Padian from Steve Winter Associates, one of New York City's foremost energy experts, made a -
presentation at a recent NYC Safe Energy Coalition meeting, The number of simple and cheap
improvements that can be done to lower energy costs and our carbon footprint is niore than I had realized,
 even with decades of energy activism. Most boilers are old and inefficient. We use more hot water than

- we need to, and thus waste more energy heating it. Most of our toilets are old and inefficient, increasing.
energy costs to pump replacement water and increasing wastewater treatment costs. Andy's biggest easy
energy saving is from cable boxes. They use the same amount of energy, 20 watts, when they're off as”
when they're on. In California, the same company that supplies our cable boxes supplies theirs, and they
only use two watts when off, a 90% savings. Every cable box that is replaced should be replaced with an
efficient one. If the cable companies won't do it voluntarily, perhaps legislation is needed.

Environmental activists like myself may know how much more economical and green energy star
appliances are, but I think the average person does not. More education is needed. 7

Solar panels, insulation and better windows cannot be installed from overseas. They mean local jobs.
Let's stop burning our money or sending it to Texas and the mid-east. Let's spend it at home.

When the air or water are clean, thank an environmentalist. If not, become one. Nuff Said!

- Thank you.
Ken Gale
nuffsaid@riseup.net
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The Place for Small Scale Solar Generators in
our plans for a renewable future

Chris Mejia
Consolidated Solar

chris@consolidatedsolar.net

consolidatedsolar.net

717-884-2204

Consolidated Solar is a small business that provides mobile solar generators for
a variety of customers including fairs, festivals, construction sites, agricultural
uses, and telecom. Our generators can power a small house, they operate day
and night, they require no fuel, they are completely silent, and they produce
zero emissions. The units are small solar microgrids mounted on a trailer. The
panels produce power from the sun, the energy is stored in a battery, and we
can plug into the outlets to provide power for any number of uses. Mobile solar
generators can replace gas and diesel generators in many applications and we
hope to see greater adoption of this technology as time goes on.

In the aftermath of Superstorm Sandy we had the privilege of working with DC
Solar Solutions, SolarCity, and SolarOne.org to deploy small solar generators to
some of the hardest hit areas. As you know these areas were without power for
weeks. Some families were lucky enough to have small portable gas generators,
these were very noisy, smelly, prone to theft, and required gasoline to operate,
which was difficult to find.

The solar generators that we provided required no fuel and made no noise.
They simply produced clean electricity from sunlight and stored it in batteries
for people to use around the clock, whenever they needed it. Families were able



to charge their cell phones, charge laptops, use hot plates to prepare meals,
operate lighting, and watch movies. A strategy that contributed to the success
of the Solar Sandy Project was a decision made early on to place the generators
in communal areas like parks, shelters, food banks, and other areas where
people were congregating. This allowed us to share this resource with a great
number of people, many whom only needed a small amount of power to charge
their phone or laptop.

Cell phone charging is something we take for granted today. For so many people
cell phones are so much more than a simple phone, they are a lifeline to the
world, to friends and family, to business concerns, and a source of news and
entertainment. The most popular use of our solar generators across the board
was cell phone charging, and it drove this point home for us.

We helieve that on-site power production and storage is an important goal as
we look to the future of energy management, and the ability for a building to
disconnect from the grid in an outage situation has many well documented
benefits. However we mustn’t minimize the benefit of small autonomous power
sources for minimal loads, and we encourage the development of small off grid
solar solutions for cellphone and laptop charging. Small solutions can be placed
next to bus stops, in parks, in front of municipal buildings, police stations, fire
houses, etc.

We look forward to being part of the transition of our energy future, one that
will see more distributed generation and storage, and one that will be less
prone to failures and outages.

These are exciting times.

Thank you



Factors for Evaluating Heating Alternatives in New York State
-DRAFT Work In Progress—

Bob Wyman
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February 26, 2015

Summary

On December 28, 2012, New York State Governor Andrew M. Cuomo issued Executive Order 88
which mandates a 20 percent improvement in the energy efficiency of State government buildings by
April 2020. (20x20)[?] The New York State Energy Plan[?] calls first for a 50% reduction of energy
sector CO» emissions by 2030 (50x30) and then an all-sector reduction in emissions of 80% by 2050
(80x50). Additionally, both the Mayor of New York City and its City Council have accepted the goal of
reducing that City’s carbon emissions 80% by 2050 (80x50).[?]

Reductions in the direct, point-of-use combustion of fossil fuels will be essential in meeting these goals
as fossil fuel combustion is responsible for the bulk of both energy production and carbon emissions in
this State. Today, direct, point-of-use combustion of fossil fuels is generally more expensive than using
electrically powered alternatives. The cost advantage of fossil-free alternatives will only increase as our
easily accessed reserves of fossil fuels are exhausted. Fossil fueled systems also use energy less efficiently
than grid-powered systems, siich as heat pumps, which harvest readily available site-soturced renewable
energy. When combined, the fact that fossil fuels are more expensive, dirtier, and less efficient than the
alternatives means that it is inevitable that we will eventually eliminate virtually all direct combustion
of fossil fuels in buildings as well as in other seciors, such as transportation. It isn’t a question of “if”
we will replace fossil fuels, it a question of “when.” :

In order to rationally plan the achievement of the stated goals, it is necessary to use a variety of factors
that characterize the efficiency and impacts of heating alternatives. This paper presents a number of
such factors and attempts to provide some commentary to explain their utility and implications. These
factors should be used together. No single factor is suitable for addressing the wide range of emissious,
efficiency, and economic goals.

Many of the factors discussed in this document are summarized on page 2. That table contains
factors for estimating:

¢ Total Source Energy Consumption: A measure of the amount of energy required to produce
and deliver a unit of thermal energy to a site.

¢ Fossil Source Energy Consumption: A measure of the amount of fossil sourced energy which
is consumed in the process of satisfying a site’s need for thermal energy. In New York State, fossil
fuel is used for less than 50% of electricity generation.

¢ Renewable Energy Consumption: A measure of the amount of energy, derived from renewable
resources, which is consumed in the process of satisfying a site’s need for thermal energy.

e CO; Emissions: A measure of the COs emissions which will be produced per unit of useful heat
in each of three eGrid sub-regions in the State.[7)

e Social Cost of Carbon: The estimated net present value of damages that will result from
incremental carbon emissions. (Using Federal government standards)

¢ Marginal Cost (fuel costs): The marginal cost, primarily fuel costs, associated with operating
the various heating systems (Not including cost associated with capital financing or maintenance).

Even a quick scan of the computed factors shows that ground source heat pumps (GSHP) are the
most efficient and cleanest alternatives In most areas of the state. In some contexts, GSHP may be
impractical, however, it is clear that they should always be considered and should often be the preferred
alternative.
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Table 1: Summary of Factors for Evaluating Alternative Heating Systems in New York State

Energy Consumed per Unit CO2 Emissions (1bs/kWh) Cents/kWh; | Cents/kWh;
of Useful Heat in eGrid Sub-Region Useful Heat | Social Cost
Heating Source Fossil Renewable] NYC! Upstate Long NYS Avg of CO2

Equipment Type Energy Energy Emnergy Island NYS Avg
Grid Delivered Electricity? 0.66 0.58 1.42 1.12
Energy Star Tier 3 GSHP

Closed Loop Water-to-Air 0.93 .46 0.56 0.18 0.16 0.39 5.5 0.31

Open Loop Water-to-Air 0.81 0.41 (.59 0.16 0.14 0.35 4.8 0.27

Closed Loop Water-to-Water 1.08 .54 0.52 0.21 0.19 0.46 6.3 0.36

Open Loop Water-to-Water 0.95 0.48 0.55 0.19 0.17 (.41 5.6 0.32

DGX3 0.93 0.46 0.58 0.18 0.16 0.39 5.4 0.31
Energy Star ASHP

Split Systems 1.39 0.70 0.45 0.28 (.24 (.59 8.2 0.47

Single Unit 1.43 0.71 0.44 0.28 0.25 0.61 8.4 0.48
Energy Star Furnace

Oil Furnace 1.19 1.19 0 (.65 0.65 0.65 15.9 1.16

Gas Furnace (North) 1.10 1.10 0 0.42 0.42 0.42 5.4 0.74
Installed Alternatives

All Heat Pumps {(Avg) 1.39 0.70 0.45 0.28 0.24 0.59 8.2 0.47

Electric 3.34 1.67 0.22 0.66 0.58 1.42 19.6 1.12

Qil Furnace 1.29 1.29 0 0.71 0.71 0.71 17.3 1.26

Propane Furnace 1.29 1.29 0 0.61 0.61 0.61 16.4 1.07

Gas Furnace 1.28 1.28 0 0.49 0.49 0.49 6.2 0.56

Note: The values shown in this table are discussed at length in later sections of this document.

! New York City shares an eGrid sub-region with Westchester County.
2 The values for Grid Delivered Electricity measure only the emissions produced in generating the electricity and delivering it to the “meter” at
the ultimate site of use.
? “Direct GeoExchange,” alternatively known as “Direct Exchange” or DX.
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1 SUMMARY
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1 Summary

New York State has the second lowest per-capita energy consumption of any US State and the lowest
per-capita spending on energy.[?] Yet, we waste well over half of all the source energy resources that
we consume.l Even though over half of New York’s electricity is generated using “clean” or renewable
resources, we lead the nation in consumption of oil for home heating and we rank fifth in the nation for
total consumption of both natural gas and petroleum. Because we burn so much fossil fuel in this state,
we rank ninth for production of the COy emissions that drive Climate Change.

We can, and must, do better. Doing better will mean doing things differently than we have in the past.
In particular, it is essential that we dramatically reduce, if not eliminate, our reliance on fossil fuels as the
means used to deliver energy to end-use applications. We must transition to an energy system in which
energy is delivered, not as fossil fuel, but as electricity, generated using clean, renewable resources.

Electricity is not the problem Today, only about one-third of New York’s energy demand? is satisfied
by electricity. The bulk of our end-use energy needs, two-thirds of the tofal, is satisfied by fossil fuels —
mostly natural gas and petroleum. That fuel is burned, at point-of-use, primarily to serve our needs for
transportation and heating and is the source of most of our COz and greenhouse gas emissions.? The
burning of that fuel is also the primary source for many of the other pollutants, such as PM2.5 and heavy
metals, whose impact on our health and environment are much more immediate than Climate Change.

While much attention is given to the problem of reducing emissions from the electrical sector, it is clear
that there is much greater potential for emission reductions in the transportation and heating sectors.

Even if our entire electrical sector were converted to clean, renewable resources, that would only elim-
inate 23% of our State’s current COs emissions. If we then used that clean electricity to power our
transportation sector, the result would be a further reduction of emissions by an amount equal to 40% of
today’s total emissions. Using clean power to replace fossil fuels for heating in residential and commercial
applications would reduce emissions by 31% of today’s emissions. Clearly, the greatest opportunities to
reduce emissions are found in the transportation and heating applications. Supplying more and cleaner
electricity is necessary, but it is not sufficient unless we also switch the bulk of end-use demand from fossil
fuels to electricity.

Electric vehicles and heat pumps are inevitable Fortunately, there is nothing about fossil fuels
that uniquely suits them to addressing our needs for transportation and heating.

We know how to produce practical electric vehicles that are more efficient and generate fewer emissions
than fossil fueled vehicles, When the full cost of ownership is considered, there are already electric vehicles
that are cheaper to own and operate than comparable conventional vehicles.? As the electric vehicle
industry matures and grows, this will become commonplace and the cost advantage of internal combustion
vehicles will he lost forever.

We also have decades of experience with electrically powered heat pumps which are more efficient than
fossil fueled alternatives and, in many parts of the country, including New York State, are often much
~ cheaper to own and operate than fossil fueled systems.

As the price of fossil fuels inevitably increases, the cost advantage of electrically powered alternatives
will only grow. As the environmental and health damage from fossil fuel combustion accumulates and
grows more evident, we will become increasingly unwilling to accept the continued use of fossil fuels. The
result is inevitable. We will eventually insist that fossil free technologies replace our existing vehicles and
furnaces.

In Figure 77, which shows data for 2008, wasted energy is shown on the right side as “Rejected Energy.” Usefully consumed
energy is shown as “Energy Services.”

2“Energy Services” in Figure 77

3Gee Figure 77

44Ag a result of federal subsidies and falling battery prices, some models, such as the Mitsubishi iIMiEV and the Nissan
Leaf SE, have an upfront price lower than comparable conventional vehicles. Even more vehicles are cost competitive when
considering the total cost of ownership because they offer considerable fuel and maintenance savings. ” See Figure 3.5 in [7].
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1 SUMMARY

The transition will take time The transition from fossil fuels to cleaner alternatives will take time.
Awareness of the problems caused by fuel combustion is growing slowly and the cost advantage of the more
efficient and cleaner alternates is not yet widely understood. In any case, because vehicles and heaiing
equipment are expensive, we can’t expect existing equipment to be replaced more rapidly than the natural
replacement rate unless there are significant fossil fuel price shocks or new mandates. ‘

In New York State, a building’s heating equipment has a normal life of about 20 years. Thus, we can
expect that about 5% of buildings will normally overhaul their heating/cooling systems in any one year.
For the auto industry, the replacement rate is about 17% per year. We expect cars to be replaced every five
or six years. These rates establish the maximum expected rates at which systems that consume fossil fuels
might be eliminated, however, the actual rates will be much lower unless government acts to encourage
higher rates of replacement.

The Second Great Electrification The First Great Electrification of our nation focused on lighting,
communications, and appliances. It created the industry that now provides a bit less than one-third of the
energy consumed in end-use applications. The Second Great Electrification will focus on our transportation
and heating requirements — the remaining two-thirds of our energy demand. When we're done with this
second phase of electrification, larger than the first, we will have built a society that runs almost entirely
on clean, renewable energy generated with low marginal costs.

Revenue will flow from fossil fuels to electricity The economic impact of the Second Great Electri-
fication will be tremendous and overwhelmingly positive for most of society, but one of the most significant
impacts will be a massive transfer of revenue from the fossil fuel industry to the electric industry.

As noted earlier, two-thirds of the energy purchased for end-use in New York State is delivered in the
form of fossil fuels. The same pattern holds across most of the country. As a result, the fossil fuel producers
top the world’s lists of high revenue businesses and the countries that host large fossil fuel reserves, even
though they often have highly repressive regimes and few other products of value, are among the richest.
Those producers will still have markets for their products even after a complete transition of the energy
sector to fossil fuel free systems, but their sales and revenues will be greatly reduced. They will still provide
much of the feedstock for the massive chemicals and plastics industries, but most of their energy revenue
will have been transferred to others who will provide cleaner energy more cheaply, more sustainably and
in a more distributed fashion.

The transfer of revenue away from the fossil fuel producers may be one of the most significant economic
shifts that we’ll experience during our lifetimes. While much of the money will flow to the large electrical
utilities and their suppliers, much of it will also flow, at least in the form of savings, to the millions of
individuals and businesses who will invest in solar, wind, geothermal or other forms of site-sourced energy
generation.

Later in this paper, it is shown that a conversion from fossil fueled heating to heat pump systems in just
those single-family homes that do not currently heat with natural gas has the potential to increase New
York State electric utility revenues by up to $2 billion per year® while also reducing individual’s annual
energy bills by up to $4 billion per year.® Most of that increased revenue and savings would come as a
result decreased fossil fuel industry revenue.

From pay-as-you-go to pay-for-capacity In a world which relies primarily on fossil fuels, consumers
are able to purchase energy and have it delivered as they need it. They buy energy “Just in Time” or close
to it. Thus, the costs of any fossil fueled system are spread across its lifetime, There is an up-front cost
to purchase the combustion equipment, but that cost is typically quite low compared to the accumulated
marginal cost of fuel purchases over the equipment’s lifetime. For many, this spreading of costs over time
provides a real advantage because it allows deferring the cost of energy investment to a time closer to the
need for energy consumption.

5See: Table 77
68ee: Table 77
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1.1  Plan for this document 1 SUMMARY

A key attribute of the fossil-free energy systems is that they have extremely low marginal costs but
high up-front capital costs. The sun’s light, the wind, geothermal energy and tidal power are all essentially
“free” fuels. The expense of producing clean, renewable energy comes primarily from the up-front cost of
building and installing the equipment needed to “harvest” the bounty of free energy resources. This is true
whether you are building a large, utility-scale wind farm, a roof-top solar panel, or a home’s heat pump
system. With these renewable systems, most of the expensive comes up-front and the marginal costs are
either zero or very low when compared to the marginal costs of fossil fuels.

In a fossil-free world which relies on renewable energy, you, or someone else, will need to pay up-front
for the energy that you will consume over the lifetime of your equipment. These costs will be lower than
those for fossil fueled systems, but they will be timed less conveniently. Since few individuals or businesses
can afford to pay in advance for decades of energy consumption, what we’ll see is that the financial and
leasing industries, who deploy long term capital, will become much more important than they traditionally
have been in the energy business. _

As we move from pay-as-you-go to pay-for-capacity, the economics of the end-use energy market will
begin to look much more like that of the real estate and vehicle markets. When you choose to buy a house
rather than rent, you are choosing to assume the cost of many years of housing rather than paying for
housing a month at a time. If you can afford to buy the house, you might do so. Otherwise, you might
finance the purchase and pay the up-front costs over time. Similar decisions are made when you choose
between hiring a taxi, leasing a vehicle or buying one. In the future, it is likely that the more wealthy
among us will purchase their fossil-free energy systems while the rest of us will seek to lease or finance
them. While this will be a change from today’s custom, it will result in reduced long-term expenses for all
of us, ' :

1.1 Plan for this document

While reducing fossil fuel use for both transpiration and heating is important, the focus of this paper is
on those factors that should be considered when comparing heating systems that rely on direct, on-site
combustion of fossil fuels to those that do not. The combustion-free systems considered here are primarily
those that rely on heat pumps.

