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ABSTRACT

New York City has undertaken many cutting-edge energy efficiency and greenhouse
gas reduction programs. The Greenhouse Gas Inventory project, the Greener, Greater
Building Plan, building code improvements derived from the Green Codes Task Force,
and Zone Green from the Department of City Planning have all served the city’s
plaNYC goal of reducing the city’s greenhouse gas emissions 30 percent by 2030.

This has been a noble and largely successful effort to date. But it is not enough.

To ensure a global environment in which human society can bring security and
prosperity to all its members, climate science tells us we must reduce carbon pollution
dramatically. A figure of 80 percent globally by 2050 is often cited. A reduction of 90
percent in the readily measured fraction of the city’s emissions will be necessary to
meet this goal, and this study outlines an energy economy for New York City in 2050
that will match this challenge.

This study focuses primarily on the building sector, the source of 75 percent of New
York City’s greenhouse gas emissions. Building simulation modeling using eight basic
building types shows that heating and cooling loads can be dramatically reduced
through air sealing, heat recovery ventilation, and additional insulation, to a point
where all heating, cooling, and hot water can be provided by heat pumps. Analysis
of the city’s building stock shows that the total electric load in 2050, which must

be supplied by carbon-free sources, will be slightly more than today's electric load.
Contributions from rooftop photovoltaic panels will be significant. An initial analysis
shows that over the period examined, and on the basis of today’s prices for both fuel
and improvements, the savings from energy use reductions will be comparable to the
costs of the building improvements. The total amount is affordable and will pay for
itself over time if the cost of improvements falls as expected and fuel prices increase.

In the transportation sector, electrification and expansion of both passenger and
freight rail and conversion of on-road vehicles to electric drive, hybrids, and turbo
diesels, coupled with the recently enacted CAFE standards, will allow total residual
carbon emissions to drop well below 10 percent of today’s levels. Adding electricity
generation from biogas derived from waste and sewage treatment provides an
additional input of carbon-free power while consuming a potent greenhouse gas.

Several unused alternatives, such as maintaining the district steam system on waste
combustion, are discussed but were not incorporated in the analysis.

Although not a blueprint or detailed plan for the next 37 years, “90 by 50”
demonstrates that the extreme emission reductions required to minimize climate
change are in fact possible using technologies that are known and in almost all cases
currently available, and that the cost is within reasonable bounds.
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Figure 1.1: View of Manhattan from Brooklyn

INTRODUCTION

Nearly all climate scientists™? tell us that to avoid catastrophic
global warming we must dramatically reduce carbon emissions
in the global economy by 2050. The devastation caused by
hurricane Sandy has re-focused attention on both adapting to
the threat posed by climate change and the necessity of acting
to mitigate that threat.

For developed countries, emissions must be at least 80 percent
below current (2010) levels by 2050 to permit convergence on
a CO2 concentration likely to be less than 450 parts per million,
which would in turn probably result in global temperature
increases of less than 2°C (3.6°F). For New York City, a more
challenging goal, a reduction of more than 80 percent, is
appropriate for several reasons:

¢ The city's greenhouse gas (GHG) accounting does not
incude several important categories of emissions.
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« New York City's mass transportation system can
attract even more passengers to carbon-free modes
of travel.

¢ A 90 percent target leaves a little more “breathing
room” if some reduction measures turn out to
be impractical.

As a result, we have chosen a goal of reducing New York City’s
greenhouse gas emissions by 90 percent by 2050. The year
2050 is 37 years away, and many political and economic shifts
are possible during that period. Consequently, in determining
the feasibility of this goal, we have focused on what is
physically possible with presently available and reasonably
foreseeable technology. We did not restrict our analysis by
current political constraints, and gave only moderate attention
to economic constraints.

URBAN GREEN COUNCIL



A 90 percent cut in emissions does not correlate directly with
a 90 percent cut in energy, since any energy need not met by
fuels associated with the 10 percent residual emissions can

be met by carbon-free electricity. This provides an additional
constraint: After maximum energy reductions have been made,
most fuel-based systems must be converted to electricity, since
other energy sources cannot be made carbon-free. Rooftop
photovoltaic panels were included in our models, but for

the remaining supply side needs, we computed the required
electrical energy and demand, while simply listing several
options that could supply this carbon-free electricity.

We refer to “measures” rather than “proposals” to recognize
that we are not recommending any particular steps, but

are rather constructing one model scenario to show what

is possible. Practical scenarios may differ dramatically in
approach and in which specific reduction measures are
actually implemented.

With the resources available, a detailed sector-by-sector study
examining intermediate trajectories over the coming decades
was not feasible. Instead, we examine the city as a whole, and
look only at the two endpoints, 2010 and 2050. We believe this
allows us to sketch a credible future that meets the “90 by 50”
goal. It must, however, be seen as an initial effort, in need of
significant refinement and expansion, before it can serve as a
basis for specific policy proposals.

WHERE NEW YORK CITY
IS NOW

This study was restricted to sources and sectors included in
the plaNYC report, “Inventory of New York City Greenhouse
Gas Emissions” (/nventory). Because buildings are responsible
for most of the city’s GHG emissions, they were the focus

of our study, but emissions from several other sources are
included as well.

The study started with a model of NYC buildings with which
we reproduced current NYC GHG emissions within the building
sector. We modeled the building sector using eight different
building types representative of the building stock of the city,
and used a widely accepted building simulation model (DOE-2)
for each building type to estimate its particular current GHG
emissions. Each model describes a well-defined building, the
characteristics of which were selected to represent those of
that building type across the entire city, as taken from the city’s
tax lot and building database. Internal electric and fuel loads
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were apportioned using data from a recent Con Edison study
of citywide energy use, the city’s benchmarking results, DOE-2
internal assumptions, and other standard sources.

