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Climate Change Mitigation — NYC Public Schools

What NYC School Construction Authority has

accomplished:

» Created the first Net Zero Public School in NY State
in 2016.

» Added more than 25 Energy Conservation Measures
(ECMs) to NYC’s new Public School standards.

* More than 15 new schools designed to be Fossil Fuel
Free clean energy buildings.

* Researching and implementing renewable Biofuel
heating in existing schools.

» Installing Solar PV and green roof systems on more

than a dozen new schools.
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Mandates for NYC Public Schools - beyond Code

Plan NYC — enacted 2005.

LL86/2005 & LL32/2016 — LEED Certified or Equivalent for Schools
LL87/2009 — Energy Audits and Retro Commissioning (DSF)
LL88/2009 & LL132/16 & LL134/16 — Lighting/sub-metering (DSF)
LL130/2013 — Electric Charging Infrastructure

LL66/2014 - One City Built to Last — 80x50 goals.

LLO6/2016 — Geothermal Feasibility

LL31/2016 — Low Energy Intensity Buildings

LL97/2017 — Green Infrastructure Feasibility

Executive Order #26 2017 — Paris Climate Agreement Goals
LL32/2018— Periodic Energy Stretch Code Adoption

LL33/2018 — Energy Efficiency Scores and Grades

LL94/2019 — Sustainable Roofing Zone

LL97/2019 — Carbon Emissions reduction Mandate

Climate Resiliency Design Guidelines
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Sustainability Mandate Timeline

« 2019 — After July 1st LL31/LL32of 2016 and LL97 of 2017 will be in full effect.
« 2025 - SCA and DOE to reduce portfolio GHGe 24% from 2005 totals.
(~200,000 MTCO2¢e)

2025 - LL107/2018 — 100% of City Building electricity must be from Green Energy
Sources.

2030 — LL31/2016 requires 38 Source EUI max for all new schools.
2030 — City Building Greenhouse Gas Emissions must be 50% less than 2005 baseline.

2050 — City Building Greenhouse Gas Emissions must be 80% less than 2005 baseline.
2050 — City Operations require 100% CO2 reduction from 2005 NYC baselines.
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NYC Public Schools

FY 21 GHG Emissions by Fuel

S XA
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s Electricity = Natural Gas = Fuel Oil

~1,500 Schools

+155 Million SF
+1 Million Students & Teachers

37% of NYC municipal greenhouse
gas emissions v, Y B
1% of all annual NYC GHGe W -




NYC Public Schools —Carbon Emission Targets

DOE Portfolio Greenhouse Gas Emissions Targets
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Table 1. Your Agency's Emissions Targets and Emissions Reductions from 2006 Baseline

2006 2019 2025 2030

Projected  Projected
60 954 84 902

% of emissions reductions - demand side from a 2006 7% 10%

Agency emissions reductions - supply side (MTCO2e) 23276 282,612

Actual Actual

Agency emissions reductions - demand side (MTCOZe)

% of emissions reduction - supply side from a 2006 3% 33%

Agency emissions target - total (MTCOZ2e)

858 811 740129
% of emissions reductions from a 2006 baseline 0% 14%

655,308
24% 57%

*Note: These demand-side emissions reductions are shown in Figure 1 below and represent demand-side reductions from SCA an
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NYC School Construction Authority —
Sustainable Design and Resiliency

NYC Green Schools Guide:

* P1.1R - INTEGRATIVE DEiIGN PROCESS
+  No less stringent than LEED V4 Certified GREENNSEVéﬁ)S%Eé cuine THE
* Includes all beyond code City, State, and Federal

laws and regulations pertaining to Sustainability and

Resiliency

» In effect since 2007 (15 years)
* 4 Major versions.
» Installing Solar PV and green roof systems on more

than a dozen new schools.

I
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NYC SCA — Website and References

C 0O A Notsecure!|nycsca.org/Design/IWC—Green—Schoo!s—Guide#GSG—Reference—Materials—154 = Y 0O

trix Gateway  \y Workday nycsca - S... m UKG Pro B> SCAN: The SCA Net...