This draft of the paper is incomplete. Later versions will expand on and improve the discussion here.
The latest version of the document will be found at: http://goo.gl/ziZojH

1.2 Commenting on this document

Comments on this, or aﬁy other draft are welcome if sent to bob@wyman.us. Please include the date of
the paper in any correspondence.
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2 HEATING ALTERNATIVES

2 Heating Alternatives

A broad range of methods can be used to improve the efficiency of buildings or reduce the emissions that are
associated with their operation. For instance, improvements to building envelopes, more efficient lighting
or the installation of intelligent building energy management systems can all have dramatic impacts on
both a building’s efficiency and its emissions. But, while increased efficiency will reduce buildings’ energy
requirements and thus their need to consume fossil fuels, they do not eliminate that need. In order to
eliminate fossil fuel combustion, we must transition to fossil-free alternatives. Thus, the focus of this paper
is to assess the costs and benefits associated with both fossil fueled and fossil-free heating alternatives.

It will be shown that while there might once have been a time when fossil-fueled heating alternatives
were considered to be the only practical method of heating our buildings, that is no longer the case. Today,
systems that rely on electrically powered heat pumps can satisfy our heating needs with minimal or no
harmful emissions and lower costs compared to fossil fueled systems ~ even when those heat pumps are
powered by electricity delivered by the electric grid and generated, at least in part, by burning fossil fuels.
Heat pump systems that are powered by site-sourced or grid-supplied renewable energy are, essentially,
emission-free.

The four general classes of heating equipment alternatives considered in this paper are:

e New Ground Source Heat Pumps (GSHP) also known as “Geothermal Heat Pumps.”
¢ New Air Source Heat Pumps (ASHP)
¢ New Oil and Natural Gas Furnaces

Installed Systems {Heat Pumps and Oil, Propane, or Gas Furnaces)

In later sections, these classes of equipment will be characterized in terms of their performance, emis-
sions, and cost factors and will be compared to show which among them are likely to produce the fewest
emissions, the lowest operating costs, etc. Ground Source Heat Pumps will be shown to excel in all of the
various comparisons considered in this document.

Metrics for Comparison A confusing variety of metrics are commonly used to describe the performance
of heating equipment or to measure the consumption of energy. The energy inputs and outputs of fuel-based
heating systems are usually measured in units of BTU (British Thermal Units), while those of electrical
systems will typically be measured in kWh (kilowatt-hours). The efficiency of heating systems may be
described using “SEER”, “HSPF”, “BER”, or “COP.” However, in order to make comparisons easier and
more understandable, this paper converts all measures of energy to kWh” and all efficiency metrics to a
common “Coefficient of Performance {COP).”
What is meant by COP and the implications of its definition are dlscussed in the next section.

2.1 Coefficient of Performance (COP)

“COP” or “Coefficient of Performance” is used throughout this paper to describe the efficiency of heating
systems. The COP of a heating or cooling system is a ratio of the heating or cooling provided to the
energy consumed in doing so. COP values are normally shown as decimal numbers (e.g. 3.1, 0.95, etc.).
Higher COPs indicate higher efficiency. The COPs of fossil fuel systems can never rise above 1 (i.e. 100%
efficiency) while the COPs of heat pump systems are normally significantly greater than 1. In fact, they
commonly rise as high as 5 or even 6. '

Moving heat, not making it Some confusion arises because COP values for heat pump systems are
normally greater than 1.0 and so may appear to imply a clearly impossible system efficiency higher than
100%. The confusion is resolved by understanding that heat pumps are used to move energy from one
place to another rather than, as with a combustion system, simply used to convert from one form of energy

1 kilowatt hour = 3,412.14163 BTU




2.1 Coefficient of Performance (COP) 2 HEATING ALTERNATIVES

to another (e.g. Combustion of fossil fuels converts chemical energy to thermal energy). Although the
input electrical energy will be converted to heat and thus add to the output energy, when a heat pump is
operating with a COP greater than 1.0, the bulk of the energy moved is harvested from the environment,
not the input energy. When using a heat pump to heat, the energy harvested from the environment should
be considered “renewable energy.” The portion of renewable energy harvested by a heat pump system with
a COP greater than 1 is calculated as ng 5 L. (e.g. If the COP is 3, then % or 66% of the thermal energy
output came from renewable sources. If the COP is 4, then % or 76% of the output came from renewable
sources.) '

Alternatives to COP COP is not universally used to characterize heating and cooling equipment. A
variety of other measures are commonly used. These include:

¢ AFUE {Annual Fuel Utilization Efficicncy): (Average(Btuoy:/Btus,)) Commonly used to describe
systems that burn fossil fuels such as oil, propane or gas furnaces. AFUE is the average thermal
efficiency of the combustion equipment over a year. Given the constraints of the laws of physics, an
AFUE value will always be less than 100%.

s EER (Energy Efficiency Rating): (Btugy:/W hin) Commonly used to describe air source heat pumps
and air conditioners, the EER is the ratio of output cooling or heating energy (in BTU) to input
electrical energy (in watt-hours) under specific conditions.

e SEER (Seasonal Energy Efficiency Rating): {Average(Btuou/W hin)) SEER is the average EER over
a cooling season. It is the ratio of cooling energy (in BTU) during a typical cooling-season divided
by the total electric energy input (in watt-hours) during the same period. In New York, the cooling
seascn extends from April through September.

e HSPF (Heating Season Performance Factor): (Average(Btuous/W hin}) Similar to the SEER, HSPF
is the ratio of heat energy output (in BTU) over the heating season to the total electric energy (in
watt-hours) consumed. In the New York, the heating season extends from October through March.

Fortunately, all of these measures can be converted to COP values. AFUE is converted to COP simply
by converting the percentage value to a decimal value. Thus, an AFUE of 95% is converted to a COP of
0.95. Any of EER, SEER, or HSPF arc converted to COP by dividing the value by 3.41214. Thus, an
EER, SEER or HSPF of 8.2 would be converted to a COP, or average COP, of 2.4,

It should be noted that AFUE, SEER, and HSPF measure average performance over a period of time
while EER and COP are instantaneous values that measure the performance of a system under specific
conditions. Thus, while EER and COP are easily compared, it is somewhat problematic to compare
either ERR or COP to any of the averages. Comparisons become particularly difficult when comparing air
source heat pumps, which are typically characterized by HSPF or SEER, with ground source heat pumps,
which are typically characterized by COP. During a typical heating season, the outside temperature varies
significantly. While the performance of a ground source heat pump will be relatively constant throughout
the heating season, the performance of an air source heat pump at any particular moment is correlated
with the outside air temperature at that moment.

The impact of climate on SEER and HSPF It is entirely possible for an air source heat pump to
run with a very high EER during milder periods but a very low EER during the coldest periods of the
heating season. Air source heat pumps become proportionately less efficient as the outside temperature
drops. Thus, the average EER (the HSPF) for the air source heat pump might be relatively high if the
coldest periods of the heating season are relatively short or mild. The same variability of performance will
be experienced during the cooling season.

As the outside air temperature increases above the desired inside temperature, the efficiency of an air
source heat pump will drop. An air source heat pump’s cooling efficiency will be lowest at precisely the
time when the outside temperature, and load on the electrical grid, is at its peak. Similarly, an air source
heat pump’s heating efficiency will be lowest when the outside air temperature is at its lowest point.
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Consider two identical buildings with identical air
source heat pump systems. One is located in New
York City and the other is located in Binghamton,
NY. Assuming that both buildings maintain the same
indoor temperature, for any given cutdoor tempera-
ture, the two ASHP systems would operate at pre-
cisely the same EER or COP. However, we would ex-
pect that the New York City ASHP system would
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Average Temperature (°F)

record a lower SEER and a higher HSPF than the 40r

ASHP in Binghamton. , ; N
Figure 77 plots the average temperature in each S ———NeW.York City

city throughout a typical year. Summers are hotter in 20 u ----  Binghamton

New York City than in Binghamton, thus, an ASHP 0l 02 03 04 05 06 07 08 09 10 11 19

in that city will spend more time cooling during peri- Month of Year

ods with higher outside temperatures and thus lower ‘
EERs than an ASHP in Binghamton. Also, the win- Figure 3: Average Temperatures In New York City
ters are warmer in New York City, thus, ASHP units apd Binghamton, NY

in the New York City will spend more of the heating

season running at higher EERs than would ASHP units in Binghamton. The difference in SEER a.nd HSPF
will be entirely attributable to the difference in the climates of the two cities, not to any differences in the
installed equipment.

Formal definitions COP is defined formally using Equation 77 where @ is the amount of thermal energy
(heat) moved to or from some reservoir and W is the “work” or energy consumed by the heat pump in
moving the amount of heat represented by Q.

0 ‘

COP = —= 1

= &
Clearly, if @ is greater than W (i.e. more energy was moved than was consurned in the process of moving
that energy), then the COP will be greater than 1.0.

Maximum Theoretically Possible COP Given Ty, the temperature in degrees Kelvin of a heat
source, and T..q, the temperature of a heat sink, we can use Equation ?7 to compute the maximum
theoretical COP for a perfectly efficient heat pump in heating mode as it moves heat from a heat source
to a heat sink.8

: Thot
COPresting = 2
heating Thot — Tcold ( )
Similarly, the maximum theoretically possible COP in cooling mode can be found using Equation 77:
Tcold
Lreooting = 77—
co cooling Thot o Tcon!d (3)

What these equations imply is that the COP of a heat pump. system will vary as a function of the
difference in temperature between the heat source and the heat sink. COP will be highest when there is no
difference between the source and sink temperatures. COP will decrea.se as the dlfference in temperature
increases.

Using the Equation 77, we can see that the maximum theoretically possible COP for a ground source
heat pump in heating mode would be 33.2 (see Equation 77) if the ground temperature was 56°F (286.5°K)

8Check any physics book for the appropriate derivations.

~A A -
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- and a building’s desired temperature or set point was 72°F (295.4°K). An air source heat pump would
have the same maximum theoretically possible COP if the outside air temperature were also 56°F.

Thoe . 295.4 ) -
hot _ 9 (@)

COPheating = = =352
heating Thot = Teotd - 295.4 — 286.5

If the outside air temperature were 32°F (273 2°K), the ground source heat pump would still operate
at a COP of 33.2 but the air source heat pump’s COP would be reduced to 12.3.

It should be noted that actual heat pumps operate at COPs that are much lower than those which are
theoretically possible for perfect systems. Commonty measured COPs for heat pump systems usually vary
between 1 and 5. Nonetheless, understanding the behavior of these systems in theory allows us to better
appreciate how they operate in the real world. ‘

Comparing GSHP and ASHP COPs To further illustrate the theoretical difference between air-
coupled systems and ground-coupled systems, consider Figure ?? which plots the maximum theoretical
COP for both air source and ground source heat pumps when the building’s set point is at 72°F.

The COP of an air source heat pump varies greatly as the outside temperature moves above or below
the set point while the COP of a ground source heat pump is stable since it is coupled to the ground,
whose temperature is relatively constant whatever the air temperature may be at any point in time. Given -
the plotted conditions, a ground source heat pump will, in theory, operate at a higher COP than an air
source heat pump whenever the outside air temperature is higher than about 90°F or lower than 56°F.

Theoretical Maximum COP
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! \ — GSHP COP
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Figure 4: Maximum Theoretically Achievable COP for Heat Pump Systems

Impact of Ground Temperature on GSHP Performance While ASHP performance is dependent
on outside air temperature, the perforimance of a GSHP unit is dependent on the ground temperature. A
GSHP system when cooling a building, is pumping heat from that building into the ground. Over time,
this warms the ground. A GSHP system, when heating a building, pumps heat from the ground into the
building. This cools the ground. As the ground temperature temperature gets closer to the building’s set
point; the GSHP COP will increase. it will decrease as the ground temperature moves away from the set
point. : ‘
Figure 77 attempts to illustrate these relationships. The top red line repeats the average temperature
plot for New York City as shown previously in Figure ??. During the April to September cooling Season,
the GSHP system will be heating the ground. During the October to March heating season, the GSHP

LIPS T L T T
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system will be cooling the ground. The second, blue line shows the plot of ground temperature over time
for one possible building. The bottom line shows the maximum theoretically possible average monthly
COP for the GSHP system given the average ground temperature during that month.

— Qutside Temp °F
----Ground Temp °F
--- GSHP COP (Not To Scale)
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Figure 5: NYC Ground Temperature and COP Over Time

A properly designed and installed GSHP system will ensure that the ground temperature achieves
a constant average from year to year. If the system’s cooling load doesn’t balance its heating load, the
ground will tend to get warmer from year to year, driving up the average ground temperature and reducing
performance. A similar effect will result if the system’s heating load exceeds the cooling load. The ground
will become progressively cooler and performance will diminish.

2.2 Energy Star Minimum Criteria

The EPA Energy Star program defines minimum performance criteria for Ground Source Heat Pumps|?],
Air-Source Heat Pumps(?] and for both oil and gas furnaces[?]. These criteria are summarized in Table ?77.

Table 2: Energy Star Minimum Criteria Heating Equipment

Energy Star Minimum Criteria for Heating Equipment
Equipment Type AFUE HSPF SEER EER COP
Energy Star Tier 3 GSHP
Closed Loop Water-to-Air 17.1 3.6
Open Loop Water-to-Air 21.1 4.1
Closed Loop Water-to-Water 16.1 3.1
Open Loop Water-to-Water 20.1 3.5
DGX (Direct GeoExchange) 16.0 3.6
Energy Star ASHP
Split Systems 8.2 14.5  12.0 2.41
Single Package & gas/electric package units 8.0 140 11.0 2.341
Energy Star Furnaces
Qil Furnace 85% 0.85!
(Gas Furnace (North) 95% 0.951
Gas Furnace (South) 90% 0.901

1 Not specified by Energy Star. Calculated either by converting AFUE to a decimal or by dividing
HSPF by 3.41214.
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EPA Energy Star minimum criteria are either required by law or are required to qualify for benefits
such as tax incentives. Since it is unlikely that less efficient systems will be installed in the future, these
criteria are a reasonable approximation for the minimum efficiency of new systems. Note: Energy Star
criteria apply only to residential equipment, not commercial or industrial equipment.

Energy Star defines minimum, not normal, values Heat pump and furnace installers typically
install equipment that is more efficient than required by Energy Star. For instance, it is common today to
find Ground Source Heat Pump systems with a COP greater than 4 and even reaching to 5 or 6. However,
the EPA Energy Star Tier 3 minimum COP values relied upon in this document only range from 3.1 to
4.1. In a conservative analysis such as this one, it is best to rely on Energy Star minimum requirements to
ensure validity for all applications.

Adjusting HSPF values for New York’s Climate The HSPF values defined by Energy Star should
not be used, without adjustment, to predict air-source heat pump system performance in New York State.®
This is because they are calculated assuming climate conditions that are not typical of New York State.
As shown earlier, HSPF and SEER. values are dependent on local climate conditions.

The EIA publishes a “Heating Fuel Comparison Calculator” that can be used to adjust standard HSPF
ratings to those expected given local conditions in three New York cities.[?] The adjusted values are shown
in Table 77.

Table 3: Energy Star ASHP COP Values Converted for use in New York

8.0 HSPF 8.2 HSPF
Location Adjusted COP | Adjusted COP
Albany 5.3 1.6 5.4 1.6
Buffalo 0.8 1.7 59 1.7
New York (JFK) 6.6 1.9 6.8 2.0

The HSPF values for systems installed in New York City require less adjustment than those for systems
installed elsewhere in the State. This is because New York City, along with Westchester County and Long
Island, falls within “Climate Zone 4.” The climate conditions used in computing standard HSPF values
are most like those that would be expected to occur in parts of Climate Zone 4. But, even within a single
Climate Zone, there is significant variability of conditions.

Most of New York State falls within either Climate Zone 5 or Climate Zone 6. The division of the
State’s counties into their Climate Zones is shown in Figure 77 on page 77.

To Do: The rest of this paper uses-the standard, unadjusted HSPF values for ASHP performance.
Thus, the performance of ASHP systems in New York State is overstated. The emissions and marginal
costs of AHSP systems are understated. Future drafts of this paper will attempt to select more appropriate
adjusted values for ASHP performance. Howeve1 it is expected that domg so will not 51gn1ﬁcantly change
the relatlve ranking of the alternatives considered here. T

Note to Policymakers: The need to adjust published HSPF and SEER values to local conditions
can.make it difficult to prepare regulations describing state-wide performance targets based on published
equipment ratings. One method for eliminating this difficulty would be to require that installed systems
include monitoring and verification equipment that measures both input and output energy. From this

9[7] states: "The rated/nameplate HSPF from ARI 210/240 is based on the temperature in Climate Region IV (2000-2500
heating load hours) and the minimum Design Heating Requirement (DHR) that is a function of machine heating capacity. ...
Although published HSPFs are linked to this climate, and specifically to 2080 heating load hours, it was never envisioned
that this single value could be used to generically predict performance for all climate locations.”

1 T T LI * . - 4 m ot e ae= TR A N
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Figure 6: New York Climate Zones

Note: The green areas, including Long Island, New York City and Westchester County,
are in Climate Zone 4. The Light Blue areas are in Climate Zone 5 and the Dark Blue
areas are in Climate Zone 6. These classifications conform to the International Energy
Conservation Code (IECC) Climate Regions scheme. If the Building America scheme
is used, then the Climate Zone 4 counties would be classified as "Mixed-Humid” while
counties in Zones 5 and 6 would be classified as “Cold.”[?]

data, actual building-specific HSPTF or SEER values would be derived. Then, laws and regulations could
be written tying rebates, credits, incentives, etc. to the actual system performance rather than to the
theoretical system capabilities.