The eight building types represented by our models are:
¢ One or two family detached house
¢ Three story row house
¢ Low rise apartment building
¢ Two high rise residential towers:
» Masonry with punch windows
» Window wall
* Low rise commercial building
¢ Two high rise commercial towers:
» Masonry with punch windows

» Curtain wall

We scaled these results up to assign emissions citywide
stemming from each building type, using the ratio of the
citywide floor area corresponding to that building type to the
floor area in that model. Building types may be served by more
than one fuel, so we allocated each building model across fuel
types as part of the scaling process. After these parameters
were applied, we also made various adjustments to building
characteristics, so that in the end the building emissions scaled
up from the 2010 models matched those from the /nventory,
correctly allocating the emissions among building types.
Building characteristics were also adjusted so that usage would
match known fuel and electricity use data from the /nventory,
the Con Edison study, New York City’s benchmarking data, and
other sources.

WHERE WE MUST GO -
REDUCTIONS IN
BUILDING EMISSIONS

We used a two-step process to determine the 2050 GHG
emissions reductions in buildings. First, we used available
projections of population and employment to estimate total
future building area corresponding to each of our eight
models. Second, we applied a wide variety of energy efficiency
technologies to both currently existing and newly constructed
buildings to minimize their energy use and to provide for all-

Figure 1.2: Infrared image showing heat loss from New York City buildings
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electric provision of remaining services. We did not distinguish
between new construction and retrofits when developing
projections for 2050. Consequently, the process of scaling up
the 2050 loads and emissions from the building models to
citywide values was the same as for the 2010 buildings.

The major building energy efficiency technologies
employed were:

¢ Substantial air sealing and heat recovery systems for
ventilation air;

* High levels of insulation on all opague elements of
building facades;

« Vision glass fractions limited to 50 percent (while
retaining useful daylighting) and triple glazing on all
vision glass;

¢ Sun control devices permit winter solar heat gain while
minimizing summer cooling loads;

* Photovoltaic panels to produce renewable electricity on
site; and

¢ Mini-split heat pumps for most apartments, and ground-
source heat pumps for commercial and larger residential
buildings. Air-source heat pumps provide hot water.

In addition, various foreseeable technologies will lower currently
substantial in-building loads, and were employed in our models.
In residences and commercial buildings, heat pump clothes
dryers, induction stoves, and air source heat pumps for hot
water will lower energy use dramatically. With proper design,
most server farms can be cooled with near-ambient air. We
found that many of the measures introduced to mitigate climate
change also increase building resilience, providing adaptation
to that climate change. For example, greater thermal integrity
ensures buildings that will remain more habitable without
services such as heat, hot water, or electricity.

The age of the Con Edison steam system has made ongoing
operation challenging, but district heating also has many
advantages. A brief scoping analysis indicated that in-city
biomass sources, if targeted toward running the steam system,
would provide sufficient energy to replace the fossil fuels
currently used, were this approach found operationally feasible.
We did not, however, rely on this approach in our final energy
use estimates, but assumed that all buildings will undergo the
shift to all-electric operation.

WHERE WE MUST GO -
REDUCTIONS IN OTHER
EMISSIONS

The other significant source of emissions in New York City

is transportation. We developed a model of the various
transportation modes in New York City based on passenger- and
ton-miles traveled. We used the model to project the emissions
that will result after as much traffic as possible is switched to
electrified modes and improved efficiencies have been realized
in each mode. Some of the assumptions were:

* The recently implemented federal mileage standard
of a fleet average of 54.5 miles per gallon will be fully
implemented by 2050;

¢ Many bus routes will be converted to electric trolleys;
¢ Substantial shifts to hybrid vehicles will occur;
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¢« The MTA’s current plans to use weight reduction and
regenerative braking result in substantial savings in
traction energy; and

¢ Improved rail access, including the Second Avenue
subway, the Hudson River passenger tunnel, and the
under harbor freight tunnel will decrease dependence
on cars, buses, and long-haul trucking.

In another area, fugitive methane emissions from wastewater
comprise 2 percent of city GHGs. If capture technologies can
be broadly extended, these emissions can be almost completely
avoided by use of the gases for electric generation, and similar
reductions in fugitive gases from solid waste landfills are
possible. We extrapolated from current efforts to estimate very
low fugitive emissions in 2050.

CONCLUSIONS

Our modeling indicates that New York City could reduce its
greenhouse gas emissions by more than 90 percent from 2010
levels by 2050 through a combination of existing and near-term
efficiency technologies, shifting all building loads to electricity,
and utilizing carbon-free electricity. We assumed that buildings
will remain functionally the same as today, without sacrificing
physical comfort. (Indeed, we assumed substantially more
widespread air conditioning.)

Taking into account natural replacement cycles, our team
developed cost estimates for improving each of our eight
buildings. Spread over 35 years from 2015 to 2050, the
corresponding capital outlays for the entire city have a
discounted net present value of $94 billion. We also developed
a rough estimate of the financial savings that would accrue from
the building energy use reductions, which had a net present
value of $87 billion. Either way, although the challenges involved
in promoting investment in these improvements are substantial,
the entire project is cost neutral when costs and benefits are
aggregated over the economy of the entire city and other
factors, described within, are included. We did not develop cost
or savings estimates for improvements to the transportation and
waste sectors.

The amount of carbon-free electric power that must be
provided to operate the city under our models is comparable to
2010 total consumption. We examined two scenarios,

one of extremely deep building retrofits, for which the results
are shown in Table 1.1, and another, discussed in section 8, where
somewhat more lax (but still challenging) retrofits

are achieved.