Doing Business v Design v Community v Real Estate - Careers v MWLBE - Quick Links -
NYC Green Schools Guide Home - Design - NYC Green Schools Guide
Overview GSG Forms  Energy Modeling Guide & Template = GSG Reference Materials m

I Architecture &
Engineering

NYC Sustainability Laws ¥
|l Bulletins

Green Schools Guide Construction Toolkits M
| Design Standards

IDP Toolkit v
| DT standards

Geothermal Feasibility Guide “’
I Downloads

Climate Resiliency Design Guide v
| Forms

(4 Green Infrastructure Feasibility Guide
fﬁ\ opyright © 2017 NYCSCA A BID & LCMS 2.0 Webinar § Contact Us gg Training Calendar g Privacy @
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How we got here!
Studies, Pilots, & Standards

NYC School Construction Authority’s Climate Mitigation
Playbook:
* Develop a rigorous study of new technologies in

Sustainability and Resiliency.

L

* Apply appropriate technology to new and existing pilot

schools.

« Analyze constructability, costs, and KPI for ne . ot
y< Hetabiity W Low Energy Intensity Schools (LL31) Feasibility Study

technology once installed. Final Report

« Seek funding where necessary and adjust design #lamiary 2028

standards to include successful technologies.

Xu
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WHOLE-BUILDING SCENARIO ENERGY MODELING UPDATES
Stacked ECM Packages, HVAC System 1B: 40.1 Total Source EUl Reduction

120.0
= \Vater Systems
100.0
mm Heat Rejection
== Pumps
mm Fans

80.0

mm Kitchen Loads

= Plug Loads

60.0 mum Exterior Lighting

mm nterior Lighting

mm Cooling
40.0

mm Heating

Whole Building Source EUI (kBtu/sf/yr)

—LL84 Target, 56.

20.0 —ASHRAE Target,
39

—2030 Target, 38

0.0

Base Case +Plug Load +Kitchen ECM +Lighting +Elevator  +Enclosure +HVAC +Ventilation +HVAC +SHW ECM

Q375, 95.5 ECM Package, 80.9 ECM ECM, 79 ECM System 1B, ECM Component Package, 52.9

Package, 88.5 Package, 79.4 Package, 71 61.8 Package, 60 ECM Pkg, 56
[ 27 JUNE 2018
PHASE 2, MEETING 12 WHOLE-BUILDING SCENARIO ENERGY MODELING
NYC SCHOOL CONSTRUCTION AUTHORITY .
v scA LL31 FEASIBILITY STUDY fxcollaborative
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Low Hanglng Fruit — ECMs (energy conservation measures)

MECHANICAL LL31 CASE RESULT
« CO2 Demand Controlled Ventilation- CO2 sensor controlled DCV L, Flecmestetosouco omesin acr 259
 Nighttime air flush out.

== Water Systems

== Pumps

mmm Fans

mmm Kitchen Loads

Whole Building Source EUI (kBtu/sflyr)

LIGHTING il
» Lower Lighting Levels - Lighting levels in offices and classrooms will be e
reduced to 28 Foot-candles (FC) and 35 FC, respectively, from 40 FC . i
« Shorter Lighting Turn-Down Time - reducing the lighting occupancy sensor :RA%
turn down time from the standard 15 minute interval to 5 minutes P mps W |
LL31 CASE RESULT
(KITCHEN + CAFETERIA ZONES EXCLUDED)
DOMESTIC HOT WATER  Elecrosito o source conversion factor:2:65
+ Lower Bathroom Faucet Supply Temperatures to 90°F from 105°F. - i
« Faucets with Atomizing Aerators retrofit capability - faucets will be provided =
that can incorporate atomizing aerators (provided additional 5-7% building z*" g Lo
wide water reductions) _m
KITCHEN AND PLUG LOADS ® 0o ———
« Demand Defrost in Freezers (new standard) Ty
« Additional Walk-In Cooler Insulation- increased to 6” panels from 4” panels _s@ MR e
B T — collaborative
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New Construction: ECM Pilots

- -“:

Project Facts
Building Addition: 52,349 SF
Source EUI: 56 kBtu/ft2/yr

Project Facts
Building Addition: 49,975 SF
Source EUI: 69 kBtu/ft2/yr

Project Facts
Building Annex: +64,200 s.f
Source EUI: 55 kBtu/ft2/yr

New High School: 308,819 SF 90 kW PV Array

Project Facts

Source EUI: 51 kBtu/ft2/yr
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Additional ECMs for all new Schools

ENVELOPE

» Roof Insulation = Upgrade to R40 roof insulation (standard was R30)

» Underslab Insulation = Upgrade to an R15 insulation under all regularly occupied spaces (standard was R10
insulation only under Kindergarten and Pre-k)

* Improved Air Sealing, Building Envelope Commissioning

MECHANICAL
* Double Pipe Insulation = 2 and 3 inches (standard was 1 and 1-1/2 respectively)
» Variable Speed Compressors on Chillers (standard was staged compressors)

DOMESTIC HOT WATER
« Domestic Water Heater to Central Heat Pump (standard was gas fired atmospheric boiler for DHW)

KITCHEN AND PLUGLOADS
 Electric Cooking (standard was gas for various main appliances) Expected EUI reduction: 0.4

GENERAL
« Solar PV in addition to required Sustainable Roofing Zone LL94.
» Gearless Elevators
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For Kitchen Equipment & Domestic Hot Water:
Electrification

3 4 Hybrid heat
SR pump DHW 120
gallon unit

Electric Combi Oven
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EXISTING BUILDING PILOTS

« ECM: Roof Additional Insulation:
+ 2” for total R40 Insulation

L . & bt 117 « ECM:Add Structural Thermal
Built 1958, 78,000 SF |

3 stories + cellar Breaks to Parapets

« ECM: High Performance
Rainscreens with R30 Insulation

« ECM: Improved Air Tightness

Built 1972, 43,000 SF
3 stories + partial basement

« ECM: Higher performance
Windows (U factor 0.25)

Built 1958, 150,000 SF
S| 3 stories + partial basement
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Beneficial Electrification

Study Results:

IFy

Heat pump electrification is currently
technologically feasible for all size
public schools.

Electrification of new buildings cost
less than new gas equipment.
Electric heat pump schools can be
lower in site and source energy, and
lower in GHGe.

Technology can be applied to existing
schools as well.

Summer electrical peaks not affected,

i.e. No short term Utility issues.

SCA

Fossll fuel free schools

LARGE HIGH SCHOOL
ELECTRIFICATION STUDY

OCTOBER 14, 2022 |

THE NEW YORK CITY
SCHOOL CONSTRUCTION AUTHORITY
Long Island City, NY

Report Prepared by

OLA CONSULTING ENGINEERS, PC

ADDITIONAL PROJECT TEAM MEMBERS:
LILKER ASSOCIATES CONSULTING ENGINEERS (DESIGN ENGINEER)
DI DOMENICO AND PARTNERS (ARCHITECT)

ELLANA CONSTRUCTION COST CONSULTANTS (COST ESTIMATOR)

EME GROUP CONSULTING ENGINEERS (PEER REVIEWER)

SCA SUSTAINABILITY AND RESILIENCY DESIGN TEAM

SCA CAPITAL PLANNING
SCA DESIGN & C: TION M

SCA

September 30, 2022 Large High School Electrification Stud Page 18 of 19
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Figure 1. LagethE:hm! Base(;asgmammom S Annual Source EUT

Figure 14 shows the ual cost breakdown by end use for |h B e Case and the
ele cmﬁcano options Itwaa noted that both the options hav hgh Iumltym@um
th Bsaec e, due to higher electric demand and energy rates. Opt n 1 has the highest

al co ﬂdemal inly to the large dmandpe \lymolahedwmth e large sized heat
p mp units and large quantity of electric eat to Option 2.

Large High S¢hoal Base Case and Electrification Options Annual Uity Costs
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Figure 14. Large High Sohod! Base Case and Blecinfeation Options Annual Uty Gosts
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For Public Assembly & Other Spaces:

Electrification of Heating and Ventilation

Roof Top VAV system
w/ Heat Pumps.