If policy makers were to determine that an actual HSPF of 10.6 {average COP of 3.1) was sufficient
to justify incentives, they could simply require that those incentives be conditional on the availability of
verifiable system log data demonstrating actual performance.

Alternatively, the incentives could be scaled to increase from a minimum level to some maximum as
system performance increases. The Energy Tax Reform Proposal submitted by US Sen. Baucus might
serve as a model for such scaled incentives.!® In that proposal, systems which were at least 25% or more
superior to average installed systems would be eligible for some incentive. The amount of incentive would
then rise to a maximum in proportion to how much the installed system exceeded the minimum target.

Tying incentives to actual performance would encourage building owners to install the most eflicient,
affordable system rather than tending to prefer the least expensive system that qualifies for incentives. Also,
such a scheme would encourage the use of monitoring equipment and thus facilitate better maintenance
and operation of equipment.

2.3 Installed System Performance — Historical Data Table 4: Old Equipment COPs
The performance values which are used in this document to charac- Equipment Type l COP
terize existing installed systems are taken from EIA reports of aver- Electric Resistance 1.0
age values for equipment that has been historically installed and is Oil Furnace 0.78
still in operation. Propane Furnace 0.78
Because the efficiency of all equipment is improving, the Installed Gas Furnace 0.82

System metrics will always be “worse” than those of new Energy Star

whttp ://www,finance.senate,gov/newsroom/chairman/release/%id=3a90679¢-£8d0-4cb6-b775-cabb8f9lebbd
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2.4 Alternatives Not Analyzed in this document 2 HEATING ALTERNATIVES

Compliant systems. Some installed systems are more efficient than average and others are less efficient.
One should recognize that these average values may not be representative of the metrics that apply to
any specific installed system. Manufacturer’s specifications and operating histories should be consulted.

Distribution of Installed GSHP Units by Type: A recently completed survey sponsored by the U.S.
DOE indicates that the most commonly installed GSHP systems are of the most efficient type: Water-To-
Air.[?] However, this was a national survey and may not reflect actual patterns in New York State.

2.4

Figure 7: Distribution of Installed GSHP Units by Type

Other/Hybrid - 1
DGX -
Water-To-Water -
Water-To-Air/Water
Water-To-Air - | .
0 10 20 30 40 50 60 70 80

Geothermal Heat Pumps Installed (%)[7]

Alternatives Not Analyzed in this document

Not all alternatives are discussed at length in this document aithough some may, in fact, be appropriate
given the special circumstances of specific buildings. Some of the excluded alternatives are listed below:

Wood and other biomass: While biomass may be appropriate in a small number of niche applications,
the social costs associated with large scale reliance on such fuel would prove to be unacceptable. In
order to be “carbon neutral,” biomass may only be consumed at a rate at or below the rate at which
new biomass is created. Thus, its use simply can’t be scaled up enough to replace the tremendous
amount of fossil fuels currently used in our state. In any case, the burning of wood and biomass
produces a variety of pollutants other than carbon. '

Passive House Design:[?] While the principles for Passive ouse design should be more widely fol-
lowed, most practical Passive House systems will require some form of powered heating and cooling
system at least to provide supplemental HVAC or space/water heating during exceptional conditions.
Thus, while Passive House dramatically reduces the need for HVAC energy, it does not eliminate it.
Those building Passive House compliant buildings should still consider the fossil free alternatives
discussed here.

Solar Thermal: Electrically powered solar thermal systems can provide substantial amounts of re-
newable thermal energy for use in HVAC and water heating systems. However, such systems are
typically insufficient to address the full requirements of most buildings. Thus, they are expected
to be used primarily as supplemental source of thermal energy, often in combination with GSHP
systems.

New Electric Resistance: Electric Resistance systems are discussed here only as an existing technol-
ogy that should be replaced in all but niche applications or when used to provide supplemental or
emergency heat.

Combined Heat and Power (CHP): CHP systems increase the efficiency of fuel combustion by ex-
ploiting the waste heat produced while generating electricity. Such systems, particularly when their
electricity is used to power Ground Source Heat Pumps, can be very efficient. However, they appear
to be suitable for only a minority of buildings or in district heating systems.
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. 3 ENERGY CONSUMFPTION

e District Heating and Thermal Mini-Grids: District Heating and Cooling systems, such as the New
York City steam network(?] or the many systems relied upon in Europe, have existed for more.than
700 years, with the first commercially successful modern district heating system deployed in Lockport,
New York in 1877 by Birdsall Holly’s Holly Steam Combination Company.'! While there is a great
potential for such systems, the focus of this paper is on site-specific HVAC alternatives. '

3 Energy Consumption

New York energy consumption is briefly described in the following subsection. In later subsections, a
number of “Energy Consumption Factors” are described and computed in order to allow comparison of
various equipment choices based on the amount of Source, Fossil and Renewable energy that they consume
for each unit of useful heat produced.

3.1 Total Energy Consumption

Residential Market The EIA Residential Energy Consumption Survey for 2009 found 7.2 million resi-
dential households in New York State. Their total energy consumption is summarized in Table 77,

Table 5: New York State Residential Space Heating Fuel Consumption (w/2009 Consumption Rates)

Electricity Qil  Propane Natural Gas All
Total Energy Consumption (QuadBtu) 0.007 0.138 0.006 0.256 0.407
Total Energy Consumption (GWh) 2,051 40,443 1,758 75,026 119,279
Average Energy Consumption (kWh/HH]) 1,368 18,384 17,584 17,863 14,910
Price per kWh (2013 3) 0.19 0.13 0.13 0.05 0.081
Total Cost (2013 § billions) 0.389 5.257 0.228 3.751 9.627
Average Expenditures (2013 $/HH) 2,390 2,286 893 - 1,203
Households (HH) using fuel (millions) 1.5 2.2 0.1 4.2 8%
As Primary fuel 0.5 2.1 4.1 6.7
As Secondary fuel ‘ 1 NA3 0.3 1.3
Total CO; Emissions (miilion metric tons) 0.825 13.025 0.486 16.675 31.012

! HH = Household
2 There were only 7.2 million households found during the 2009 RECS. However, since some households use more

than one fuel, there is some over-counting.
3 Because electric heat is primarily used as a secondary heat source, it doesn’t make sense to compute an average
expenditure. : ‘

Commercial and Industrial Good numbers for the commercial and industrial markets don’t seem to
exist. The most recent published EIA Commercial Buildings Energy Consumption Survey (CBECS)!?
covers 2003. Results for 2012 CBECS are currently scheduled to be published prior to Fall/Winter 2015.

3.2 Source Energy Consumption

It takes energy to generate and deliver energy to an end-use site. For every unit of energy delivered, some
additional energy must been consumed in the process of extracting that energy, converting it to the form in
which it is delivered, transmitting or shipping it, etc. Because of this, any measure of the amount of energy
consumed at a particular site is a very poor measure of the total amount of energy that was consumed in
order to make that on-site consumption possible.

Upttp: //www.districtenergy. org/in-our-second-century-ef-service
2yttp: /fwww. eia. gov/consumption/commercial/index. cfm
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3.2 Source Energy Consumption - : 3 ENERGY CONSUMPTION

If energy is delivered as electricity and is generated by burning fossil or nuclear fuel in order to drive
steam generators, the low efficiency of the steam generators will result in two units of energy being con-
verted to waste heat for every one unit of electricity that is made available for delivery. Steam turbines
in use today typically run with about 33% efficiency. Thus, for every one unit of energy delivered as
electricity, fuel containing three units of “source energy” will be consumed if that electricity is generated
using steam turbines. On the other hand, if electricity is generated using hydro, solar. or wind generators,
that electricity is made immediately available for transmission over the electric grid. As a result, these
non-steam generators are able to deliver close to one unit of electricity for every unit of “source energy”
they produce. Whatever the means for generating the source electricity, there will be some loss of energy
as a result of transmitting that electricity through the electric grid. :

When energy is delivered as fossil fuel for combustion at point-of-use, in order to estimate the amount
of “source energy” consumed, we must adjust the delivered quantity to include the fuel used in delivering
that fuel. For instance, the fuel used in the trucks that delivered the fuel or the energy used to pump the
fuel through pipelines. We should also add in the energy costs of extracting and refining the fuel.

3.2.1 Source Energy Factors

For each type of fuel, or means of delivering energy to an end-use site, we can use “Site to Source Conversion
Factors” or Source Energy Factors to estimate the amount of Source Energy consumed in the process of
delivering each unit of delivered energy. Thus, grid-supplied electricity, oil, gas, etc. will all have their own
Source Energy Factors.

A variety of estimates for Source Energy Factors or Source-To-Site Ratios are in common use. The
most well-known are probably those used by the EPA’s Portfolio Manager system.[?] However, in New
York State, Frecutive Order 88 Guidelines[?] dictates in its Appendix D different factor values to be used
when measuring energy savings in New York State owned buildings.!®

A number of Source Energy Factor estimates are shown in Table 77, The Executive Order 88 Source
Energy Factors are used in this document since they appear to reflect state policy, if not reality.

Table 6: Source Energy Factors (aka: Source-Site Ratios)

Source Energy Factors
Delivered Fuel Type EO 88 [ EPA-PM'| NREL-2007*
Electricity (grid purchase) 3.34 3.14 3.011°
Electricity (on-site Solar or Wind) 1.0 1.0 1
Fuel Oil (#2, #4, or #6) 1.01 1.01 1.158
Propane and Liquid Propane 1.01 - 1.01 1.151
Natural Gas 1.047 1.06 1.092

! National average values used in EPA Energy Star Portfolio Manager.[?]
? Based on NREL study, Revised 2007 (7]
3 New York specific estimate for 2004 from Table B-9 in [7]

3.2.2 Source Energy Consumption Factors

Given these Source Energy Factors and estimates, such as those provided by Energy Star or EIA ratings, for
the efficiency of heating equipment, we can compute Source Energy Consumption Factors for & variety of
heating alternatives. These factors will allow us to compare alternatives according to the amount of Source
Energy that they will consume for every unit of useful heat provided to the building — after considering
all production, transmission, distribution and on-site energy losses. If one is attempting to increase the

1374 should be noted that the EO 88 Source Energy Factor for electricity appears to be rather high for a state like New York
that has such a low percentage of electricity generated by steam turbines. It is likely that the actual Source Energy Factor
for New York’s electricity is much lower than required by EOQ 88. The use of such a high value diminishes the estimated value
of grid-powered solutions while improving the apparent benefits of fossil fueled alternatives.
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3.2 Source Energy Consumption 3 ENERGY CONSUMPTION

efficiency of a building, one should prefer solutions that have lower Source Energy Consumption Factors,
whatever the Source Energy Factor may be for the energy used to power the alternative.
Source Energy Consumption Factors are calculated using Equation 77,

Source EnergyFactor (5)

SystemCOP

For instance, using Equation 77, we can see that the Source Energy Consumption Factor for an existing
Fuel Oil system, which has a Source Energy Factor of 1.01 and a COP of 0.78 in existing installations,
would be % or 1.3. On the other hand, a new heat pump system would have a much higher Source
Energy Factor, 3.34 rather than 1.01, but also a higher COP, perhaps 4.1 rather than 0.78. Given these
numbers, the Source Frergy Consumption Factor for the heat pump would be lower than that for the Fuel
01l system. It would be: % or 0.81. The heat pump system would consume about 37% less source energy
when compared to the oil furnace.

Figure 77 plots the Source Energy Consumption Factor for the various alternatives. All grid-powered
heating alternatives, including ASHP, GHSP, solar thermal, and electric resistance systems, will fall on the
curve plotted in that figure. A subset of the data in tabular form in Table 7?7 on page ?7.

SourceFnergyConsumptionFactor =

5 1.5
£ o0ld Oil (COP 0.78)
= » s New Oil (COP 0.85)
g ° ¢Old Gas (COP 0.82)
Bo1) + New Gas (COP 0.95)
g s Heat Pump (COP 2.4)
5 e Heat Pump (COP 3.1)
2 e Heat Pump (COP 4.1)
2 0.5
<)
=
j€al
3
5

0 1 2 3 4 5 6

Coefficient Of Performance

Figure 8: Source Energy Consumption Per Unit of Useful Heat Output

3.2.3 Relative Source Energy Consumption

The lowest expected Source Energy Consumption will come from installing new Energy Star compliant,
ground source heat pumps. Second best would be to install Energy Star compliant fossil fueled systems.
Air Source Heat Pumps that meet only the minimum Energy Star criteria would not be useful unless the
alternatives were infeasible or if the current heating source was Electric Resistance.

Even though ASHP units appear to be less desirable when only Source Energy consumption is consid-
ered, one should be aware that ASHP units are available that have higher efficiency than the Energy Star
minimums. Such units might suit a building’s needs and allow Source Energy Consumption to be reduced.
On the other hand, ASHP will often require Electric Resistance heat backup to compensate for ASHP’s
reduced efficiency at low temperatures. The use of this backup will increase source energy consumption
during periods of exceptional heating demand. Even so, when factors discussed later in this document,
such as emissions and fossil fuel consumption are considered, ASHP units will be shown to be generally
superior alternatives to systems that rely on direct combustion of fossil fuels even though they will be
ranked lower than GSHP units on all measures other than up-front cost.

For those designing measures to achieve specific minimum reductions, such as the 20% source energy
reduction required by Executive Order 88, it may be more useful to show the percentage reductions in
Source Energy consumed for each of the possible replacement alternatives.
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3.2 Source Energy Consumption 3 ENERGY CONSUMPTION

Table 7: Source Energy Consumption Factors and Ranks for New York State

Site Total Source Energy
Enecrgy

New Heating : Efficiency| Source | Consumed| Consumed

Equipment Type (COP) | Energy | Per Unit | Energy
Factor Heat Rank!

Energy Star Tier 3 GSHP

Closed Loop Water-to-Air 3.6 3.34 0.93 2

Open Loop Water-to-Air 4.1 3.34 0.81 1

Closed Loop Water-to-Water 3.1 3.34 1.08 5

Open Loop Water-to-Water 3.5 3.34 0.95 4

DGX 3.6 3.34 0.93 2
Energy Star ASHP

Split Systems 2:4 3.34 1.39 11

Single Unit 2.34 3.34 1.43 13
Energy Star Furnace

Oil Furnace 0.85 1.01 1.19 7

Gas Furnace (North) 0.95 1.047 1.10 6
Installed Alternatives

All Heat Pumps (Avg)? 2.4 3.34 1.39 12

Electric 1 3.34 3.34 14

Qil Furnace 0.78 1.01 1.29 9

Propane Furnace 0.78 1.01 1.29 9

Gas Furnace 0.82 1.047 1.28 8

1 Rank among the alternatives with “1” indicating the lowest consumption.

2 This “average” COP for heat purnps historically installed in New York State is taken
from the NYSERDA study entitled Energy Efficiency and Renewable Energy Potential
Study of New York State, Volume 2: Energy Efficiency Methodology and Detailed Resulls.
The source of the estimate is not obvious from reading that paper.[?]

‘A relative Source Energy Consumption measure can be computed using Equation 77.

SourceEnergyConsumplionFactorg—;

(6)

RelativeSource EnergyConsumptiongg—1 = Source EnergyConsumptionF actoras

As shown in Table 77, replacing fossil fueled systems with ground source heat pumps provides significant
reductions in Source Energy Consumption. However, il Electric Resistance Heat is currently installed,
then even a conversion to oil or gas heat (if gas service is available) can provide substantial reductions in
Source Energy Consumption even though other impacts would be negative. (e.g. Fossil Source Energy
Consumption would increase and the use of renewable energy would decrease.)

3.2.4 Source Energy Consumption Break Even COP

Given the Source Energy Consumption Factor (SECF) for one alternative and the Source Energy Factor
(SEF) for second, we can compute the COP at which the second alternative will consume the same amount
of Source Energy as the first; when the Source Energy Consumption Factor for the two alternatives will
be the same. This COP value is known as the “Source Energy Consumption Break Even COP” and can
be calculated using Equation 77.

SEF,
(7)

SECFH
Using Equation 77, we can see that the Source Energy Consumption Break Even COP will be 2.578
when we are comparing an electrically powered heating system (having Source Energy Factor 3.34) to an

SECF, = SECF, when COP; =
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3.3 Fossil Source Energy Consumption 3 ENERGY CONSUMPTION

Table 8: Total Source Energy Reductions By Replacing Old Equipment

Total Source Energy Reduction By Replacing Old Equipment

New Heating Old Heat | Electric Oil Propane Gas
Equipment Type Pumps Furnace Furnace Furnace
Energy Star Tier 3 GSHP

Closed Loop Water-to-Air 33% 72% 28% 28% 27%

Open Loop Water-to-Air 41% 78% 37% 37% 36%

Closed Loop Water-to-Water 23% 68% 17% 17% 16%

Open Loop Water-to-Water 31% 71% 26% 26% 25%

DGX 33% 2% 28% 28% 27%
Energy Star ASHP

Split Systems 0% 58% -7% -T% -9%

Singte Unit -2% 57% -10% -10% -12%
Energy Star Furnace

Qil Furnace 15% 64% 8% 8% 7%

Gas Furnace (North) 21% 67% 15% 15% 14%

old oil furnace with COP of 0.78. Any electrically powered heating system with a COP greater than 2.578
will consume less Source Energy than an old oil furnace with a COP of 0.78.
A number of Source Energy Consumption Break Even COP values are computed in Table 77.

Table 9: Source Energy Consumption BreakEven COPs (Assuming 3.34 SEF for Electricity)

0il Natural Gas
0Old New Old New
BE/COP for Grid-Powered System 2.578 2.809 2.616 3.031

3.3 Fossil Source Energy Consumption

The Source Energy Factors discussed in the previous section may be useful in evaluating the efficiency of
a building, but they tell us very little about other factors of interest such as fossil fuel or renewable energy
consumption. Thus, this document suggests consideration of a number of additional consumption factors,
including the Fossil Source Energy Factor, the subject of this section, and the Renewable Source Energy
Factor, which will be discussed later.