For the building sector, we have established a set of target
energy-use intensity (EUDT figures that, if met, will allow the
city to meet the 90 percent reduction target. A different target
EUI was derived for each of our eight building types, and

these range from 16,000 Btu per square foot for the high rise
residential masonary building to 43,800 Btu/sf for the

low rise commercial building. These figures are based on
carbon-free electricity, and so do not include any allowance
for the efficiency of fuel use in electric generation. (That is,
they are more comparable to “site” energy than to “source”
energy.) Although the 2050 building envelopes will be less
demanding than the Passive House standard, the final energy
use intensities are comparable to those in Passive House, since
the efficient heat pump systems will be powered by carbon-free
electric power.

t EUl is the energy used in a bulding in one year, divided by the floor area of
the building.
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1. SUMMARY

Table 1.1: Summary of Changes in Emissions and Fuel Use

Gross Electric Generation Required Non-Electric CO,e Emissions
Year Million kWh Trillion Joul Source Energy (Million Metric Tons)
(Million ) (Trillion Joules) (Trillion Joules) illio etric To
2010 52,500 189,000 598,000 54.3
2050 57,000 205,200 42,300 3.2

NEXT STEPS

Other paths to deep emission reductions are certainly
possible, and several different approaches should be studied,
but knowing that at least one approach can work should
provide impetus for both action and further investigation.
Several areas for future work are already clear:

« We must determine whether the very deep cuts
in building energy use that we have examined are
optimal, or whether lesser cuts combined with greater
deployment of carbon-free electricity would be
less expensive.

*« How large a workforce is needed to implement a
program on this scale and will it be possible to train
this workforce in the available time? (Some very early
estimates follow.)

* Are there material constraints on supplies or
equipment that would make the required renovation
and construction difficult or impossible?

¢ Can the work proceed incrementally for some
buildings, or is a total rehab the optimal way to
proceed?

¢ How might the work be financed?
And, of course, many issues will arise when the political and
economic aspects of such a project are investigated in greater

depth, issues that we have purposely avoided, but that must
be addressed in the near future.
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90 BY 50 - BUILDING TECHNOLOGIES
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Figure 1.3: A sample of the energy efficiency measures used in the 2050 building models.
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1. SUMMARY

90 BY 50 - LET'S GET TO WORK!

The New York City Building Congress estimated a total of
112,400 construction jobs in NYC in 2010. "90 by 50" would
create the demand for at least 11,060 construction jobs per year,
increasing employment by almost 10 percent from 2010 levels®4.

Figure 1.4: 6,500 construction workers* will be needed each year from Figure 1.5: 86,000 commercial buildings and 5.65 million residential
2015 to 2050 to install a total of 5.7 billion square feet of insulation to apartments will be fitted with heat or energy recovery systems.
building roofs and walls.

i e M B e

Figure 1.6: The installation of 99 million windows, 45 millions square Figure 1.7: 5.65 million residential apartments and 2.12 billion square feet
feet of window wall, and 31 million square feet of curtain wall will create of commercial floor area will require air sealing, creating 1,860 new jobs
2,700 construction jobs each year from 2015 to 2050. each year from 2015 to 2050.
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2. OUR BASELINE: 2010

To learn how we can reduce New York City’s carbon footprint,
we must first understand clearly what that footprint is at our
starting point: calendar year 2010.

NEW YORK CITY EMISSIONS
Greenhouse Gas
Emissions Inventory

Since 2007, New York City has maintained a detailed accounting
of greenhouse gas (GHG) emissions as part of plaNYC'. The
most recent of these reports, “Inventory of New York City
Greenhouse Gas Emissions - September 2011”2 (/nventory)
provides a deep picture of emissions in calendar 2010, which we
used as our base year.

The Inventory provides fuel use and GHG emissions data in
broad categories and numerous subcategories. Our report is
structured around the following broad categories, in order
of importance:

¢ Buildings

¢ Transportation

¢ Fugitive and Process Emissions
« Streetlights and Traffic Signals

The detailed subcategories vary and will be explained as
needed. The bulk of the work in our report is focused on the
buildings sector, which produced 75 percent of New York City’s
GHG emissions in 2010.

CO: Equivalents for Other
Greenhouse Gases

Carbon dioxide (COz) is not the only GHG contributing to
climate change. Others include natural gas (primarily methane,
CHa), nitrous oxide (N20), vapors used in air conditioning
equipment, and various other industrial and natural chemicals.
A complete list is maintained by the IPCC3. Each of these

gases has a known global warming potential, which can be
measured relative to that of CO:2. To avoid listing emissions

of large numbers of different gases, the /nventory and most
similar studies present total emissions in terms of COze (for
equivalent), the amount of pure CO:2 that would match the
overall global warming effect of the total group of gases. This is
normally written as: “In 2010, New York City emitted 54 million
metric tons of COze, which corresponds to about 6.5 metric
tons per New Yorker.” (The United States as a whole emits
about 19 metric tons CO:ze per citizen per year.) We will present
emissions of individual gases where appropriate, but all total
emissions will be described using CO:ze.

8 90 BY 50

Emission Sources:
Scopes 1, 2, and 3

Where possible, the /nventory complies with a standard
developed by the California Air Resources Board, the Local
Government Operations Protocol (LGOP)%, which is widely
used by local governments reporting GHG emissions. The LGOP
divides emissions into three categories:

¢ Scope 1: Direct emissions, such as from boilers and cars

¢ Scope 2: Emissions due to energy consumed in the city
but generated elsewhere, such as electricity

¢ Scope 3: Emissions from activities connected to
the city, but that occur elsewhere, such as aviation
fuel delivered to city airports or production of food
consumed in the city

Following the example of most local governments, the /nventory
does not include Scope 3 data in the nominal total New York
City emissions, although it does present available data. (The
Inventory total for Scopes 1and 2 is 54 million metric tons, while
Scope 3 adds another 14 million metric tons, almost all of it
airplane fuel.) While airline emissions must be reduced, the city
has very little control over Scope 3 items, and it is an area where
we lack expertise and data. Our report will follow the city’s
protocol, and will not study Scope 3 emissions in either 2010

or 2050.

The rest of this section develops the assumptions used to create
a model of the building sector and calibrate it to the data in the
Inventory. Some of the details are presented in Appendix A. For
the transportation and fugitive and process emissions sectors,
the 2010 calibration and subsequent reduction strategies are
developed in the sections devoted to those sectors.