VRF ceiling mounted Roof mounted VRF
Air Handling Unit (AHU) Compressor



For Classrooms: Electrification of Heating, Cooling,
and Ventilation

« Due to urban density and renovations during
occupancy, individual classroom heat pumps with
ventilation are an ideal choice for NYC existing
schools.

* Individual units provide separate air systems
between rooms w/ recirculation and outdoor air

through Merv 13 filtration for optimal air quality.

FJ
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All Electric New and Existing Public Schools

* In 2020, NYC SCA designed and is building 4 electric prototype
schools based on electrification studies it performed.

* In 2022, NYC SCA is adopting our new building standard to be
all electric. SCA builds roughly 12-15 new buildings per year.

* In 2022, SCA is finalizing the design of 3 existing schools to be

all electric.

« SCAis starting ‘all electric’ design on an additional 6 existing

schools. i
In one year by designing all electric schools instead of
gas boilersin 12 buildings, SCA will annually have
reduced 2,700 tons of GHGes (the equivalentannual
emissions of 300 US homes).
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PV CANOPIES + ROOFTOP SMPs: SYSTEM SELECTION FACTORS ‘E’“‘*’.‘:L
1

Solar PV Generation & Green Roofs
Studies, Pilots, & Standards

RECOMMENDATIONS PV ARRAY HEIGHT
Conventional ~ Green Roof  Canopy Over Fans  Canopy Over FDNY  Canopy Over AHUs

ROOF SMP TYPE Ballasted Ballasted (6™-9" AFR) (8™-15' AFR) (15' AFR +)
White Roof (no SMPs) X X X X
Blue Roof X X X X
Extensive Green Roof X X X X
b Blue-Graen Roof X X X
]
NYC SCA's work: e s oo x x

° 1 Meg awatt d eSig n ed |aSt tWO yea rs | ROOFTOP SMP RECOMMENDATIONS FOR SCA

Recommended for Pilot Projects to Increase
Current SCA Standard SW Detention and Plant Longevity

* Added new standards on our website for PV system design. Grnorbuarots S s oo e

Built-in-place or fully Hybrid modular green roofs with removable side
modular green roofs panels

4" growing substrate depth 6" growing substrate depth

» Studying Combination of PV and green roofs to increase

5%-10% organic cor tin substrate

production and biodiversity.
» Have implemented both ballasted and canopy PV systems.

» Renovating more than a dozen existing roofs per year to be PV [ —

SCHEME 1 (BASELINE): BALLASTED PANELS SCHEME 2: MONOLITHIC TILTED ARRAYS

ready for DOE installation.

81 Panels at 10"

Bulkhead: Max. Height &'-0"
Upper Roof: Max. Height 707 g
Lower Roof: Max. Height 11'-10” e T
174 Panels at 10°

26% of Building Footprint

12% Annual Energy Offset
23 MTCO2e Reduction

27% of Building Footprint
6% Annual Energy Offset
11 MTCO2e Reduction

=)
SCHEME 3: “SAWTOOTH" ARRAYS OVER FONY AREAS SCHEME 4: “SAWTOOTH" ARRAY OVER AHUs
Bulkhead: Max. Height 6'-0" Upper Roof and Bulkhead: Continuous “Sawtooth” Array

Upper Rool: Max, Height 117"
Lower Roof: Max. Height 10°-5"

Max. Height 2000 .
Lower Roof: Monolithic Tilked Array =i ==
Max. Height 18'-5"

f" .
i NS

207 Panels at 5°
40% of Building Footprint

4
I_ \S 15% Annual | Energy Offset

27 MTCO2e Reduction

437 Panels (346 at 5°/ 91 at 157}
23% of Building Foatprint
31% Annual Energy Offset
61 MTCOZe Reduction
Fo
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NYC School Construction
Authority

SCA NEW TECHNOLOGY R+D
BIOFUEL IN BUILDING HEATING
APPLICATIONS

OCTOBER 19™, 2022

PRESENTATION OF SOCOTEC USA | 2022

SOCOTEC

IN CONSULTATION WITH:

NYCSCA SUSTAINABLE DESIGN AND RESILIENCY (SDR)
DOE DIVISION OF SCHOOL FACILITIES (DSF)

NATIONAL OILHEAT RESEARCH ALLIANCE (NORA)
BROOKHAVEN NATIONAL LABORATORY (BNL)

DR. THOMAS BUTCHER, RESEARCH ENGINEER AT BNL
AND DIRECTOR OF NORA LABORATORY

RENEWABLE ENERGY GROUP

SPRAGUE ENERGY

PREFERRED UTILITIES MANUFACTURING CORPORATION
WEBSTER COMBUSTION

WEISHAUPT

CLEAVER BROOKS

CLEAN FUELS ALLIANCE AMERICA _
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OVERVIEW OF BIOFUELS

Biodiesel
* |tis arenewable form of diesel fuel produced from refined organic
matter
«  Examples of feedstocks:
Soybean Oil
Animal Fats
Waste Vegetable Oil
Algae
» Biodiesel can be blended with other fuels

» Biodiesel is produced through transesterification
Lipids react with alcohol in the presence of a strong catalyst to
form fatty acid methyl esters (FAME)
FAME is the chemical term for biodiesel
Terminology:
B# refers to a fuel that is # biodiesel by volume:
o B100is pure 100% biodiesel, B20 is 20% biodiesel by volume,

etc.

o B99.9typically refers to a blend with 99-100% biodiesel by
volume

o 2B10referstoa blend of No. 2 oil that is 10% biodiesel by
volume

PRESENTATION OF SOCOTEC USA | 2022
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Source: https://www.britannica.com/plant/soybean

e ———

Source: https://en.wikipedia.org/wiki/Algae_fuel
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EMISSION FACTORS

SO, emissions for biodiesel blends are dependenton the
manufacturer, since sulfur content can vary between 0 -15 ppm

Biodiesel has a lower emission factor because it emits biogenic
carbon that gets sequestered by plants used for biodiesel feedstocks.

Pollutant No. 2 Fuel Oll No. 4 Fuel OiIl Natural Gas
Carbon Dioxide CO,
(tCO,e/MMBtu) 0.07414 0.07617 0.05 0.05799 0.01118
Nitrogen Oxides NO,
(kg/MMBtu) 0.0783 0.172 0.0445 0.0674 0.0206
Sulfur Dioxide SO 0.000695 0.1408 0.0002538 0.000563 - 0.000695 0 - 0.000695
(kg/MMBtu)
Particulate Matter PM, 5
(kg/MMBtu) 0.000927 0.1247 0.0008084 0/()'00027 ﬁpooﬂ

According to a research paper by Brookhaven National Laboratory, there is a strong
correlation between PM, 5 emissions and sulfur ppm in the fuel.

Dr. Tom Butcher, a researcher at the National Oilheat Research Alliance, has
recommended using the same emission rates for No. 2 oil and blends of biodiesel, since
their sulfur levels are similar.

23 PRESENTATION OF SOCOTEC USA | 2022 Sl Id e 23



FUEL COSTS

Sprague Energy provided the recent 12 months of New York Harbor fuel prices.

« B99.9is less expensive than B100 due to IRS credit incentives.

« Biodiesel blenders may be eligible for a tax incentive for blending biodiesel with petroleum diesel to
produce a mixture containing at least 0.1% diesel fuel.
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Future Focused :

* Increase study and implementation of Resiliency
strategies.

« Study and implement Embodied Carbon reductions

* Implement energy saving equipment to reduce plug
loads.

* R&D and Pilot Building Integrated Solar PV

* Continue Sustainability Master Planning to 2050
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NYC Public Schools — Our Clean Energy Transition

In Summary:

Created the first Net Zero Public School in NY State
in 2016.

Added more than 25 Energy Conservation Measures
(ECMs) to NYC’s new Public School standards.

-

By 2022 more than 15 new schools designed to be

Y SEeam——— Y

-

-

Fossil Fuel Free clean energy buildings.

* Researching and implementing renewable Biofuel
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(B100) heating in existing schools.

* Installing Solar PV and green roof systems on more

than a dozen new schools.

IFy
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