3.3.1 Fossil Source Energy Factor

The Fossil Source Energy Factor is a measure of the amount of source energy produced by the combustion
of fossil fuel. Measures which consume less Fossil Source Energy than others will benefit the State by
reducing demand for fossil fuels as well as by reducing the emissions and other externalities associated
with fossil fuel combustion.

Clearly, a fossil fuel’s Fossil Source Energy Factor will be equal to its Source Energy Factor. But, for
systems powered by electricity, the Fossil Source Energy Factor of the electricity delivered to them will
depend on the specific mix of resources used to generate the delivered electricity. If the source of electricity
is site-sourced solar PV, wind, etc. then the Fossil Source Energy Factor will be zero. Computing the Fossil
Source Energy Factor for grid-supplied electricity requires consideration of the grid’s electricity generation
resource mix.

Electricity Generation Resource Mix A Fossil Source Energy Factor for the electricity delivered
in New York State can be found by considering the mix of generation resources used in the State. The
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analyses in this document rely on the EIA eGrid data, most recently reported by EIA for 2010 and shown
in Table 77.

Table 10: Electricity Generation Resource Mix (%), (2010 eGRID Data)

eGRID Region Coal | Oil | Nat | Other All | Nuc- | Hydro | Bio- | Wind| Renew-
Gas | Fossil | Fossil | lear INAass able
NYC/Westchester | 0 1.3 574 0.5 59.2 399 0.5 0 0.5 1
Long Island 0 6.9 855 3.6 96.0 0 4.0 0 0 4
Upstate 15.3 0.8 222 0.3 38.3 28.9 28.2 1.6 2.7 32.5
New York State 9.9 1.5 357 0.7 47.8 306 18.2 1.6 1.9 21.7
United States 44.8 1.0 24 0.4 70.2 19.6 14 6.2 2.3 9.9

When added together, the various fossil sources (Coal, Oil, Gas, and Other Fossil) comprise about
47.8% of electricity generation within the three New York eGrid subregions during 2010. Thus, to compute
the Fossil Source Energy Factor for grid supplied electricity in New York State, one would multiply the
Source Energy Factor of the grid (3.34) by .478 and so arrive at a value of 1.6.

Fossil Source Energy Factors in each of New York’s grid subregions The Fossil Source Energy
Factor for each of New York’s sub-grids can be computed by dividing the Source Energy Factor for electricity
delivered from those sub-grids by the portion of their electricity that is generated from fossil fuel sources.
In reality, each of the New York sub-grids has a unique Source Energy Factor, however, for this analysis, we
will follow the common practice of attributing the same Source Energy Factor to all grid-supplied electricity.
Given this assumption, Table 77 estimates the Fossil Source Energy Factor for electricity delivered by each
of New York’s grids.

Table 11: Fossil Source Energy Factor For Delivered Electricity (using 2010 eGRID Data)

eGRID Region Source Energy Fossil Fuel Fossil Source
Factor Generation % | Energy Factor
NYC/Westchester 3.34 59.2 1.98
Long Island 3.34 96.0 3.21
Upstate 3.34 38.6 1.29
New York State 3.34 47.8 1.60
United States 3.34 70.2 2.34

3.3.2 Fossil Source Energy Consumption Factor

The Fossil Source Energy Consumption Factor measures the portion of consumed energy which is derived
from combustion of fossil fuels and is found using Equation ?7. In general, solutions which have lower
Fossil Source Energy Consumption Factor values should be preferred over those with higher values.

FossilSource EnergyFactor

SystemCOP (8)

Fossil Source Energy Consumption Factors for New York State are plotted in Figure 77 and presentedl in
tabular form in Table 77 on page 77.

FossilSourceEnergyConsumptionFactor =

Generation mix impacts all grid-powered solutions As the grid becomes increasingly fossil-free, its
Fossil Source Energy Factor will decrease proportionally and so will the Fossil Source Energy Consumption
Factor for all applications that rely on grid provided electricity. Thus, once applications have been converted
to reliance on grid-supplied energy, the grid operators and regulators have the ability to take actions that

EIPEN e 4 T T LI 1 . PR s s [ A T ~An .- ~



3.3 PFossil Source Energy Consumption 3 ENERGY CONSUMPTION

g L5 ;
3 o Old Oil (COP 0.78)
RS e New Oil (COP 0.85)
g o Old Gas (COP 0.82)
2 1} + New Gas (COP 0.95) |
5 — Long Tsland
Ei ----New York City
S N N T NY State Average
A - s Upstate
& 0.
=
=
£ 0 : { : : :

0 1 2 3 -4 5 6

Coefficient Of Performance

Figure 9: Fossil Source Energy Consumption Per Unit of Useful Heat Output

will reduce the Fossil Source Energy Consumption Factor for a very large number of energy consumers
without those users even being aware of what is happening.

On the other hand, the Fossil Source Energy Consumption -Factors for systems that rely on direct
combustion of fossil fuels are completely independent’ of reductions in the grid’s reliance on fossil fuels.
While the Fossil Source Energy Consumption Factor for grid-powered systems should be expected to change
over time, the consumption factor for fossil-fueled systems will be constant. For fossil fucled systems, the
Fossil Source Energy Consumption Factor can only be reduced by replacing or upgrading the equipment —
typically at the expense of the equipment owner. '

Just as the Fossil Source Energy Consumption Factor for all grid-powered applications goes down as
the portion of fossil fuels in the generation mix is reduced, the opposite effect holds. If the fossil portion of
grid-power increases, so will the Fossil Source Energy Consumption Factor for all grid-powered applications.

Today, the fossil portion of the generation mix for the New York City/Westchester County grid is very
low. It is so low in large part because the New York City grid gets 39.9% of its power from nuclear power.
If the Indian Point nuclear plant were to be shut down and its portion of the generated power was replaced
by fossil resources, probably natural gas, rather than non-fossil resources such as wind or solar, the Fossil
Source Energy Consumption Factor for all grid-powered applications in New York City would increase
dramatically.

3.3.3 Relative Fossil Source Energy Consumption

The relative benefits of heating alternatives change dramatically when we calculate the potential percentage
reductions in Fossil Source Energy Consumption rather than computing reductions in Source Energy
Consumption as in Section 77. For instance, while replacing existing equipment with ASHP units will
increase Total Source Energy consumption in all cases except when replacing Electric Resistance systems,
in most cases, installing ASHP units will reduce fossil source energy consumption. Similarly, conversions
from existing existing heat pumps to Energy Star compliant oil or gas systems would reduce Source Energy
Consumption but such conversions would increase fossil fuel consumption quite dramatically.
A relative Fossil Source Energy Consumption measure can be computed using Equation 77.

FossilSourceEnergyConsumptionFactoryy_,
FossilSourceEnergyConsumptionEFactory—o

RelativeFossil Source EnergyConsumption,_1 =

The Relative Fossil Source Energy Consumption factors, using New York State average values, are
shown in Table 7. GSHP systems consume between 68% and 72% less fossil source energy when they are
used to replace Flectric Resistance heating systems and consume between 58% and 69% less fossil source
energy when replacing fossil fueled systems.
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Table 12: Fossil Source Energy Consumption Factors for New York State

Site Fossil Source Energy Consumption Factor
Energy

New Heating Efficiency! NYC Upstate Long NY State
Equipment Type (COP) Island Average
Energy Star Tier 3 GSHP

Closed Loop Water-to-Air 3.6 - 0.55 0.36 0.89 0.44

Open Loop Water-to-Air 4.1 0.48 0.31 0.78 0.39

Closed Loop Water-to-Water 3.1 0.64 0.42- 1.03 0.52

Open Loop Water-to-Water 35 . 0.6 0.37 0.92 (.46

DGX 3.6 0.55 0.36 0.89 0.44
Energy Star ASHP

Split Systems 2.4 0.82 0.54 1.34 0.66

Single Unit 2.34 - 0.8 0.55 1.37 0.68
Energy Star Furnace

Oil Furnace 0.85 1.19 1.19 1.19 1.19

Gas Furnace (North) 0.95 1.10 1.10 1.10 1.10
Installed Alternatives

All Heat Pumps (Avg) 2.4 0.82 0.54 1.34 0.67

Electric 1.0 1.98 1.29 3.21 1.60

0il Furnace 0.78 1.29 1.29 1.29 - 1.29

Propane Furnace 0.78 1.29 1.29 1.29 1.29

Gas Furnace 0.82 1.28 - 1.28 1.29 - 1.28 .

3.3.4 TFossil Source Energy Break Even COP

Given the Fossil Source Energy Consumption Factor (FSECF) for one alternative and the Fossil Source
Energy Factor (FSEF) for a second alternative, we can compute the COP at which the second alternative
will consume the same amount of Fossil Source Energy as the first; when the two Fossil Source Energy
Consumption Factors will be the same. This COP value is known as the “Fossil Source Energy Break Even
COP” and can be calculated using Equation ?7. '

FSEF,

FSECF, = FSECF, when COP, = fremrte - (10)

A number of Fossil Source Energy Consumption Break Even COP values are computed in Table 77,

Should Long Island increase minimum COP or decrease Fossil Source Energy Factor? Clearly,
the Fossil Source Energy BreakEven COP values are highest on Long Istand. Equipment installed on Long
Istand must be almost twice as efficient as the State average in order to achieve the same Fossil Source
Consumption levels as are achieved in other parts of the States. This is, of course, because Long Island
uses the highest portion of fossil fuels in its generation mix and thus Long Island’s grid-supplied electricity
has the highest Fossil Source Energy Factor in New York State. As will be seen later, this high reliance
on fossil fuels results in Long Island’s grid-powered solutions producing COy and other emissions at hlgher
rates than in other parts of New York State.

Fortunately, even though the BreakEven COPs for heat pumps on Long Island are high, they are still
lower than the minimum COPs ¢riteria established for GSHPs by Energy Star regulations. Thus, any
Energy Star compliant GSHP installed in place of a fossil fuel furnace on Long Island will, in fact, reduce
the use of fossil fuel for heating.

Those who seek to reduce Long Island’s reliance on fossil fuels to a point similar to that of other parts
of New York State have two primary policy options available to them:
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Table 13: Fossil Source Energy Reductions By Replacing Old Equipment

Fossil Source Energy Reduction By Replacing Old Equipment

New Heating Old Heat ! Electric Qil Propane Gas
Equipment Type Pumps Furnace Furnace Furnace
Energy Star Tier 3 GSHP

Closed Loop Water-to-Air 33% 72% 64% 64% 64%

Open Loop Water-to-Air 41% 78% 69% 69% 68%

Closed Loop Water-to-Water 23% 68% 58% 58% 58%

Open Loop Water-to-Water 31% 71% 63% 63% 63%

DGX 33% 72% 64% 64% 64%
Energy Star ASHP

Split Systems 0% 58% 46% 46% 46%

Single Unit -2% 57% 45% 45% 44%
Energy Star Furnace

Oil Furnace -71% 29% 8% 8% %

Gas Furnace (North) -58% 34% 15% 15% 14%

Table 14: Fossil Source Energy BreakEven COP for Grid-Powered Alternatives in New York State

Fossil BreakEven COP for Grid-Powered Alternatives in NYS

' When Replacing

eGrid Region Qil Propane - Gas
Old New Old New Old New
NYC/Westchester 1.5 1.7 1.5 1.7 . 1.6 1.9
Upstate NY 1.0 1.1 1.0 1.1 1.1 1.2
Long Island 2.5 2.7 2.5 2.7 2.6 3.0
NY State Average 1.3 1.4 1.2 1.4 1.3 1.5

e Require that Long Island residents install heat pumps with higher COPs than would be required in
other parts of the state.

e Reduce the use of fossil fuels in generating electricity on Long Island. (For instance, by adding solar
or wind power to the Long Island grid.)

Either policy can lead to similar reductions in fossit fuel use, however, heat pumps with higher than
normal COPs are typically more expensive than those with lower COPs. Given this, it is likely that the
residents of Long Island will not think kindly of regulations that require them to spend more of their own
money on heating and cooling equipment in order to compensate for the utility’s fossil-heavy generation
mix.

Policies that reduce the use of fossil fuels in generating Long Island’s electricity could be implemented
without requiring that private citizens install exceptionally efficient heat pumps. Also, as will be discussed
later, if Long Island were to install more heat pumps, the revenues of its utility would increase as grid-
supplied electricity replaced point-of-use combustion of fossil fuels and so transferred revenues from the
fossil fuel providers to the electrical utility. This additional revenue would pay for at least some of the
incremental costs of converting to fossil-free generation resources.

Minimal gains today prepare for greater gains in the future Converting from fossil fuel furnaces
to GSHP on Long Island will have a small, but positive impact on reducing fossil fuel use on Long Island
today. But, these immediate reductions in fossil fuel use may not seem sufficient to motivate much effort
in encouraging these conversions. Nonetheless, it is important to remember that once a site has converted
to grid-powered solutions, any future fossil fuel use will be dependent on the Fossil Source Energy Factor
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of the grid. Every building converted means at least one fewer furnaces burning fossil fuel on Long Island.
Given this, it doesn’t make sense to wait until the grid is “clean” before converting buildings to GSHP
heating/cooling. Instead, it would make sense to aggressively convert fossil fuel furnaces to GSHP while
working in parallel to reduce the Fossil Source Energy Factor of the Long Island grid. Then, as the grid
becomes less reliant on fossil fuels, the benefit would be seen in a reduction of the Fossil Source Energy
Consumption Factor for every heat pump on Long Island.

As noted earlier, the transition from a reliance on point-of-use combustion of fossil fuels to a reliance on
electricity will take time. Buildings typically replace their heating/cooling systems only once every twenty
years or so. Thus, the rate of conversion will inevitably be slow. This argues for beginning the conversion
process as soon as possible and accepting the initially limited benefits in anticipation of enjoying higher
benefits in the future, as the Fossil Source Energy Factor for Long Island power is reduced. Any delay in
convérsion simply delays whén the benefits of cleaner electricity production will be fully realized.

3.4 Renewable Source Energy Consumption

Just as it is useful to distinguish the portion of Source Energy generated from fossil fuels from that Source
Energy generated by other means, it is useful to identify that portion of the consumed energy which is
derived from renewable sources. Ideally, ail energy would come from clean, renewable sources.

Renewable Source Energy is usefully divided into at least two categories:

¢ Site-Sourced Renewable Energy: Energy which is produced or harvested from resources available
on or close to the same site where it is consumed. Rooftop solar PV, solar thermal, and various heat
pump systems produce or harvest site-sourced renewable energy.

¢ Grid-Sourced Renewable Energy: That portion of the grid-supplied energy energy whose source
was a renewable energy resource. By adding together the contributions of Biomass, Hydro and Wind,
as shown in Table 77 on Page 77, we find that about 21.7% of grid-supplied energy in New York is
“yenewable.” This will be considered by some to be an underestimation since it does not account for
the renewable energy consumed in the process of refining nuclear fuel.

3.4.1 Site-Sourced Renewable Energy

Although fossil fueled systems will rely on a tiny amount of renewable energy due to their use of grid-
supplied electricity, it is such a small amount that it isn’t worth computing. Much more interesting is the
ability of heat pumps systems to harvest site-sourced renewable energy from their environment — either
the air, ground or water. The amount of renewable energy harvested by these systems, relative to the
delivered energy that they consume, can be computed using Equation ?7.

coP— 1
COP (11)

For example, 66%!* of the heat output of a heat pump with a COP of 3 will be site-sourced renewable
energy while the remaining 33% will have been grid-supplied. Similarly, the output of a heat pump with
a COP of 4 will be 75% site-source renewable energy. )

It should be noted, however, that we are typically concerned with the portion of renewable energy
relative to the Source Energy consumed. The method for calculating this number is discussed in section 77.

SiteSourced Renewable Energy =

3.4.2 Grid Sourced Renewable Energy

When considering a grid-powered system, the renewable energy factor must be adjusted to recognize the
portion of the grid’s source energy that was generated using renewable energy. Tdeally, the grid’s generation
mix would contain only renewable resources and thus any grid-powered system would be able to claim 100%
renewable sources for its output. But, that is not yet the case in any of New York State’s grids. As seen
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in Table 77, only about 21.7% of New York’s power comes from such renewable sources and even then,
most of the use of renewable resources is limited to the Upstate grid. The New York City/Westchester
County grid’s generation mix includes only about 1% renewable resources and the Long Island generation
mix includes only about 4% renewable resources today. One can, of course, expect that the reliance on
renewable resources will increase in the future.

We can use Equation 77 to compute the number of grid-supplied units of renewable energy in each unit

of heat output by a system.

GridSourcedRenewable Energy = SourceEnergyConsumptionFactor » Grid RenewablePortion  (12)

For example, if a grid-powered heat pump system with a COP of 3.1 has a Source Energy Consumption
Factor of 1.08 and the grid has a renewable portion of 21.7%, then 0.23 units of grid-supplied renewable
energy will consumed in producing each unit of the system’s output.

3.4.3 Net Renewable Energy Portion

To compute a system’s net reliance on renewable energy, we need to consider both how much Source Energy
is consumed (see Equation 77} as well as the various sources of renewable energy. Equation ?? shows the
method for computing Net Renewable Energy Portion.

SiteSourced Energy + GridSourcedRenewable Energy (13)
SiteSourced Energy + SourceEnergyConsumptionFactor

NetRenewablePortion =

For example, for each unit of heat output, the grid-powered heat pump system in the example of
Section 77 would consume 0.68 units of Site Sourced Renewable Energy and 0.23 units of Grid Sourced
Renewable Energy for a total of 0.91 units of renewable energy. This would be divided by the total energy
consumed; 0.68 units of Site Sourced Renewable Energy and 1.08 units of grid-supplied Source Energy or a
total of 1.76 units of energy. The resulting Net Renewable Energy Factor would be 0.52 = g:ggi%g = %%.