BUILDING SECTOR
Approach

Our goal was to describe all the buildings in New York City

in a way that allows us to calculate total current and future
emissions of greenhouse gases. To do this, we first selected
eight types of buildings that spanned the structures of the city.
We then defined the characteristics of these building types,
using data from the NYC Dept. of Finance’s PLUTO database® on
existing city buildings, to determine how many actual buildings
correspond to each of our eight building types, and what total
citywide floor area each type occupies. This data allowed us to
scale the emissions of individual buildings up to citywide levels
for comparison with /nventory values. In an iterative process,
described in more detail on the following pages, we also

URBAN GREEN COUNCIL



Figure 2.1: One or Two Family House, 2010
(Basement shown as dark shadow.)

2. OUR BASELINE: 2010

determined the dimensions for each building that would make
them most representative of that building type.

We then prepared detailed models of each of these buildings
using the eQUEST building energy simulation program¢, and
adjusted the building characteristics so that each building’s
energy use corresponded to current energy use estimates, and
the total citywide fuel use and CO:2 emissions from buildings
agreed with the /nventory.

Building Types

The Inventory provides data on four categories of buildings

in New York City: residential, commercial, industrial, and
institutional. Given our resources and limitations on available
data, we subsumed all nonresidential buildings into one
category, which we refer to as “commercial,” although it includes
schools, churches, and garages. Table 2.1 presents the basic
characteristics of our eight building models. The derivation of
these characteristics is presented in the following sections.

Building Characteristics
and Populations

Several steps were needed to ensure that each of our models
represented a significant amount of floor space in New York
City, but that none of that space was represented by more
than one model. Specific ranges of data such as building

area, dimensions, and number of floors were assigned to

each building type, such that all buildings in PLUTO could be
allocated between the eight prototype models. Each record in
PLUTO corresponds to a single tax lot, which often contains
more than one building. In that case, the total floor area gives

Table 2.1: Physical Characteristics of Building Models

itdi Stories Area (sf) Dwelling : :
Building Type Above Ground Above Ground Units Construction Type Footprint
1_ or2 2 1,352 Tor2 Wood Frame “L” Shaped
Family House
Row House 3 1,992 2 Masonry Rectangular
Low Rise 4 8,558 14 Masonry “U” Shaped
Residential
Masonry High 15 122,972 205 Masonry: Punch Windows “U” Shaped
Rise Residential
Window Wall High 26 184,793 269 Floor to Ceiling Glazing “U” Shaped
Rise Residential
Low Rise 2 15,170 N/A Masonry Rectangular
Commercial
Masonry High 17 229,249 N/A Masonry: Punch Windows Rectangular
Rise Commercial
Curtain Wall High 21 192,808 N/A Steel Frame / Curtain Wall Rectangular
Rise Commercial

URBAN GREEN COUNCIL
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2. OUR BASELINE: 2010
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Figure 2.2: Low Rise Residential Building, 2010

the correct number for the lot, but other characteristics, such as
height and footprint, describe the “principal building” on the lot.
We used these PLUTO data fields to determine the building type
representing the entire lot. This allowed us to assign each lot to
one of the eight building types and derive total citywide floor
areas corresponding to each type. Some of our criteria follow:

¢ Floor Area for Residential and Commercial Sectors:
Total floor area in each lot was strongly skewed toward
either residential or commercial use in most cases. A
lot was deemed residential if 50 percent or more of
the total building floor area was listed as residential,
commercial if less than 50 percent.

¢ Low Rise and High Rise Buildings: PLUTO data revealed
that almost all floor area was concentrated in buildings
with either substantially more than seven floors or
substantially less than seven floors. We accordingly used
seven floors as the cut-off value between low rise and
high rise buildings.

¢ Proximity Code: The PLUTO data field “Proximity Code”
specifies whether a building is detached, semi-attached,
or attached. Smaller residential buildings were classified
as row houses if attached or semi-attached, and as 1-2
family houses or residential low rise (based on size)
if detached.

¢ Masonry and Window Wall, Masonry and Curtain
Wall: PLUTO contains no information regarding
building construction materials, and no other citywide
information was readily available. To distinguish
construction types, we used the data field, “year built”
as a proxy. For the residential sector, the more modern
window wall architecture was assigned to buildings
constructed in 2000 or later, as long as they had 12
or more floors. All other residential high rise buildings
are considered masonry. For commercial buildings, all
buildings constructed before 2000 were designated
as masonry, while high rise buildings constructed
during or after 2000 were designated as curtain wall.
The selection of 2000 as a cut-off year was based
on discussions with members of the construction
community, but is clearly somewhat arbitrary.

These and other criteria are summarized in Table 2.2, and the
resulting citywide areas corresponding to each building type are
shown in Table 2.2 and Figure 2.3.

With these assignments complete, the eight building models
were refined by evaluating the average values of the number of
floors and, for residential buildings, dwelling units from PLUTO
data for each building type. The floor area per building in each
category was found by considering all the buildings in that

Table 2.2: Criteria for Classification of 2010 Citywide Building Area
P Stories Area (sf) . . Number of Citywide Area
Building Type Above Ground Above Ground Time Period Buildings (Million sf)
1or2 1to 3 < 3,001 Al 340,273 460
Family House
Row House 1to 4 < 5,001 All 389,887 777
Low Rise (Excluding 1-2 Family
Residential Tto7 and Row House) All 170,714 1,461
i 8 to 150 N/A 1700 - 1999
Masonry High 6,363 782
Rise Residential 8to 12 N/A 2000 - 2010
Window Wall High 13 to 150 N/A 2000 - 2010 388 72
Rise Residential
Low Rise Tto7 N/A All 69,352 1,052
Commercial
Masonry High 8 to 150 N/A 1700 - 1999 2,941 674
Rise Commercial
Curtain Wall High 8 to 150 N/A 2000 - 2010 271 52
Rise Commercial

10 90 BY 50
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High Rise Commercial
(Curtain Wall) 1.0%
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High Rise Commercial
(Masonry)

Row House

Low Rise
Commercial

Low Rise
Residential

High Rise Residential
(Window Wall) 1.3%

High Rise Residential
(Masonry)

Figure 2.3: Citywide Building Area Breakdown by Building Type

category and dividing the total floor area by the number of
buildings. These data are shown in Table 2.1.