Computations of Site-Sourced Renewable Energy and Net Renewable Energy Factors are shown in

Table 77 and plotted in Figure 77.

0.8

----Upstate

------- NY State Average
{ |— Long Island
----New York City

Renewable Energy Consumption Factor

1 2 3 4 5 6
Coeflicient Of Performance

Figure 10: Renewable Energy Consumption Per Unit of Useful Heat Qutput

It should be clear from these tables and plots that grid-supplied renewable energy today has a significant
effect on a heating system’s renewable energy portion only in the Upstate grid since only the Upstate grid
includes a significant amount of renewable energy in its grid generation mix. Nonetheless, the fact that
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heat pump systems are so effective at harvesting site-sourced renewable energy ensures that such systems
will exploit renewable energy much more than the alternatives.

Additionally, it should be noted that renewable energy use by ground source heat pumps is very high
even in areas, such as New York Cit and Long Island, whose grids rely today so little on renewable
energy resources. This is because such heat pumps harvest the bulk of their energy from on-site renewable
resources.

Table 15: Renewable Source Energy Consumption Factors for New York State

Site Net Renewable Energy (%)”
Sourced
Heating Renewable] NYC Upstate Long NY State
Equipment Type Energy Island Average
(%) |
Bnergy Star Tier 3 GSIIP
Closed Loop Water-to-Air 72.2 44.3 62.0 46.0 56.0
Open Loop Water-to-Air 75.6 48.7 65.0 50.2 59.4
Closed Loop Water-to-Water 67.7 39.2 58.6 41.1 51.9
Open Loop Water-to-Water 7l.4 43.4 61.4 45.1 55.2
DGX 72.2 44.3 62.0 46.0 56.0
Energy Star ASHP
Split Systems 58.4 30.3 52.4 32.4 44.8
Single Unit 57.3 29.4 51.9 31.5 441
Installed Alternatives
All Heat Pumps (Avg) 58.3 30.2 52.4 324 44.8
Electric 0.0 1.0 32.5 4.0 217

1 Site Sourced Renewable Energy as a percent of total heat output.
2 Renewable energy relative to total energy consumed (Site Sourced + Grid Sourced)
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4 EMISSIONS

4 FEmissions

It is well known that the combustion of fossil fuels produces CO5 emissions that enhance Global Warming
and accelerate Climate Change. Thus, much attention is given to quantifying the impact of these emissions,
now and in the future, as well as on reducing them. Less well known is the fact that fossil fuel combustion
produces a host of other emissions, such as PMa 5, NO,, SOy, etc. which have greater near-term impacts
on health and environment. -

4.1 CO; Emissions

Emissions of pollutants such CO, are a critical factor to consider because of their negatives effects, not
only on the direct producers of those pollutants but on all members of society. Decisions that result in a
reduction of fossil fuel combustion will produce the greatest reductions in emissions.

As shown in Table 77, the majority of all New York State CQOs emissions are the result of direct,
point-of-use combustion of fossil fuels to meet the needs of buildings and transportation. Only 23% of
CO; emissions are produced as a result of generating electricity even though electricity accounts for almost
one-third of all the energy consumed in the State. As noted before, electricity generation is not the
problem... If total emissions are to be reduced, there is much more potential for reductions in emissions
from transportation and heating applications. '

Table 16: COs4 Emission_s From Fuel Combustion in New York State

Fuel Type | Share of Total CO; Emisssions’
Electricity Generation 18%
Net Imports of Electricity l 5%
Transportation 42%
On-site Combustion (Thermal/Heating) 35%

! See: Page 11 in New York Stote Energy Plan 2014, Volume II: Technical Appendiz
re: Impacts and Considerations:|?]

Non-electric emissions reductions may be most cost-effective Not only is it the case that non-
electricity emissions are more than three times larger than emissions from electrical generation, it is often
the case that the cost of reducing emissions from non-electric use of fossil fuels is much lower than the
cost of reducing equivalent emissions in the electricity generation sector. Thus, while reducing electricity
industry emissions might seem to be somewhat easier, given that the industry is state-regulated and has
a much smaller number of installations than the millions of vehicles and buildings in the State, it may be
much more cost-effective to reduce emissions from non-electric applications.

This was recently recognized and emphasized by the New York State Public Service Commission, in
comments on the EPA’s proposed Carbon Pollution Standards for electrical generation units (111(d)). The
New York PSC wrote:

Requiring New York to seek dramatic reductions in the electricity generation sector may ...
have unintended consequences in broader GHG emission reduction policy and strategy. ...

New York, like many other cold-weather states, has a large space heating (or “thermal) load,
the vast majority of which is met through fossil fuel combustion. Unique to New York is the
significantly large portion of this thermal load that is met through petroleum distillate (i.e.,
“heating oil"); in the residential sector this distillate thermal load approaches 30% of all housing
units in the State. When compared to New York's electricity sector, the thermal load sector is
considerably more GHG-intense. To meet the State's overall GHG reduction policy, New York
will be looking to make more “productive” investment in the thermal load sector, achieving
greater levels of GHG reduction per dollar of investment.
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.. if New York is asked to dedicate a disproportionate amount of its limited investment resources
in seeking less productive emissions reduction in the electricity sector, this is likely to sacrifice
a level of investment in the more intensive thermal load sector, eroding progress towards overall
GHG mission reductions.[?]

The impact of CO; emissions is independent of source Although CO;z emissions may be more
intense in one location than another, the effect of COy emissions is global and not dependent on the location
of emission. The impact of each incremental CO» emission is felt over a span of hundreds of years. During
that time, the emitted CO becomes thoroughly mixed in the atmosphere and the oceans. As a result, if
one is concerned about limiting the concentration of COy in the environment, it really doesn’t make sense
to be more. concerned about emissions from one source or location as opposed to any other. The emission
of one pound of CO3 from an electrical generation plant has precisely the same effect as the emission of
one pound of COy from an oil or gas furnace.

Efforts to reduce COy emissions will be most effective if they identify and exploit the most cost effective
means of COs emission reductions.

4.1.1 Grid Electricity Emissions

New York State is served by three eGrid sub-regions. Each of these regions relies on a distinct mix of
generating units whose emissions factors vary dramatically. As has been seen in earlier discussions, Long
Island relies much more heavily on fossil fuels than do other areas of the State. Thus, while state-wide
average emissions factors provide useful information for some purposes, when estimating emissions, it is
most informative to consider the specific location of the site consuming the electricity.

Upstate New York and New York City/Westchester County benefit from some of the cleanest electrical
generation in the country. Thus, grid-powered heating systems installed in those areas will be able to claim
the “nation’s lowest” heating-related emissions. '

The EPA publishes detailed information describing emission factors, or emission rates, for each of
twenty-six electricity grid sub-regions in the United States.[?] Each of these eGrid sub-regions contains a
number of power generation and distribution facilities that are interconnected to form a single source of
power.. While some of the generation facilities in each sub-region are cleaner or dirtier than others, the
power delivered to the end users served by a sub-region is a mix of the power generated by all of the facilities
in that sub-region. As a result, it isn’t necessarily the case that a building sited near a “clean” generator
is using power that is any cleaner than any other building in the same sub-region. When evaluating the
emissions associated with grid supplied electricity, it is appropriate to use the emissions factors for the
sub-region as a whole. :

Source CO, Emissions Factors This document relies on the EPA’s data for 2010 which is the most
recent available. Using procedures defined by the EPA in [7], the eGrid Emissions Factors have all been
adjusted to assume a 5.85% Grid Loss Factor to account for losses in transmission and distribution sys-
tems.'®

Since 2010, it is quite likely that the three eGrid sub-regions!® which serve New York State have
decarbonized somewhat due to re-firing of existing coal plants with natural gas and the addition of new
hydro, solar and wind generation. Thus, the eGrid Emission Factors should be considered conservative.
The Source Emission Factors used in this paper are shown in Table 77.

4.1.2 TFossil Fuel Emissions

The EPA’s Bmission Fuctors for Greenhouse Gas Inventories has been used to estimate the Source Emis-
sions Factors for fossil fuels delivered to a site.[?] These emissions factors must be adjusted to compensate

157he Grid Loss Factor of 5.85% is an average value for the Northeast. Thus, it may not correctly describe New York’s
sub-regions. New York City is likely to have a lower Grid Loss Factor since it is such a compact sub-region.
WNYC/Westchester County, Upstate, and Long Island.
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Table 17: EPA eGrid New York Sub-Regions Source Emission Factors (2010)

Total Output Emission Rates’
eGrid Generation CQOs CH, N,O NO, S0s
Acronym (GWh) | (Ibs/kWh) | (Ibs/GWh)| (Ibs/GWh)| (Ibs/MWh) | (lbs/MWh)
NYC/Westchester 40,917 0.6224 23.81 2.80 0.2692 0.0926
Long Island 12,148 1.3361 81.49 10.28 0.9449 0.56510
Upstate NY 88,552 0.5458 16.30 7.24 0.4225 1.11562
New York State {Avg) 141,617 0.6357 24.06 6.22 0.4230 0.7716
US Average 4,125,847 - 1.2324 24.14 18.26 1.1187 2.6433

! These rates do not include Grid Loss factor adjustment for distribution and transmission losses.
2 Upstate is the only one of the three regions to use any coal.

for the efficiency of fuel use on site. The pre-adjustment values used are shown in Table 77.

Table 18: Fossil Fuel Emissions Factors

Emissions Factors!
Fuel Type COs CHy NoO
(Ibs/kWh) | (Ibs/GWh)| (lbs/GWh)
Fuel Oil (£2) 0.5564  22.57 451
Propane and Liquid Propane 0.4729 22.57 4.51
Natural Gas 0.3991 7.52 0.75

1 Qee: Table 1in EPA Emission Factors for Greenhouse Gas Inventories[?].

Natural Gas isn’t as clean as it looks... Tf is important to recognize that the published emissions
factors for natural gas don’t take into consideration the large quantity of natural gas (methane or CHy)
that is lost through venting and leaks. It is estimated that between one and three percent of total natural
- gas production is released to the atmosphere between the point of production and the point of use.

4.1.3 CO; Emissions Factors

Given a Source Emissions Factor and a site-specific COP value, one can compute the site-specific COq
Emissions Factor by dividing the Source COs Emissions Factor by the efficiency (COP) of on-site energy
consumption as shown in 77.

The emissions factors for various equipment option are shown in Table ?77.

SourceCOyEmissionsFactor

cOP (14)

COyEmissionsFactor =

4.1.4 COQqy BreakEven COP for Grid-Powered Alternatives

When considering grid-powered alternatives, such as heat pumps, one must compare the emissions from
fossil fuel alternatives to the emissions that come from generating, transmitting and distributing the grid-
power. Given the appropriate emissions factors, one can then compute a “BreakEven COP” that shows at
what COP the grid-powered alternative and the fossil fuel alternative will have equivalent emissions. Any
grid-powered alternative having a COP greater than the BreakFven COP will generate fewer emissions
than the given fossil fuel alternative.

The COq Emission BreakEven COP is computed simply by dividing the grid's COy emission factor by
the fossil fuel’s CO, emission factor as shown in Equation 77.

GridEmissionFactor
Fuel EmissionFactor

BreakEvenCOP, = (15)
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Table 19: CO4 Emissions Factors for New York State eGrid Sub-regions

CO2 Emissions (1bs/kWh)
Efficiency | NYC/ Upstate Long
{COP) | Westch- Island
ester '
Grid Electricity
Generated (.62 (.55 1.34
Delivered (est. 5.82% loss) 0.66 0.58 1.42
Energy Star Tier 3 GSHP
Closed Loop Water-to-Air 3.6 0.18 . 0.16 0.39
Open Loop Water-to-Air 4.1 0.16 0.14 0.35
Closed Loop Water-to-Water 3.1 0.21 0.19 0.46
Open Loop Water-to-Water 3.5 0.19. Q.17 0.41
DGX 3.6 0.18 0.16 0.39
Energy Star ASHP
Split Systems .24 0.28 0.24 0.59
Single Unit 2.34 0.28 0.25 0.61
Energy Star Furnace
Qil Furnace 0.85 0.65 0.65 0.65
Gas Furnace (North) 0.95 0.42 0.42 0.42
Installed Alternatives
All Heat Pumps (Avg) 2.4 0.28 0.24 0.59
Electric 1 0.66 0.58 1.41
Oil Furnace 0.78 0.71 0.71 0.71
Propane Furnace 0.78 0.61 0.61 0.61
Gas Furnace 0.82 0.49 0.49 0.49

For instance, as Table 77 shows, the NYC grid emits 0.6224 lbsco,/kWh. An existing oil based
system will consume oil at an efficiency of 78% and, as shown in Table 77, the delivered oil will have an
emissions factor of 0.56 1bsgo, /kWh. An oil based system has a CO; emissions factor of 0.7179 Ibsco, JkWh
(0.56/0.78 = 0.7179). Thus, the CO; BreakEven COP for a grid-powered alternative replacing an oil system
in New York City would be about 0.9 (0.6224/0.7179 = 0.8670).

The GOy BreakEven COP of 0.9 tells us that in New York City, any grid-powered heating system with
a COP greater than 0.9 will produce fewer COz emissions than a typical existing furnace burning No. 2
oil. Given that the least efficient Energy Star compliant heat pump system has a COP of 2.34, any heat
pump system installed in New York City will produce fewer CO; emissions than a typical oil furnace.

4.1.5 Social Cost of Carbon

While measures of the relative amount of carbon emissions have their uses, it is sometimes difficult to get
a sense of the actual impact of those emissions. Few people have a good sense of what it means to emit
a “pound of COy” or what damage might be caused by it over the next several years or decades. We all
know that reducing carbon emissions, as well as emissions of any green house gas or pollutant is a “good
thing,” but that doesn’t help us quantify or understand the benefit of any particular emission reduction.

The EPA, other federal agencies, and a growing number of others use the “Social Cost of Carbon”
(SCC) as a means to estimate and quantify the climate benefits of alternatives. The SCC is an estimate
of the net present value of the economic damage associated with small increases in carbon dioxide (CO»)
emissions, conventionally one metric ton (2204.62 lbs}), in a given year. This dollar figure also represents
the value of damages avoided for a small emissions reduction (i.e. the benefit of a COa reduction.)

The SCC is meant to be a comprehensive estimate of climate change damages; however, given current
modeling and data limitations, it does not include all important damages. As noted by the IPCC Fourth
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Table 20: CO4 BreakEven COP for Grid-Powered Alternatives in New York State

CO2 BreakEven COP for Grid-Powered Alternatives in New York State

eGrid Total Emissions Non-Baseload Emissions’

SubRegion Oil Propane Gas Qil Propane Gas

NYC/Westchester 0.9 1.1 1.4 1.7 2.0 2.5

Long Island 2.0 2.3 2.9 2.2 2.5 3.2

Upstate NY 0.8 1.0 1.2 1.9 2.2 2.7
1 “Non-baseload values should not be used for assigning an emission value for electricity use in carbon
footprinting or GHG emissions inventory efforts. ... Non-baseload emission rates are the output

emission rates for plants that combust fuel and have capacity factors less than 0.8, weighted by
generation and a percent of generation determined by capacity factor. The non-baseload emissions
and generation include only emissions and generation from combustion sources and exclude emissions
and generation from plants that have high capacity factors.”{?]

Assessment Report,!” “it is very likely that [SCC] underestimates” the damages.

A summary of the Social Cost of Carbon estimates used by the Federal Government'® is shown in the
first five columns of Table 77 below. These estimates were generated by using three integrated assessment
models, three discount rates and five scenarios producing 45 separate distributions for the global SCC. In
Table 77, the three “Average” values are based on the average SCC across all models and socio-economic
scenarios. The fourth valie, “95th percentile,” was chosen to represent higher-than-expected economic
impacts from climate change further out in the tails of the SCC distributions. The authors of the Federal -
- study providing these estimates emphasize the importance and value of considering all four SCC values.
However, for the purposes of this paper, we will follow common practice and only use the “3% Average”
SCC estimates.

The SCC values increase over time as the concentration of COs in the atmosphere increases and
additional emissions become more critical. While this means that the benefit of new carbon emission
reductions will be higher in future years, it also implies that delaying the reductions will cost a great deal.
Given that new HVAC equipment, such as oil and gas furnaces, has a lifetime of 20 years or more, any
installation of such equipment today essentially locks in significant, costly and avoidable emissions for 20
years or more, Those choosing to install fossil fueled systems should be aware of the social cost of their
decision.

The last row in Table 77 shows the net present value (NPV) of the annual SCC values for the period
of 2015 to 2050. While the SCC for a single year shows the net present value of the expected damage from
additional emissions in just that year, the NPV in the last row shows the net present value of the damages
that will accumulate over the period if a source of emissions is active throughout that period.

In theory, if society accepts the correctness of the SCC computations, it should be willing to spend
today any amount equal to or less than the NPV of the expected damages in order to eliminate those
damages. Any amount of spending, as long as it is less than the NPV of the damages prevented, would
result in a “profit” to society.

The last five columns in Table 77 show the estimated aggregate Social Cost of Carbon for New York
State from 2015 to 2050 assuming that the space heating fuel consumption mix and volumes remain the
same as those found by the 2009 EIA Residential Energy Consumption Survey.

Social Cost of Carbon for New York Alternatives Given Emissions Factors and a Social Cost
of Carbon, we can use Equation 7? to compute the expected Social Cost of each kilowatt hour of heat
delivered to a building.

SocialCostO fCarbonFactor = COs EmissionsPerkWh x SocialCostO fCarbon (16}

Yhttp://www.ipee. ch/publications_and_data/publications_ipcc_fourth assessment_report_synthesis_report.

htm
¥pttp://www, epa.gov/clinatechange/EPAactivities/economics/scc.html
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Table 21: Social Cost of Carbon, 2015-2050 (2011 Dollars)!-

Discount Rate and Statistic? SCC Assuming 2009 Usage Unchanged’

($/metric ton of CO, emissions)*|  ($ millions/year using 3% Avg. Scenario)
Year | 5% 3% 2.5% 3% Electric® 0Qil  Propane Gas  Annual

Avg Avg Avg 95th Total
2018 13 43 65 128 25 367 21 713 1,315
2019 13 45 66 132 27 584 22 748 1,331
2020 13 46 68 137 27 508 22 766 1,414
2021 13 46 69 140 27 598 22 766 1,414
2022 14 47 71 143 28 612 23 784 1,447
2023 14 48 72 146 28 626 23 302 1,480
2024 15 49 73 150 29 640 24 819 1,513
2025 15 50 74 153 30 654 24 837 1,545
2026 16 51 75 159 30 668 25 855 1,578
2027 16 52 76 162 31 682 26 873 1,611
2028 16 53 7 166 32 696 26 801 1,644
2029 17 54 78 170 32 710 27 909 1,677
2030 17 55 80 173 33 722 27 925 1,707
2031 18 56 81 176 33 724 27 926 1,710
2032 18 57 &2 179 33 737 28 944 1,743
2033 19 58 83 184 34 751 28 962 1,776
2034 19 59 84 187 30 765 29 980 1,808
2035 20 60 85 190 35 779 29 993 1,841
2036 20 61 87 190 36 793 30 1,015 1,874
2037 21 62 89 193 37 307 30 1,033 1,907
2038 21 63 90 - 198 37 821 31 1,061 1,940
2039 22 G4 91 201 38 835 31 1,069 1,973
2040 22 65 92 204 39 849 32 1,087 2,006
2041 24 66 93 207 39 863 32 1,104 2,039
2042 24 67 94 210 40 877 33 1,122 2,071
2043 25 68 95 214 40 891 33 1,140 2,104
2044 25 69 96 217 41 904 34 - 1,18 2,137
2045 26 70 98 220 42 917 34 1,174 2,167
2046 20 72 99 223 42 932 36 1,194 2,203
2047 27 73 100 225 43 946 35 1,211 2,236
2048 27 74 101 229 44 960 36 1,229 2,269
2049 28 75 103 232 44 974 36 1,247 2,302
2050 28 76 104 235 45 088 37 1,265 2,335
NPV3| 277 1,190 1,875 3,671 | 704 15497 579 19,841 36,620

19009 Usage data is from EIA Residential Energy Consumption Survey.

2 UJses simple average emissions for three eGrid sub-regions. Not weighted.

3 Net Present Value using discount rate of the scenario.

4 Does not include the social cost of other emissions such as HFC, CHy4, N2O or PMg 5.
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As shown in Table 77, the Social Cost of Carbon for fossil fueled systems is largely independent of
location, on the other hand, the SCC for grid-powered systems will depend on the fuel mix used for
electricity generation within each sub-region. As expected, the SCC for grid-powered systems is highest
on Long Island, and much lower in the Upstate and New York grids. The SCC for any GSHP system is
lower than that of any ASHP or fossil fueled system.

Table 22: Social Cost of Carbon for New York State eGrid Regions

Social Cost of Carbon (¢/kWh of heat)
Efficiency | NYC/ Upstate Long Statewide
(COP) | Westch- - Island | Average
ester
Grid Electricity
Delivered (est. 5.82% loss) 1.17 1.03 2.51 1.12
Energy Star Tier 3 GSHP
Closed Loop Water-to-Air © 3.6 0.32 0.28 0.70 0.31
Open Loop Water-to-Air 4.1 0.29 0.25 0.61 0.27
Closed Loop Water-to-Water 3.1 0.38 0.33 - 0.81 0.36
Open Loop Water-to-Water 3.5 0.33 0.29 0.72 0.32
DGX 3.6 0.32 0.28 0.70 .31
Energy Star ASHP
Split Systems | 2.4 0.49 0.43 1.05 0.47
Single Unit | 2.34 0.50 0.44 1.07 0.48
Energy Star Furnace ' l
Oil Furnace 0.85 1.16 1.16 1.16 1.16
Gas Furnace (North} 0.95 0.74 0.74 0.74 0.74
Installed Alternatives
All Heat Pumps (Avg) 2.4 0.49 0.43 1.05- 0.47
Electric 1 1.17 1.03 2.51 C 112
Qil Furnace 0.78 1.26 1.26 1.26 1.26
Propane Furnace 0.78 1.07 1.07 1.07 1.07
Gas Furnace 0.82 0.86 0.86 086 | 0.86

Maximum Potential Reduction in Social Cost of Carbon Given an estimate of SCC and estimates
of the amount of space heating load currently served by the various installed systems, we can compute
an estimate of the theoretical benefit that would be achieved by replacing all existing systems with new
Energy Star compliant equipment. Such an estimate, for the New York State residential space heating
market in 2015, is presented in Table 77. Note: This estimate is based on the impossible assumption that
all existing heating systems would be replaced in 2015, Tt would be more reasonable to expect a conversion
over time. Given that about 5% of buildings in the State replace their heating systems annually, 5% might
be a good rate to assume.

4.2 Other Emissions
4.2.1 Health and Mortality

In addition to the Social Cost of Carbon, we should also consider the Social Cost of non-Carbon Pollutants
emitted as a result of fossil fuel combustion. '

To Do:
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4.2 Other Emissions

4 EMISSIONS

Table 23: Potential Social Cost of Carbon Reduction in NY Residential SH Market (2015)

SCC Reduction By Replacing Old Equipment ($millions)
Electric’ 0il | Propane Gas Total
Furnace Furnace Furnace
Current Consumption {QuadBTU)?|  0.007 0.138 0.006 0.256 0.407
New Heating Equipment Type §3 % £ % | 8 % 2 % $° %
No Replacement ‘ -23 0 -510 O | -19 0 -657 0 [-1,198 O
Energy Star Tier 3 GSHP
Closed Loop Water-to-Air 14 61 332 65 | 11 58 316 48 673 55
Open Loop Water-to-Air 15 65 357 69 | 12 63 | 361 85 745 61
Closed Loop Water-to-Water 12 52 304 59 | 10 53 263 40 590 49
Open Loop Water-to-Water 13 57 328 64 | 11 53 308 47 662 54
DGX . 14 61 332 65 | 11 58 316 - 48 673 55
Energy Star ASHP
Split Systems 10 . 43 247 48 | 7 37 | 158 24 423 35
Single Unit : 9 39 | 239 46 | 7 37 | 143 22 | 399 33
Energy Star Furnace
Qil Furnace ' -7 -3 41 . & -2 -11- 1 -224 -34 | -186  -15
(Gas Furnace (North) 8 74 2 411 6 32 91 14 | 328 27

1 These values are somewhat overstated since EIA includes existing heat i)umps in their estimates of Electric heat.
2 QuadBTU is an abbreviation for “quadrillion BTU,” the equivalent of 293 billion kWh or 293 TWh. Esti-
mates taken from EIA Residential Energy Consumption Survey for 2009, Table CE4.2 http://www.eia.gov/
consumpt1on/re51dent1al/data/2009/1ndex cfm'?v1ew—consumpt10n#end use-by-fuel

3 Millions of dollars.

e PMy5 5 Ermssmns Con51der using BenMap['f’} data. probably RSM method to compute cost of PM2 5
emissions. . _

Y Clean Heat program in New York: Clty addressed only 1% of city’s bulldmgs yet reduced mortahty
rate by 700—|— per year. Use GHG Inventory data to show progress :

LTy T . 1 . P 44 . - . — P | P T -~



5 COST FACTORS

5 Cost Factors

Whatever an alternative’s benefits or impacts may be, its acquisition must be financially feasible. Ideally,
an alternative would offer a lower Levelized Cost of Energy (LCOE) as a result of low up-front capital
costs and low to zero marginal costs. But, in order for it to be “affordable,” the timing of expenses must
meet the constraints of the funder’s cash flows. Thus, there are several financial metrics that must be
considered:

e Marginal Costs: The costs associated with operating the asset. Primarily “fuel” costs.
o Capital Costs: The cost of initially purchasing or acquiring the asset.

o Affordability: Largely driven by the timing of required payments. For instance, high up-front capital
costs can make a system with low LCOE unaffordable for those who don’t have sufficient free cash
or the ability to borrow it.

Of the alternatives discussed in this paper, Ground Source Heat Pumps will have the highest up-front
capital costs but the lowest marginal costs. The Fossil Fuel alternatives will typically have low up-front
capital costs but high and volatile marginal cost of operation due to the need to purchase and consume
expensive fossil fuel.

5.1 Fuel Costs

“Fuel” costs, either fossil fuels or electricity, make up the bulk of marginal costs for heating and cooling
systems. For fossil fueled or electric resistance systems, fuel costs will also make up the bulk of all costs over
the lifetime of the equipment. For heat pump systems, fuel costs will constitute a much smaller percentage
of total costs.

5.1.1 Historical Fuel Costs

EIA data reporting the average cost for various fuels and electricity during the 2013/2014 Oct-March
heating season was used when computing fuel costs. The fuel costs used in this report, and those of
several previous years, can be seen in Table 77 and in Figure 77. All costs are converted to ¢/kWh to add
consistency and make comparisons easier.

Table 24: New York Average Fuel Prices during Heating Season (2005-2014)}

New York Average Heating Season Fuel Prices (Oct-Mar)'

Heating Season | Electricity Oil Propane Natural Gas
(Oct-Mar) ¢/kWh | $/gal ¢/kWh | $/gal ¢/kWh | $/therm ¢/kWh
2005/2006 16.77 2.62 8.26 2.26 8.44 1.76 7.32
2006/2007 16.37 2.53 7.98 2.27 8.48 1.46 6.08
2007,/2008 17.03 3.39 10.69 2.81 10.50 1.58 6.57
2008,/2009 16.86 2.80 8.83 2.83 1057 1.60 6.66
2009/2010 17.57 2.97 9.37 2.85 10.65 1.39 5.78
2010/2011 17.77 3.50 11.04 3.11 11.62 1.33 5.53
2011/2012 17.32 4,12 13.00 3.22  12.03 1.33 5.53
2012/2013 18.05 430 13.56 2.87  11.10 1.20 4.99
2013/2014 19.61 4,26 13.41 3.43 12.81 1.22 5.08
2014/20159 na 3.62 11.42 2.87 10.72 na na

1 il data:[?], Propane:[?], Gas: [?]
92014/2015 data is incomplete. No gas data available. Others are only through Dec 15.
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5.1 Fuel Costs 5 COST FACTORS

r

Different fuel cost factors would have been used if another time period or an average of recent heating
seasons had been used.’® Also, cost factors vary considerably within the state, particularly in those areas
whose electricity providers offer special pricing or incentives to encourage one or another form of heating
system.

Figure 11: Price per Delivered kWh (2005-2013)

Fuel Price per Unit of Useful Heat

s e Oil (COP 0.78)
16 |- ~#-  Propane (COP 0.78)
—o GSHP (COP 3.1)

= 14 - GSHP (COP 4.1)
E 121 —o— Natural Gas (COP 0.82)
& i —
=~ 10}
g
£ 8

6 .

4l ¢

P TS S S

Note: See Figure 7? on Page 77 to see prices adjusted to a common base of §/kWh
useful heat. :

Fuel Price Volatility The price of most fossil fuels has varied significantly over time, much more than
has the price of grid power. This pattern of low price volatility for grid supplied energy and high price
volatility for fossil fuel prices is almost certain to continue in the future. Already, over 50% of New York's
grid supplied power comes from renewable resources such as wind, solar and hydro that have very low
marginal costs. Thus, the grid’s exposure to the volatility of fossil fuel prices is dampened. As the grid
comes to rely more and more on low marginal cost resources in the future, its price volatility will be
reduced. Future changes in grid prices are most likely to be more driven by requirements to incur capital
expense or by changes in the utilization of the grid’s fixed assets.

Fossil fuel prices, on the other hand, are very much influenced by political events and considerations
and are regularly impacted by decisions of foreign governments or cartels to influence global economic
affairs. The susceptibility of US fossil fuel prices to these foreign concerns is, of course, only expected to
increase if the law is changed to permit increased exportation of the US’s fossil fuel resources.

Thus, planners must take into consideration the volatility of prices as well as their absolute level at any
particular moment.

5.1.2 Fuel Cost per Unit of Useful Heat

From simple price data, we can see evidence of the volatility of costs, however, in order to compare costs
between alternatives, we must convert the costs to a common unit such as Fuel Cost per Unit of Useful
Heat produced by the heating system. This is done by dividing the per unit cost of fuel, as delivered, by
the COP of the alternative used to consume that fuel. Equation 77 shows the method of calculation.

1903] costs for the 2014/2015 heating season will be much lower than in recent years due to over-production by OPEC. But,
there is little question that oil prices will rise again in the future once the goals of those setting OPEC policies have been
achieved.
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5.1 Fuel Costs 5 COST FACTORS

FuelCostiyiy,

COP

The Fuel Cost per Unit of Useful Heat for the alternatives considered is shown in Table 77 and plotted
in Figure ?7.

Oil and propane systems have had significantly higher fuel costs than GSHP systems for quite some
time, although the recent temporary drop in oil prices will undoubtedly decrease the degree to which oil
is more expensive for at least the 2014/2015 heating season.

The cost to fuel Natural Gas systems, once almost twice as high as that of GSHP systems, has fallen
since 2009 and now equals the cost to fuel the least efficient Energy Star compliant GSHP systems.

FuelCostPerUnitUsefulHeat = (17)

Table 25: Fuel Cost per Unit of Useful Heat in New York State (2013/14)

Cost Per Unit
(cents/kWh)
Efficiency| Delivered | Useful Rank
(COP) Energy Heat
Energy Star Tier 3 GSHP
Closed Loop Water-to-Air 3.6 19.6 5.4 3
Open Loop Water-to-Air 4.1 19.6 4.8 1
Closed Loop Water-to-Water 3.1 19.6 6.3 7
Open Loop Water-to-Water 3.5 19.6 5.6 5
DGX 3.6 19.6 54 3
Energy Star ASHP
Split Systems 2.4 19.6 8.2 8
Single Unit 2.34 19.6 8.4 10
Energy Star Furnace
Oil Furnace 0.85 13.5 15.9 11
Gas Furnace (North) 0.95 5 5.4 2
Installed Alternatives
All Heat Pumps (Avg)} 2.4 19.6 8.2 9
Electric 1.0 19.6 19.6 14
0il Furnace (.78 13.5 17.3 13
Propane Furnace 0.78 12.8 16.4 12
Gas Furnace 0.82 5.1 6.2 6

5.1.3 Relative Fuel Costs

The relative savings achieved by selecting one fuel over another is shown in Table 77.

5.1.4 Maximum Potential Fuel Cost Savings

A 2010 study by researchers at ORNL[?] estimates that replacing all existing space heating, space cooling
and water heating equipment in all existing single-family homes in the nation would result in annual savings
of $52.2 billion in energy expenditures, a 48.2% reductions in such costs.

The portion of those savings that are available to residents of New York are substantial, given that
New York is not only a populous state but also the state that consumes the most heating oil each year.
A rough estimate of the total fuel cost savings available to New York residents is shown in Table 77 for
the varicus alternatives. Clearly, for those buildings that convert to GSHP rather than other alternatives,
there would be additional savings as a result of higher efficiency cooling and, potentially, water heating.
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5 COST FACTORS

Table 26: Relative Fuel Cost Savings for New York State (2013/14 Heating Season)

Fuel Cost Reduction By Replacing Old Equipment

Old Heat Electric Qil Propane Gas
Pumps Furnace Furnace Furnace
Current Fuel Cost (¢/kWh) 7.9¢ 19¢ 16.7¢ 16.7¢ 6.1¢
New Heating Equipment Type & % ¢ % ¢ % ¢ % ¢ %
Energy Star Tier 3 GSHP
Closed Loop Water-to-Air 2.6 33 137 72 | 114 68 | 114 68 8 13
Open Loop Water-to-Air 3.3 41 144 76 | 120 72 (120 72 | 15 24
Closed Loop Water-to-Water | 1.8 23 129 68 |10.6 63 | 105 63 0 -1
Open Loop Water-to-Water 2.5 31 136 71 | 11.2 67 | 11.2 67 NG 11
DGX 2.6 33 | 137 72 | 114 68 {114 68 .8 13
Energy Star ASHP
Split Systems 0 4] 11.1 58 88 53 | 88 53 |-18 -30
Single Unit -0.2 -2 14.9 57 8.6 5l 8.6 51 | -2.0 -33
Energy Star Furnace
01l Furnace -7.4 93 3.7 20 14 8 14 g8 |-92 -151
Gas Furnace {North) 2.7 34 (137 72 |114 68 |114 68 .8 14

Table 27: Annual Energy Bill Savings After Replacing Old Equipment

Reduction in Energy Spending After Replacement (§ millions)

New Heating Electric 0il Propane Gas Total of
Equipment Type Furnace Furnace Furnace Viable!
Current Spending (§ millions} 390 5,258 229 3,751 9,627
Energy Star Tier 3 GSHP

Closed Loop Water-to-Air 2822 3,593 156 504 “ 0 4,030

Open Loop Water-to-Air 295 3,796 165 900" v 4,256

Closed Loop Water-to-Water 264 3,324 145 -19 3,733

Open Loop Water-to-Water 278 3,545 154 4127 3,978

DGX 282 3,593 156 504 4,030
Energy Star ASHP

Split Systems 227 2,761 120 -1,117 3,109

Single Unit 223 2,699 117 -1,239 3,040

1 Only those conversions considered “economically viable” are summed in this column. Those conversions not
considered likely to occur are marked with shading in the table.
2 Shaded cells mark potential conversions that are unlikely to occur since they are not economically viable
without changes to costs or significant increased state incentives. (e.g. GSIHP installations must generate
sufficient savings to pay up-front capital costs.)
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5.2 Capital Costs 5 COST FACTORS

Figure 12: Price per kWh of Heat (2005-2013)

Price per kWh of Useful Heat
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Note: Fuel prices have been adjusted to a common unit of useful heat to make com-
parison easier. See Table 77 for the actual, unadjusted price history.