The shape of the buildings varied to match the data. For the row
house and all commercial buildings, we adjusted the frontage
and depth to give a rectangular footprint and floor area that
agreed with these overall average floor areas. For the one

or two family house, we adopted an L-shaped footprint, and

for the other residential buildings, a U-shaped footprint, with
dimensions chosen so that the frontage and depth agreed with
the average values of the principal buildings for each type, while
the areas agreed with the overall averages for that type. Sample

(a s

2. OUR BASELINE: 2010

footprints are shown in Figure 2.4. In this way, the building
models fully represent the varied range of building types that
are present citywide.

Building Simulation

Detailed building simulation models of each of the eight building
types form the core of this study. This section, supplemented

by Appendix A, presents details of these models and describes
how their outputs are scaled up to permit calibration against
known current fuel use and carbon emissions.

eQUEST/DOE-2.2 Models

DOE 2.2 is a widely used and comprehensive building simulation
model. Able to represent many construction types, equipment
choices, and building characteristics such as air infiltration

and solar gain, it calculates thermal energy gained or lost, and
the equipment operations necessary to maintain specified
indoor conditions hourly for periods of up to one year. eQUEST
is a user-friendly graphical interface to DOE 2.2 that makes
definition of a building model much easier than it would be if
working directly with DOE 2.2.

The construction techniques modeled in each building type
were typical for such buildings, but were adjusted to calibrate
energy use to citywide totals. Some of our initial models were
based on simulation files graciously supplied by the Department
of City Planning, which they regarded as more or less
representative of city building stock. (We have so modified the
models since then that the department is in no way responsible
for any aspect of our results.) Several key parameters for each
building are shown in Table 2.3. All buildings were assumed to
have double-glazed windows or curtain walls, and to use gas for
cooking and laundry dryers.

(b) s

Figure 2.4: Sample footprints for (a) L-shaped building and (b) U-shaped building.
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2. OUR BASELINE: 2010

Building Energy Use

Every building consumes energy for heat, hot water, building
services like elevators and pumps, appliances, cooking, and a
host of other end uses. To provide accurate models with which
to assess our ability to reduce these loads, we had to insure
that simulate energy consumption agreed with a variety of data
sources, including:

* The Inventory (both fuel use and emissions),
¢« New York City Benchmarking results,

¢ Internal eQUEST default values for some quantities such
as pumping energy, and

¢ Other detailed studies of energy use in buildings, either
in New York City or of national scope.

The overall goal was to develop eight model buildings that,
when looked at as individual buildings, could reasonably present
the operating characteristics of actual buildings of that type,
and which, when energy use was scaled up using the ratio of

all the floor area in the city of that type to the floor area of that
building, would reproduce the fuel use and emissions reported
in the /nventory. The process for carrying this out was complex,
and is reported in detail in Appendix A. Here we touch on a few
key points.

First, each building type may have its heat and hot water
needs served by more than one fuel, including gas, oil (#2,

#4, and #6), electricity and Con Ed steam, as shown in Table
2.3. Rather than create separate eQUEST models for each
heating system, we created one model of each building and
used it to find the actual heating and hot water loads. Then we
calculated fuel use for each type of heat used in each building,

Figure 2.

5: High Rise Window Wall Residential Building, 2010

Table 2.3: Energy Characteristics of 2010 Building Models
- Glazed Air Conditioning | Plug Loads Ambient . Source EUls
Building Type Fraction Type (W/ft?) Lighting Main Fuel Types (kBtu/sf)**
1or 2 Family . Mostly . .
House 15% Window 0.7 Incandescent #2 Oil, Gas, Electric 153
Row H 30% Wind 0.6 Mostly #2 Oil, Gas, Electric* 144
ow House 6 indow . Incandescent il, Gas, Electric
Low Rise o . Mostly Gas, #2 Qil, #6 Oil,
Residential 30% Window 0.6 Incandescent #4 Oil, Electric* 136
Masonry High o ) Mostly Gas, #6 QOil, Steam,
Rise Residential 30% Window 0.7 Incandescent #4 QOil, #2 QOil, Electric* ns
Window Wall High 50% PTAC 07 Mostly Electric, Gas 126
Rise Residential Incandescent
Low Rise o Gas, #2 Oil, Steam,
I Commercial 30% Rooftop 10 Fluorescent | b\ trict, #4 Oil, #6 Oil 290
Masonry High o Gas, #6 Oil, Steam,
Rise Commercial 30% Central 13 Fluorescent | 56il, #4 Oil, Electric* 217
Cl.tham wall ngh 60% Central 1.3 Fluorescent Gas 222
Rise Commercial
* Electricity is used for less than 3% of buildings
** Source EUIs computed at 9,547 Btu/kWh (See text and Appendix A)

12 90 BY 50
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2. OUR BASELINE: 2010

incorporating standard assumptions on the efficiency of each
system. Matching building fuel use and emissions to those in
the /nventory was achieved by making adjustments to building
characteristics such as infiltration, insulation, and the efficiency
of the fuel-using equipment.

Srisemsnsmssasmais Table 2.3 includes a column indicating the source EUI we found

T 1 - for each building model. The source EUI of a building includes
both the energy consumed within the building (known as "site
EUI") and the energy used to produce that energy. The fuel used
in power stations to generate electric energy is roughly triple
the energy delivered as electricity. As is explained in more detail
in Appendix A, the appropriate ratio for New York City in 2010
was 2.867, a heat rate of 9,782 Btu/kWh, and we used this rate
in calculating source EUIs in 2010 for Table 2.3.