5.1.5 Fuel Cost BreakEven COP for Grid-powered Alternatives

Table 77 shows the COP at which any grid-powered alternative has lower fuel costs than a fossil-fueled
alternative. The BreakEven COP is computed by dividing the cost of grid-supplied power by the efficiency
adjusted cost of fuel consumed by the alternative. See Equation ?7.

GridPowerCost
FuelCost | Fuel BurningEquipmentCOP

Given that the least efficient Energy Star compliant GSHP has a COP of 3.1, any Energy Star compliant
GSHP system will have lower fuel costs than the alternatives in all cases except when replacing new, Energy
Star compliant natural gas furnaces. However, there exist many GSHP units which are more eflicient than
the Energy Star minimum and that will have sufficiently high COP so that they will cost less to operate
than any fossil fueled alternative.

CostBreak EvenCOP = (18)

Table 28: Fuel Cost BreakEven COP for Grid-Powered Alternatives in New York State

Fuel Cost BreakEven COP for Grid-Powered Alternatives in New York State (2013/2014)
Replacing Old Equipment Replacing New Equipment’

Oil Propane Gas 0il Propane Gas
Grid Powered @ 19¢/kWh 1.10 1.16 3.06 1.19 1.41 3.55

! Energy Star Compliant

5.2 Capital Costs

While ground source heat pumps are the “best” alternative in many cases, they also have the highest capital
costs — primarily due to the expense of the ground heat exchanger. However, those costs are reduced by a
variety of State, local, utility, and Federal benefits and incentives.

Federal tax incentives include a 30% tax credit for residential installations and a 10% tax credit for
commercial or third party owned systems. Commercial and third-party installations may also take advan-
tage of five-year property classification for Federal MACRS depreciation which has a present value as high
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5.2 Capital Costs 5 COST FACTORS

as 28%. Thus, commercial and third-party owned systems have up to 38% of their costs covered by Federal
incentives before other incentives are considered.

To Do: Cap1tal Costs for GSHPS in New York are hard to discuss since there appear to be no reliable
‘surveys of those costs at present and because drilling or trenching expenses vary dramatic depending
on local geological conditions and maturity of the local market (e.g. Prices are lower when there is
competition). Efforts are being made to get good, Statewide estimates of costs and will be incorporated
into future drafts.
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6 IMPACT ON UTILITIES

6 Impact on Utilities

6.1 Baseload Demand Growth

Replacing fossil fueled equipment with electrically powered equipment will generate additional revenue for
electricity producers at the expense of fossil fuel producers. The additional demand on electrical generators
will be seen primarily as an increase in non-peak, baseload demand. This increased revenue will tend to
reduce the pressure to increase electricity rates in the future and thus benefit all users of electricity. In fact,
it is entirely possible that if large numbers of fossil fuel burners were converted to grid-supplied energy,
the result could be reductions in electric rates.

Conversions are unlikely to occur when they are not “cost-effective” without increased subsidies or
third-party ownership. Such conversions, those from existing natural gas to new heat pumps, would either
increase home owner’s costs or would not generate sufficient annual savings to cover the cost of up-front
capital or risk associated with increased indebtedness with an acceptable return on investment.

While increases in actual baseload demand, and the revenues expected from them, will depend entirely
on the pace of conversion and the mix of new technologies chosen, it is useful to compute the maximum.
technically feasible growth in electricity industry revenues. This is done in Table ?7 which shows that an
increase in spending on the order of $2 billion (about 10% of current annual spending) would result from
cost-effective conversions. In that table, the revenue impact potential of all conversions options is shown.
Those conversions unlikely to occur, because they are not cost-effective, are shown with shaded text.

Table 29: Change in Residential Electric Space Heating Spending After Replacing Old Equipment

Change in Electricity Spending After Replacement ($ millions)

New Heating Electric Oil Propane Gas Total of
Bquipment Type Furnace Furnace Furnace Viable!
Current Spending ($ millions) 390 5,258 229 3,751 5,877
Energy Star Tier 3 GSHP

Closed Loop Water-to-Air -2822 1,665 72 3,247 1,456

Open Loop Water-to-Air -295 1,462 64 2,851 1,231

Closed Loop Water-to-Water -264 1,933 84 3,771 . 1,753

Open Loop Water-to-Water -278 1,713 74 - 3,340 1,509

DGX -282 1,665 72 3,247 1,456
Energy Star ASHP

Split Systems -227 2,496 109 4,868 2,377

Single Unit -223 2,559 111 4,990 2,447

! Only those conversions considered “economically viable” are summed in this column. Those conversions not
considered likely to occur are marked with shading in the table.

2 Shaded cells mark potential conversions that are unlikely to occur since they are not economically viable
without changes to costs or significant increased state incentives. (e.g. GSHP installations must generate

sufficient savings to pay up-front capital costs.)

To Do: Need similar calculations for commercial and industrial spending changes.

6.2 Increased Asset Utilization

Because utilities must size their infrastructure to handle peak load conditions, they experience less than
optimal asset utilization whenever they experience non-peak demand. Non-peak demand conditions are,
of course, the normal state for an electricity grid. In many areas, peak load only occurs for a few hours
each year, yet the grid must be capable of satisfying that peak load.

Any increase in baseload demand, as long as it doesn’t also cause an increase in peak demand, will result
in higher utilization asset levels and thus higher profitability of fixed cost assets. This higher utilization
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level will result in reduced pressure to increase rates and may even ailow utilities to reduce rates.

6.3 Decreased Peak Demand

Winter Peak In New York State, as in most other states, peak electricity demand normally occurs on
the hottest days of.the summer months, when heating is not an issue. However, in some parts of New
York, particularly those that rely heavily on cheap municipal electricity to power electric resistance heaters,
there are also “Winter Peaks,” on particularly cold days. Given that GSHP units are between three and
six times more efficient than Electric Resistance heaters, the retrofitting of existing resistance heaters to
GSHP units should dramatically reduce the severity of Winter Peak conditions.

Summer Peak Although this paper primarily focuses on issues related to heating, it should be remem-
bered that ground source heat pumps, because their COP is not linked to external air temperature, are
more efficient at providing cooling during the peak load conditions that normally occur on very hot summer
days. Increased cooling efficiency during peak periods reduces the difference between peak and baseload
"demand and thus reduces the pressure on utilities to incur the capital cost of developing increased peak
capacity. '

While increased baseload demand allows utilities to better utilize existing assets, decreased peak demand
will allow utilities to invest less in additional peak capacity that will be rarely utilized. The result is lower
pressure to increase rates, increased profits for the utilities and perhaps even lowered rates. '

The value of reduced summer peak demand is significant. As an example, consider that Conkd has pro-
posed paying up to $150 million in order to eliminate 41 megawatts of peak demand in the Brooklyn/Queens
Demand Management project. Thus, they are offering to pay $3.65 per watt of reduced demand. Given
that installation of a GSHP unit in a residential unit in that area would reduce summer peak load by
between 1.5kWh and 2.0kWh, if ConEd were to pay for conversions to GSHP, then they should be willing
to pay between $5,487 and $7,317 of the conversion costs per building. That is a substantial portion of the
cost of conversion, particularly when combined with the existing Federal tax incentives.

It can also be noted that PSEG, which operates the Long Island Power system, has a program which
subsidizes GSHP installations.[?] They plan to spend about $1.50/watt for reductions in residential demand
and $2.25/watt for commercial demand reduction.

7 Statewide Impact
This section needs considerable work.

7.1 Balance of Payments

In New York State, expenditures on electricity tend to stay in-state while expenditures on fossil fuels tend
to flow out-of-state. {See: Table 77) Thus, a transfer of revenue from the fossil fuel industry to the electrical
industry will result in increased spending within New York, even if total spending on fuel is reduced.

Table 30: Out-of-State Energy Expenditures (§ Millions 2012)?

Fuel Type | Total Out-Of-State % Out-of-State
Coal 110.8 94.2 85%
Natural Gas 7,297.3 3,596.3 49%
Gasoline 19, 561.8 15,917.6 81%
Other Petroleum 15,235.5 12,939.5 85%
Electricity 21,683.8 6, 369.6 29%
Total 63,865.3 38,917.1 61%

L See: NYSERDA Patterns and Trends: New York State Energy Profiles:
1998-2012.
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7.2 Jobs

Since much of the GSIP installation cost is labor, and those cdosts are higher than for alternatives, con-
verting to GSHP will increase employment.

References

[BG13]

Elizabeth C. Battocletti and Willlam E. Glassley. Measuring the Costs and Bene-
fits of Nationwide Geothermal Heat Pump (GHP) Deployment — Final Report, Febru-
ary 2013. http://cgec.ucdavis.edu/files/2014/08/08-28-2014~DE~EE0002741_Finaly
20Report_28%20Feb%202013.pdf Results of a three year effort to evaluate the costs/benefits
of GHP installation in the 30 largest U.S. metropolitan regions.

[BMG*14] Nichola Bianco, Kristin Meek, Rebecca Gasper, Michael Obeiter, Sarah Forbes, and Nate

[Con]
[Cuo]

[DQ12]

[DT07]

[EIAa]
[EIAD)]

[EIAc]

(EIAd)

[EIAg]

[EPAa)

[EPAb)

[EPAc]

[EPAd]

Aden. Seeing is believing: Creating a new climate economy in the United States, October 2014.
http://www.wri.org/sites/default/files/seeingisbelieving_working_paper.pdf.

ConkEdison. A Brief History of ConEdison Steam. http://www.coned.com/history/stean.asp.

Governor Cuomo. Executive Order 88 Guidelines. http://www.nypa.gov/BuildSmartNY/
Guidelines.pdf. Accessed: 19-Dec-2014.

Art Diem and Cristina Quiroz. How to Use eGRID for Carbon Footprinting Electricity Pur-
chases in Greenhouse Gas Emission Inventories, July 2012. http://www.epa.gov/ttn/chief/
conference/ei20/session3/adien. pdf.

M. Deru and P. Torcellini. Source Energy and Emission Factors for Energy Use in Buildings,
June 2007. http://www.nrel.gov/docs/fy070st1/38617.pdf.

EIA. Heating Fuel Comparison Calculator. http://www.eia.gov/tools/fags/heatcalc.xls.

EIA. New York Price of Natural Gas Delivered to Residential Consumers (Dollars per Thousand
Cubic Feet). Monthly data, http://tonto.eia.gov/dnav/ng/hist/n3010ny3m. htm.

EIA. State Rankings: New York State — Energy Consumption and Expenditures. http://wwy.
eia.gov/state/data, cfm?sid=NY#ConsumptionExpenditures.

EIA. Weekly New York No. 2 Heating Oil Residential Price (Dollars per Gallon). http://www.
eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=W_EPD2F_PRS_SNY_DPG&f=W.

EIA. Weekly New York Propane Residential Price (Dollars per Gallon). http://tonto.eia.
gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=W_EPLLPA_PRS_SNY_DPG&f=W.

EPA. eGRID Website. http://www.epa.gov/cleanenergy/energy-resources/egrid/. The
Emissions & Generation Resource Integrated Database (eGRID)is a comprehensive source of
data on the environmental characteristics of almost all electric power generated in the United
States.

EPA. Energy Star Furnaces Key Product Criteria. http://www.energystar.gov/index.cin?
c=furnaces.pr_crit_furnaces.

EPA. Energy Star Geothermal Heat Pump Key Product Criteria. http://www.energystar.
gov/index .cIm?c=geo_heat.pr_crit_geo_heat_pumps.

EPA. Environmental Benefits Mapping and Analysis Program (BenMAP). http://www.epa.
gov/air/benmap/.

e TV T LI 1 . - ‘4 — 4 a—= T P



REFERENCES REFERENCES

LI

[EPAe] EPA. EPA Energy Star Air-Source Heat Pumps and Central Air Conditioners Key Product
Criteria. http://www.energystar.gov/index.cfm?c=airsrc_heat.pr_crit_as_heat_pumps.

[EPA13] EPA. EPA Energy Star Portfolio Manager Technical Reference Source Energy, J uly 2013. https:
//portfoliomanager.energystar.gov/pdf/ref erence/Source¥20Energy.pdf.

[EPA14] EPA. Emission Factors for Greenhouse Gas Inventories, April 2014. http://www.epa.gov/
climateleadership/documents/emission~factors.pdf.

[FWPL04] Philip Fairey, Bruce Wilcox, Danny S Parker, and Matthew Lombardi. Climatic Impacts on
Heating Seasonal Performance Factor (HSPF)} and Seasonal Energy Efficiency Ratio (SEER) for
Air-Source Heat Pumps. ASHRAE Trunsactions, 110(2), 2004. http://www.fsec.uct.edu/en/
publications/html/FSEC-PF-413-04/index.htm.

[Int] International Passive House  Association. Main  Website. http: //wuw.
passivehouse-international.oxg/.

[KGK95] Steve Kavanaugh, Christopher Gilbreath, and Joseph Kilpatrick. Cost Containment, for Ground-
Source Heat Pumps, December 1995. http://gecheat.oit.edu/pdf/tp72.pdf.

[Liul0] Xiaobing Liu. Assessment of National Benefits from Retrofitting Existing Single-Family Homes
with Ground Source Heat Pump Systems. Technical Report ORNL/TM-2010/122, Oak Ridge Na-
tional Laboratory, August 2010. http://btric.ornl.gov/pdfs/Liu_GSHP_Report_8-30-2010.
pdf.

[MRZ14] Joseph J. Martens, John Rhodes, and Audrey Zibelman. New York State Comments on Pro-
posed Carbon Pollution Emissions Guidelines for Existing Stationary Sources: Electric Utility
Generating Units, 79 FR 3430 (June 18, 2014), December 2014. http://www.dec.ny.gov/docs/
administration_pdf/nyscomments.pdf.

[NRE12] NREL. NREL Geothermal Policymaker’s Guidebooks, Policy Options for Geothermal Heating
and Cooling, April 2012. http://www.nrel.gov/geothermal/guidebooks/heating_cooling/
policy_options.html.

[NYC] NYC. One City: Built to Last (Transforming New York City’s Buildings for a Low-Carbon
Future. http://www.nyc.gov/html/builttolast/assets/downloads/pdf/OneCity. . pdf. Of-
ten referred to as the Mayor’s “80x50” plan. See also: NYC “Built To Last” website: http:
//nyc.gov/BuiltToLast.

INYC14] NYC. Inventory of New York City Greenhouse Gas Emissions. http://www.nyc.gov/html/
planyc/downloads/pdf/NYC_GHG_Inventory._2014.pdf, November 2014.

INYS] NYS. New York State Energy Plan. http://energyplan.ny.gov/. Accessed: 19-Dec-2014.

[NYS14] NYSERDA. Energy Efficiency and Renewable Energy Potential Study of New York
State, April 2014. https://www.nyserda.ny.gov/-/media/Files/EDPPP/Energy-Prices/
Energy-Statistics/14-19~EE-RE-Potential-Study-Vol2.pdf Warning: Optimal Energy,
Inc. was involved in preparation of this document.

[PO10] Pacific Northwest National Laboratory and Oak Ridge National Laboratory. Guide to Determin-
ing Climate Regions by County, August 2010. http://appsl.eere.energy.gov/buildings/
publications/pdfs/building_america/ba_climateguide_7_1.pdf.

[PSE14a] PSEG. Utility 2.0 Long Range Plan, July 2014. https://www.psegliny.com/files.cfm/
2014-07-01_PSEG_LI_Utility_2_0_LongRangePlan.pdf.

[PSE14b] PSEG. Utility 2.0 Long Range Plan Update Document, October 2014. https://wuw.psegliny.
com/files.cfm/Utility20-Decument—-100614.pdf.

1 TR 4 T T . 1 . .- . o = F a—  eee T N m



“This project’s aggressive approach to energy
issues will impact parks across the city.”

- Gate Brewer, Manhattan Borough Prasident

SKSK

HESE Architaots

Washington Square Park House

Completed 2014
NYC Dept, of Parks & Recreation, client
HEESK Architects LLEP, architect

BuroHappold, MEP enginaer

Lastsummer the NYS Department of Parks and Recreation hosted a ribbon cutiing for the
final phase of Washington Square Park’s S-vaar renovation, BREK servad as the archilaat
of & central feature of this phasa, a new park housa that s on track to receive LEED Platinum

ceriification,

Combined with energy load reduction messures, such as high performance envelope

design, and photovoltaic panels that offset 34% of the electrical load, the implementation
of a ground-source heat purmp system has resulted in the park house using 55% less enargy

than & comparabie building with a conventional system,

Some of the other key sustainable alemenis of this project include menomized daylight, the
spacification of jow- or na-VOL building materials, the use of locally sourced stone, and
the use of reclaimed wood, All of thase strategies help (o minimize enviconmental impact
while addressing the neads of both the NYC Parks staff and the public. The doceptivaly
modest park house includes a substantial program n 18 3,700 square feet, including public
restraoms, offices, storage, and unigue mechanical spacey, most notably the pumps that

aperais the park’s historic display fountam,
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BHSH Architaecis

BARTHERS

ABSCUIATES

WASHINGTON SQUARE PARK HOUSE
PRESENTERS

GEORGE SCHIEFERDECKER AlA, LEED AP BD+C

PARTMNER, BKSK ARCHITECTS LLP

George Schisferdecker was the lead architect of the Park House in Washinglon Douare,

a naw 3,1000 L administration and public restroom building targeting LEED Platinum
certification, Mais a founding partner of BKSK, a firm commillad to socially, contextually,
and ecologically engaged architecture. Born in the Netherlands and raised in the Umited
States, George has developed a fine-grained awareness of place and an affinity for modern
buildings thal are responsive to their historig contexts. His most netable work includes 25
Bond Streel, an award-winning multifamily dwelling in NoHe, Plainsboro Public Library,
the sznd Street Theater Project, and the East End Temple. One of his current works is an
ambiticus net-zero energy learning center in Lambaye, Senegal, a BRSK pro-honoe project.