. Emission Summation

Figure 2.6: Commercial Low Rise Building, 2010 The fuel and electricity use for each building model was then
scaled up to represent usage of each fuel and electricity from all
the buildings in that type, using the ratio of all the floor area in
the city corresponding to that type of building to the floor area
in that building model. The associated emissions of GHGs were
also calculated using the conversion factors from the /nventory,
and compared to /nventory emissions in the buildings category.

e

The Inventory lists fuel use and emissions separately for #2,

#4, and #6 fuel oil and for electricity, steam, and natural gas.
Matching our citywide totals to the /nventory totals provided the
constraints that allowed us to determine the fuel splits in each
building type, although there was some leeway in exactly how
the splits were assigned.

The result of this exercise was a full-scale model of building
energy consumption and emissions in New York City, based

on eight building types, detailed data on the characteristics of
buildings, and sophisticated models of the energy performance
of the eight building types. Calculated fuel use and emissions for
the entire city agreed with those in the /nventory to one percent
or less. As described in succeeding sections, this model was
then used to show how energy use in the building sector can be
drastically reduced.
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3. WHERE WE MUST GO:
REDUCTION TARGETS

GLOBAL AND NATIONAL
REDUCTION TARGETS

According to a broad consensus of climate scientists, the world
must reduce greenhouse gas (GHG) emissions by 80 percent
by 2050 to be confident that atmospheric concentrations of
CO2 can be held below 450 parts per million (ppm)’. (It was
historically 280 ppm, and has now risen to 390 ppm.) This

will make possible a global temperature increase of less than
2°C, providing some level of assurance that dangerous climate
change can be averted. A detailed analysis shows that if these
requirements are to be met in the long term, industrialized
countries must also reduce their emissions by 80 percent below
2000 levels by 20502, and we use this goal as a starting point.

70 —

2005 Baseline

60 —

50 -

45 —

40 —

35 —

30 -

25 -

20 —

Million Metric Tons of CO.e

NEW YORK CITY’S TARGETS

Unfortunately, accurate GHG emissions data for the city date
back only to the first year of the /nventory, 2005. Emissions
actually declined 12 percent from 2005 to 2010, due largely

to improved utility operations. However, in all likelihood they
increased along with those of the rest of the U.S. from 2000 to
2005. Given good data for 2010, and the likelihood that the 2010
levels are not too far from 2000 levels, we have elected to use
2010 as our base year.

If a goal of an 80 percent reduction in emissions by 2050 is
appropriate for the U.S. as a whole, it is too modest a goal for
New York City for several reasons.

2010 Baseline oy

2005 2010 2015 2020 2025

Figure 3.1: 90 by 50 trajectories compared to plaNYC goals.
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¢ First, our analysis is based only on Scope 1 and Scope
2 emissions. This means that none of the emissions
associated with feeding and clothing our population,
building our homes, offices, and roads, and flying to
other cities or countries are included. It is not at all clear
what an appropriate adjustment would be, but aiming
for an additional 10 percent reduction is a step in the
right direction.

* Second, some of our reduction measures will fail or
prove more difficult or expensive than is now thought,
and some margin for slippage is important, given
the seriousness of the threat and the uncertainty of
the analysis.

¢ Finally, New York City, with its dense urban environ-
ment and efficient transportation, already has very low
per capita emissions, but may still be in a position to do
more than other, more dispersed regions of the country,
which are more dependent on motor transportation.
Because we can lead, we should lead.

So, although there is clearly much room for discussion, our
target is a 90 percent reduction, rather than 80 percent.

For comparison, Figure 3.1 shows the emissions goals of

this report superimposed on plaNYC’s goal of a 30 percent
reduction by 20303, The figure shows two ways to approach
the "90 by 50" goal: one of constant percentage reductions,
lowering emissions by 5.6 percent each year, and one of
constant reductions of 1.2 million metric tons per year. The
percentage reduction trajectory will result in 880 million metric
tons total emissions over the 40 years of the effort, far less
than the 1,225 million metric tons that would be emitted if the
constant reduction trajectory were to be followed. The figure
also shows that in either case, the current plaNYC goals are not
stringent enough to put us on a path to a 90 percent reduction
by 2050.

APPROACHES TO EMISSION
REDUCTIONS

Next, we determined what deep energy retrofits would be
needed to eliminate essentially all CO2 emissions, so that

the buildings sector of 2050 relies exclusively on carbon-

free electricity. To do this, we needed projections for the
building population in 2050. Our approach, based on standard
population projections, is described in detail below. Essentially,
the future building stock will consist of the buildings that are
here today, minus those that are torn down, plus those that are
built between 2010 and 2050. We made one basic, simplifying
assumption: Because we find that only very deep retrofits will
provide for a carbon-free future, we treat all 2050 buildings as
the same within each category. Whether a commercial high-rise
building was built in 1970 and then retrofitted in the 2020-2050
time frame, or will be well constructed in 2040, it is represented
by the same eQUEST model.

Since we choose carbon-free technologies to power the building
sector, we find no greenhouse gas emissions from buildings

in 2050. Rather, our result is an estimate of the electric power
needed to operate the building sector in a truly sustainable
manner. This does result in a peculiarity: in-building combined
heat and power (CHP, or cogeneration) is one of the most cost-
effective and valuable technologies available today. If biogas
can be produced to operate it, it will also have an important

URBAN GREEN COUNCIL

3. WHERE WE MUST GO: REDUCTION TARGETS

p— 4 & >
Figure 3.2: Dumont Green in Brooklyn is partially powered by 80.5 kW of
electricity from its photovoltaic system.

Table 3.1: 2010 Emissions and 2050 Targets
Sector _2910 . 2050 Reduction
(Million Metric Tons CO,e)
Buildings 40.6 0.0 100%
Transportation n.4 52 54%
Fugitive 228 0.26 88%
and Process
Streetlights 0.08 0.0 100%
and Signals
Total 54.3 5.4 90%

role to play in a sustainable future. However, the complexity of
including a relatively small amount of CHP in our models led
us to exclude it from the 2050 scenarios. The CHP option is
discussed further in Section 8.

For the transportation and waste sectors, there will be emissions
from residual fuel use, and these must be brought below our
reduction targets. There will also be increased electricity
consumption, especially in the transportation sector.

EMISSION TARGETS

Deriving a target corresponding to a 90 percent reduction in
Scope 1and 2 emissions by 2050 is straightforward, and the
results are presented in Table 3.1. All electric energy is assumed
to be carbon free. (The viability of this assumption is discussed
in Section 8.) Modest trade-offs are possible between the
transportation and fugitive and process sectors, but the split
shown below matches our findings. The following sections will
show possible strategies for meeting these targets.
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3. WHERE WE MUST GO: REDUCTION TARGETS

The Scope 3 emissions reported by New York City for 2010
were 14.3 million tons of CO:ze, constituting 21 percent of a
grand total of 68.6 million tons of CO2e. These Scope 3
emissions were overwhelmingly airplane fuel at the city’s
airports, and since airplanes are far from our areas of expertise
and many other items such as food production were not
included, we have made no attempt to identify reduction
paths for Scope 3 items.

Table 3.2: 2010 Population and Employment and
2050 Projections

2010 2050 Increase
Population 8,180,000 9,350,000 14%
Employment 4,610,000 5,940,000 29%

Table 3.3: 2010 Citywide Floor Areas and 2050
Projections

Building Type 2010 2050
9 1yp (Million Square Feet)
lor2
Family House 460 526
Row House 777 889
Low Rise
Residential 1,461 1,671
Masonry High
Rise Residential 782 876
Window Wall High
Rise Residential 72 101
Residential Total 3,552 4,063
I Low Rise 1,052 1,252
Commercial
Masonry High 674 802
Rise Commercial
Curtain Wall High 52 62
Rise Commercial
Commercial Total 1,778 2,116
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POPULATION AND
EMPLOYMENT PROJECTIONS
FOR 2050

New York City has grown dramatically in recent decades, in
both population and jobs, and there is no indication that this
trend will abate. Consequently, our projections for energy use
and emissions in 2050 must be based on estimates of increased
population, employment, and building area. Our projections are
summarized in Tables 3.2 and 3.3 and discussed below.

A presentation by the New York Metropolitan Transportation
Council* provided population and employment forecasts to
2040. Following a suggestion from our advisor at the NYC
Department of City Planning, population and employment
values were kept constant from 2040 to 2050 rather than
continuing to grow. This approach was recommended due to
the highly uncertain nature of the forecasts. For example, it is
unclear whether linear growth can be sustained given the city’s
spatial constraints.

Population information was used to determine the residential
building area most likely to be present in 2050. Based on 2010
PLUTO data, we calculated a residential area population density
of 434 square feet per person. Rather than resolve conflicting
trends toward greater or less area per capita, this value was kept
constant and used to provide an estimate for the residential
building area that will exist in 2050, representing a 14 percent
increase from 2010 to 2050.

The window wall high rise residential design is an intrinsically
poor design from an energy perspective, and we assumed that
building codes will advance sufficiently to ensure that no more
are built after 2020. The projections shown in Table 3.3 assume
that all residential high rise construction after 2020 is masonry.
Except for the window wall case, we assumed equal growth in
each building sector. An argument could be made that there will
be more growth in taller buildings and less in one and two family
homes, but uncertainty in how to allocate differential growth led
us to choose the simple approach.

Similarly, employment information was used to determine

the commercial building area most likely to be present in

2050. From PLUTO data, we calculated a commercial area
employment density of 386 square feet per employee. This
value was decreased by 1 percent every five years, as shifting job
categories and economic pressure result in smaller workspaces.
Even with this slowed growth, we anticipate a 19 percent
increase in commercial building area from 2010 to 2050.

The additional residential and commercial buildings in our
projections can be accommodated on about 60 percent of the
8,900 acres of vacant land currently in the city®. However, the
actual area required will be less than that to the extent new
construction is focused on high rise buildings, as we expect
will happen, and on the replacement of low rise buildings with
taller ones.
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4. BUILDING SECTOR:
ENERGY REDUCTION
MEASURES AND

SAVINGS

OVERVIEW

Reductions of energy use in and emissions from buildings are
achieved by a series of technical improvements called energy
efficiency measures, or often, just “measures.” These measures
make possible reductions in energy use for heating, cooling, and
domestic hot water (DHW). To make “90 by 50” possible, it was
necessary to reduce loads sufficiently to allow much smaller
heating, ventilation, and air conditioning (HVAC) systems to
provide comfort using only electricity, and the measures that
made this possible are discussed in this section.

The impact of the measures was estimated using the eQUEST
models described previously, starting with the models as tuned
to the 2010 EUIls and emissions, and adding the measures
appropriate to each building. The measures are summarized in
Table 4.1 and described in more detail below. The primary result
of the modeling was a set of substantially lowered EUIs for

the buildings, and reduced total electric energy use and peak
demand for each building and for the city as a whole.

Our analysis examined only technical reductions and assumed
no significant lifestyle changes take place. We left the
thermostats near 70°F in winter and 75°F in summer for both
2010 and 2050, although people could adopt lower interior
temperatures in winter and higher ones in summer in response
to either prices or greater environmental awareness. We did
not include potential savings from telecommuting, which could
result in less growth in office space and more intense use of
existing residential space in addition to transportation savings.
Smart controls such as occupancy sensors can dramatically
lower heating and cooling loads, but we have used only
standard clock-driven setbacks. We also primarily make use

of technologies that are available today, although sometimes
in niche markets, but we will point out alternative emerging
technologies in our discussions.

Because the infiltration and insulation standards imposed here
are rigorous, we also examined a second case where our targets
were missed, represented in the building models by greater
infiltration and less additional insulation. The corresponding
increased electric energy use and demand were found from

the adjusted models and are compared to our primary deep
reductions case later in this report.