George holds degrees from Middlebury College and Columbia University,

JENNIFER PRESTON LEEDAPBD+C

ASSOCIATE / DIRECTOR OF SUSTAINABLE DESIGN, BRKEK ARCHITECTS LLP
Jennifer Preston leads the research and development of sustainable architectural
soiutions for BKSK. Her expertise has helped project teams identify key opporiunities
for reducing energy loads and implementing the most advanced sustainability protocol.
with her leadership, BKSK joined the AlA 2030 Commitment. Her most recent projects
include the new Athletic Center for Sacred Heart School (targeting LEED Gold), the Park
Mouse al Washington Square, and a new resilient playground at the Battery-—a project
at the forefront of “The Dryling® implementation, She is currently the project manager

for BKSK's ambitious net-zero energy learning center in Lambaye, Senegal. Jennifer
serves as an adjunct at Columbia University's Graduate School of Architecture, and has
taught at Columbia’s Earth Institute. She is a co-founder of the NYC+NJ Living Building
Coilaborative, serves on the Steering Committee for the AIA-NY Commiltes on the
Environment (COTE), and is a mamber of the national Sustainable Design Leaders group.

MICHAEL MeGOUGH »E

PRINCIPAL, BURO HAPPOLD ENGINEERING

Michael McGough, a principal at BuroHappald, was the lead mechanical engineer for the
new Park House al Washington Square, With more than 286 years of experience designing
and managing the design ofl MEF systems for commercial, hospitality, civic, education and
cultural Tacilities, Michael contributes a unique perspective that focusses on balancing the
client’s needs, user comfort, sustainability and cost. Currently managing several large-
scale commercial projects in New York City, his earlier work includes the award-winning,
LEED Platinum-rated Genzyme Headquarters in Cambridge, MA. Dedicated to mentoring
the next generation of engineers, Michael has taught and lectured exlensively at Columbia
and Harvard universities. Me is currently an active member of the Columbia University
Mechanical Engineering Department’s External Advisory Board and co-authared the
abslract “Energy Dynamics of Green Buildings, an Alternative to the Traditional Heating,
Veantilating and Air Conditioning Course” in the ASME International Mechanical Engineering
Congress and Exposilion, Innovative Curricula category.
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GROUND SOURCE HEAT

Overview: Geothermal exchange utilizes a heat pump to capture the stable temperature of the earth to pre-
heat and pre-cool a building’s comfort systems. This is different than geothermal energy, which is not available
in New York City.

Benefits: ¢ Highly efficient ® Highly cost-effective and durable relative to other heating and cooling systems
® Can reduce heating & cooling costs 25-75% compared to conventional systems ® Low maintenance @ Little or
zero emissions ® Quiet operation

Challenges and Opportunities: ¢ Not practical for all sites ® High initial costs (drilling & exploration) e
Open systems present risks due to unknown geological conditions ® Federal tax credits incentives exist to offset
installation costs (Expires 12/31/16) ® Special financing is available from Energy Star® and other organizations

Process: A geothermal exchange system consists of a heat pump, a heat exchange component, and a delivery
system.

The heat exhange component uses two thermally conductive materials - a source and a sink - to transfer energy,
heat, and cooling between the two materials.

Water-to-water systems use water to carry heating or cooling through the building. Examples include: radiant
underfloor heating, baseboard radiators, and conventional cast iron radiators. Water-to-water systems are
preferred for pool heating or domestic hot water pre-heating.

Water-to-air systems use forced air to carry heating or cooling through a building. They are often used to replace
forced air furnaces and central air conditioning systems. Variable designs allow for split systems, high-velocity
systems, and ductless systems.

$30,000 - $50,000 per pump

60° - 80° F 0° - 400 F
conventional comfort
system
Ao =GR thermal exchange 40°-60°1F
ANNNNNNN
ANNNANWN
‘TOﬂOOO ft
SUMMER COOLING: WINTER HEATING:
GROUND AS SINK GROUND AS SOURCE

Case Studies:

Washingston Square Park House: New York, NY : 3,100 sq. ft.

www.bkskarch.com/work/washington-square-park-house

Historic Front Street: New York, NY: 150,000 sgq. ft.

www.cookfox.com/project.php?id=Historic-Front-Street

Additional Resources:

NYC Geothermal Heat Pump Manual
http://home2.nyc.gov/html/ddc/downloads/pdf/geotherm.pdf
www.bksk.com
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CENTER FOR ARCHITECTURE
GENERALTHEOLOGICAL SEMINARY
QUEENS BOTANICAL GARDEN
TIMES SQUARE TKTS BOOTH
BROOKLYN CHILDREN’S MUSEUM

WEEKSVILLE HE
STATEN ISLA
BRONX ZOO

RITAGE CENTER
ND MUSEUM

L ION HOUSE

CORNELLTECH CAMPUS
PS62
EAST 93RD STREET
FRONT STREET
23 GRAMERCY PARKSOUTH

AND 100

OTHER

PROJECTS

THROUGHOUT
NYC




s "-‘_'-'f.I_IPRE%NTED BY |
' GEO, GESCHIEFERDECKER_M
PARTNER, BKSK ARCHITEC s b
- JENNIFER PRESTON, LEED AP BD+C
" DIRECTOR OF SUSTAINABLE DESIGN, BKSK

~ MICHAEL McGOUGH, PE
- PRINCIPAL, BUROHAPPOLD ENGINEERING

more info: www.bksk.com 3 K S K




NYCCC on Environment Protection: Site-Sourced &
Stored Renewable Energy Conference

Eos Energy Storage
Philippe Bouchard, VP Business Development
February 27, 2015


http://www.eosenergystorage.com/
http://www.eosenergystorage.com/

Eos Energy Storage Overview

THE MISSION

Eos develops and commercializes cost effective energy
storage solutions which are not only less expensive than
other battery technologies, but less expensive than the
most economical alternative used today to provide the
same services

THE SOLUTION

Product - Eos’ Aurora 1000|4000 is a safe, long-lasting DC battery system capable of providing
1MW of power for 4 hours of continuous discharge and millisecond response time.

Price - At a price of $160/kWh in volume, the Aurora solution is the lowest cost energy storage
product on the market. Affordable extended warranties and capacity guarantees ensure long-life.

Technology — The Aurora product employs Eos’ proprietary zinc hybrid cathode (Znyth™) battery
technology, built on 21 patents and patent applications with over 600 claims

Availability - Eos is currently taking orders for delivery in 2016 and beyond.

confidential




Today’s Electricity Grid is Massively Overbuilt &
Under Utilized...

G eneration I ransmission

#in U.S. 17,350 plants | 164,000 miles | 3 million miles
Utilization 47% 43% 34%
Projected spend
505B 298B 582B
2010-2030 ? ? ?
Projected ~$1.4 TRILLION of future US infrastructure will
underutilization be underutilized without storage

Energy storage unlocks value in existing assets by increasing low rates of utilization

confidential
Sources: “Electric Power System Asset Optimization.” NETL, March 2011; “The Power of Five Percent.” The Brattle Group, May 2007



Con Ed Peak Demand Forecast 2010-2030

20,000
S 19,175
19,000 - 2011 All Other Con Ed Peak Demand g
2011 NYC Peak Demand /
18,000 |

/ 11,505 MW; 87% /
17,000 +
16,000 / 15,025
g ow / /

14,000 13500

13,000 Ratepayers funded $1.2 B in system
— upgrades for 2012 (mostly NYC)

’ Eos can reduce peak infrastructure
11,000 requirements + save customers S
e ——— e

SIS U I S I IR S - S I I S T R
S SRS N N R R CNE N S S S S S S S S
-a—Plan Case -+-High Case

C§m 1) Con Ed Electric System Long Range Plan. http://www.coned.com/publicissues/PDF/ESLRP%20Appendices%20December%202010%20Final.pdf
y \J 2) http://af.reuters.com/article/energyOilNews/idAFL1ES8H57PD20120605



Hundreds of Thousands without Power in NYC
After Hurricane Sandy

Riverdale

Fordham
Northeast Bronx

Southeast Bronx

Lower Manhattan

Flushing

Jamaica

Q " Richmond Hill
rown Heights

Flatbush

L ]
Park Slope

Source: Huffington Post,
Consolidated Edison / Note: Data
as of Wednesday Oct. 31 at 12 Willowbrook
p.m. EST. Areas with fewer than Fresh Kills
250 outages not shown

Ocean Par

Fox Hills

Wainwright

Sheepshead Bay
Customers Without Power

. Energy storage combined with distributed generation will
S enhance grid resiliency / reliability confidential




Storage will become increasingly necessary as
intermittent renewables continue strong growth

2017: >7x Growth in Solar + Storage >> Utilities Need Storage to smooth and shift supply

AZ one day solar output

S35 * Storage can smooth
the intermittent
S30 output of PV/wind
' facilities, reducing
$25 - w Storage System ————— — strain on utility grids
Revenues
g 520 M PV System
:é $15 T Revenues ERCOT 8 day Load === vs. Actual Wind Output ==
o 4 * Eos can store and
$10 shift the output of
renewables that
S5 I generate at off peak
times, better
S- —J . I balancing energy
2012 2013 2014 2015 2016 2017 b, supplywith demand

Energy storage allows utilities to effectively integrate more renewables;
demand naturally increases as more renewables are deployed

y—h—!f\, confidential



‘Perfect Storm’ Market Drivers Define
Requirements for Battery Storage

Aging Infrastructure & Extreme Variable Roof Top Solar PV
Weather Threaten Power Reliability Energy Storage Causes Grid Instability

/_ Requirements _\

Low Cost/kWh

Extremely Long Life

High Energy Density

High Efficiency

Zero Emissions

100% Safe

Rising Electricity Costs Encourage \ / Customers & Utilities Struggling
Efficiency & Self-Generation with Increasing Demand

confidential




Eos Introduces Industry’s Lowest Cost Energy
Storage Product : Aurora 1000|4000

The Aurora 1000|4000 is a
1000]4000 1MW/4AMWh DC battery system
comprised of 4x250kW/1MWh sub-
systems in 8.5x8x24ft NEMA rated
enclosures

BATTERY RACKING/ MANAGEMENT AURORA
MODULES CONTAINER SYSTEM

Round Trip Efficiency: >75% at
100% DoD

Cycle Life: >5,000 cycles
Expected Calendar Life: >15 years
Self Discharge: 0.5% per day
Operating Temperature: 10-45C

System Voltage: 320-960 min/max
Vpe; 768 nominal Vi,

Response Time: millisecond
response

The Aurora 1000|4000 is a containerized DC battery system that is being sold for a

volume price of $160/kWh for delivery starting in 2016

- confidential 8



Inside the Eos Product: Technology Overview

Battery

-

Eos’ Chemistry:

Zinc hybrid cathode technology (Znyth), using abundant, low-cost materials

Aqueous, near neutral electrolyte enables the technology to provide high energy

capacity while remaining inherently safe

Design Features:

Proprietary corrosion-resistant coating on current collectors enables long cycle life

Designed for simple, low-cost manufacturing and rapid scale up

IP Portfolio: 21 patents and patent applications pending in the U.S. and major

market countries with over 600 claims

Validation: Safety and cost estimates independently confirmed by DNV GL

Low-Cost Znyth Chemistry

During Charge

Reduction: Reduction:

W et 2e | W 700 €702+ 20

‘W + e G
Oxidation:

(Halide lon)**

Oxidation:
(Halide lon)** >

Anode

Scalable Sub-Module Design

Bipolar Electrode Assembly
M,

Plastic Frame |

'_ Ti Anode Current Collectar

VN
" carbon Cathode

N Current Aggrepating Puck " Ti cathode Retainer

" Steel Compression Plate

confidential 9



Genesis Partners Drive Product Demonstration &

Deployment

Eos Genesis collaboration includes:

1. Detailed business case analysis to
identify value drivers for storage

2. Product development to meet the
requirements of the business case

3. Testing and evaluation of Eos’ Znyth™
battery technology

4. Pilot demonstration and commercial
roll out of Eos Aurora systems

Together Eos’ Genesis Partners represent:
S9 91M gl 385
Customers GW Generation

cCac
NS

—@OSGENESIS —
-

nrg:' E Eyuman

conEdison POWER
GOF S\CZ N/
="%Z Enel
' * )k
nationalgrid

@1

\—' Exelon. PN y

1.8 M @ 70+

Miles of T&D Countries

confidential 10


http://www.businesswire.com/news/home/20130430007031/en
http://www.businesswire.com/news/home/20130430007031/en
http://www.businesswire.com/news/home/20130520006558/en/Eos-Energy-Storage-Raises-15-Million-Strategic
http://www.businesswire.com/news/home/20130520006558/en/Eos-Energy-Storage-Raises-15-Million-Strategic

Behind-the-Meter Storage in NYC

Hours
10’000 | | | | | | | | | | | | | | | | | | | | | | | J
Economic:
1. Demand Charge
2,000 Reduction
2. TOU Retail Rate
= 8,000 Arbitrage
= 3. Demand Response /
c;: 7,000 Program Revenue
6,000 —Wfthout Battery Reliability:
~——With Battery 1. Power Quality
5 000 L 2. Reliability

Storage can balance charge/discharge profile to reduce monthly peak;
programmatic utility benefits are key driver of business case in New York

confidential




Behind-the-Meter: Eos Aurora 1000|4000 Highly
Profitable in Major Retail Markets

Eos has worked with utility partners to evaluate the use of energy storage for behind-the-meter energy
and demand management. Energy storage at Eos cost and performance shown to be highly profitable,
with IRRs of 20-140% and payback periods of <1-6 yrs in major markets.

NPV Benefits (IRR and payback shown in green)

HI: 43.3%, 142.0%,
2.5yrs 0.7yrs
80. 5%,

NPV Cost (1IMW/4MWHh)
700
600
o PIL2
500 ~ Customer
_/.f Acquisition, 2
/S
-E 400 /' / _~lInstallation, 13
3‘: $319 ayd - Distributor
300 T viarkup, Su
__ Integrator
| "~ Markup, 41
200 —_ ACIntegration,
L 5
~— Inverters, 86
100

115

2019 - IMW/4MWh System

Eos DC System,

22.3%, 1. 3yrs
5.4yrs 21.2%,
6.0yrs 51 4%,
2. lyrs
I I--“go“-

ConEd HECO ComEd  PSE&G APS PECO PG&E SDG&E

W Energy Arb m Demand Mgmt = Capacity
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Behind-the-Meter: Storage adds additional value

when combined with residential solar PV

Bill Impacts

Backup Power

Solar PV

Reduces retail rate energy
consumption

Monetizes value of excess
production via NEM payments
or wholesale power

No backup power available

Does not mitigate need for
on-demand backup power

)

Solar PV + Storage

e Store and shift excess PV to
arbitrage retail rates vs.
wholesale rates

Generate and store power
for use during blackouts

Reduce reliance on
expensive and polluting
diesel generators

confidential 13



Behind-the-Meter Storage, Paired with Solar:
Strong Value for Residential Customers

The value of energy storage also bolsters the business case for residential electric customers by
offsetting their peak demand charges, delivering higher NPVs for hybrid PV and storage installations and
expanding the business opportunity for larger solar installations.

$30,000
$25,000
$20,000

£ $15,000
$10,000
$5,000

S-

NPV, Installations in a Post NEM World

6kW PV Only

6kW/2kW Hybrid

10kW PV Only  10kW/2kW Hybrid

Hybrid PV and storage
installations deliver
strong IRRs of ~16%
and NPV value in
excess of $20-25K

Sample case reflects
installation in Southern
California Edison’s
Barstow area, assuming
that net metering is
phased out in 2018 and
reduced SGIP incentive

confidential
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Eos - Con Ed Van Nest Demonstration Project

7= (EconEdison nyserda

v Energy. Innovation. Solutions.

Overview - Eos awarded a $250,000 “Bench to
Prototype” grant from NYSERDA to demonstrate its
Eos battery system within Con Ed’s territory

Application — Installation and operation behind-the-
utility-meter to shave system peak load and reduce
customer demand charge

Installation location = ConEd
Building #1 at Van Nest facility

System currently on test at DNV GL facility in Rochester, NY. System will be installed
at ConEd Van Nest facility in the Bronx upon successful permitting with NYC DOB




Recommendations

Streamlining Adoption — work with city agencies (NYC DOB, FDNY, etc)
to streamline processes for permitting and installing energy storage in
NYC buildings

Improve Resiliency — Dedicate municipal facilities as community
accessible microgrids and solicit market-based solutions; Integrate with
NY Prize programs

Engage in ‘Reforming the Energy Vision’ — Integrate NYCC initiatives
with ongoing REV proceeding to drive utility regulatory reform with
NYCCC objectives

Lead by Example — Partner with the private sector to make NYC
municipal facilities green, resilient, and cost-effective through
programmatic implementation of storage




Orders can be placed at sales@eosenergystorage.com

www.eosenergystorage.com

3 east 80th street, new york, ny 10075
p.+1.212.628.7191
f. +1.212.628.7193



http://www.eosenergystorage.com/
mailto:sales@eosenergystorage.com