URBAN GREEN COUNCIL

MINIMIZE AIR
EXCHANGE LOSSES

Air leaks in buildings occur in numerous places, including cracks
in the walls, floors, and ceilings; through gaps around windows
and doors; and through leaks in the ductwork. Substantial air
sealing and ventilation control, combined with heat or energy
recovery systems can alleviate these losses.

Historically, much of residential ventilation has been supplied
by air leaks, here described as infiltration. This is a very poor
source of ventilation, since airflow varies widely depending

on wind speed, indoor versus outdoor temperature, and other
variables. In modern construction, every attempt is made to
reduce uncontrolled infiltration, so that ventilation can be
managed either by windows or by mechanical fan systems. For
each 2050 building model, the infiltration rate was reduced to
0.2 air changes per hour (ACH) at atmospheric temperature
and pressure (ATP). (For comparison, air infiltration in a passive
house is typically no greater than 0.03 ACH - six times less - at
ATP). With these low levels of infiltration, healthy air must be
maintained by mechanical ventilation.

Achieving 0.2 ACH at ATP from the average building will require
a substantial improvement in air-sealing practice. Using today’s
technology, this upgrade to the city’s building envelopes would
be carried out by technicians armed with caulk guns, sealing
tape, blower doors, and smoke sticks, and would be quite
expensive. (See Section 5 on costs.) A more effective possibility
is emerging out of work to mitigate leaks in ductwork carried
out at Lawrence Berkeley Laboratory?’, in which an aerosol of
sealant material is released in a pressurized duct in which the
normal exit louver has been sealed. As air passes out through
leaks, it deposits sealant in the holes, which thereby become
sealed. (Classical auto radiator sealants operate on a similar
principle.) For ductwork, the process is now commercially
available under license from Aeroseal Corporation. Current
practitioners of Aeroseal regarded the use of this approach

on entire apartments as a possible future technique, but
pointed out that several open issues, including evacuation of
both residents and furniture from the apartments, protection

of doors, windows, electrical outlets, and other “legitimate”
penetrations, and the current high cost for the sealing material?.
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4. BUILDING SECTOR: ENERGY REDUCTION MEASURES AND SAVINGS

Table 4.1: Building Shell and HVAC Measures
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LOWER VISION GLASS TO
50 PERCENT MAXIMUM

Today’s high rise curtain wall and window wall buildings
commonly have greater than 50 percent vision glass. While an
unobstructed view is a major selling point, this glass leads to
high AC loads, greater heat loss in winter, and often to excess
glare within the building. We assume that most such buildings
will require extensive re-skinning during the next 40 years. For
example, GreenSpec reports “Major refurbishment period is 25
- 35 years and includes replacement of insulating glass units,
gaskets and capping to frames as necessary.”®* We assumed that
at that time, the vision glazing would be reduced to 50 percent
or less of the total exposed wall, replaced by spandrel glass that
can be well insulated while preserving the exterior appearance.

The proposed reductions in glazing will not compromise
existing daylighting. In most circumstances, more than 40
percent glazing does not lead to lowered artificial lighting
usage?, and it is best if the glazing is relatively high in the
interior walls, and the light is directed in and up to bounce
off the ceilings. Consequently, the addition of spandrel glass
on lower portions of the wall will not impact any daylighting
advantage in these buildings.

On window wall buildings, we similarly assumed that the vision
glass fraction will be lowered to 50 percent during facade
rehabilitation. In our model, there was already less than 50
percent vision glass, so we made no change and took no credit
in the modeling.
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INCREASE INSULATION ON
OPAQUE AREAS

Levels of thermal resistance in the opague portions of the walls
of New York City buildings range from the R-2 to R-4 levels
typical of uninsulated brick and wood frame structures to

values in the range of R-8 to R-10 for modern, code-compliant
buildings. Roof insulation is typically higher, with current code
requirements of R-20 to R-38 in commercial buildings and R-38
in smaller residential structures. All of these levels are well below
what is optimal in a low-energy-use building.

Our 2010 building models incorporated relatively low levels of
insulation, chosen to match typical construction and to give
EUIs and emissions matching those of the actual 2010 city.
These generally fell short of current code requirements. For
2050, all residential buildings were upgraded to R-50 roofs,
with R-30 walls on the one or two family house and R-20 walls
on other residential buildings. Opague areas on commercial
buildings were upgraded to R-30. Below ground, R-11 was added
to the walls. In the computer models, this was easy to do. In real
life, there will be complications.

There are legitimate aesthetic concerns related to adding
insulation to buildings, but they should not be overstated. First,
our assumptions do not require that R-20 be added to each
wall, but that enough insulation be added to provide a total
resistance of R-20. Second, the insulation can most easily be
added to the building’s exterior, but when this is not appropriate
(as for any architecturally pleasing front facade), insulation
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Figure 4.1: Standard EPS and equivalent vacuum foam R-39 insulation.

can be added to the interior of the wall. Finally, R-20 and R-50
represent average values, and some buildings will be below, and
others, above average. Discussion of these three points follows.

A total thermal resistance of R-20 does not necessarily require a
bulbous addition to the building. A typical building might have
R-8 walls already, so an additional R-12 will be needed. Standard
XPS foam board is R-5 per inch, so that would require a 2.5-
inch layer to be added. However, polyisocyanurate is currently
available at R-7 per inch, requiring slightly less than 2 inches.
But these are examples of what is readily available today in
builders’ supply stores. Aerogels are now available at a premium
price that offer more than R-10 per inch®. Dow has an available
vacuum foam insulation rated at R-39 per inch®, greatly reducing
the required thickness, as shown in Figure 4.1.

Where would this insulation go? The exterior is preferable when
possible. In this case, some form of surface material, whether
stucco or a part of a factory-prepared modular system, would
be required to provide physical integrity and to shed water.
Since many, if not most, New York City buildings are constructed
up to the legal limits of lot lines and setbacks, challenges will
arise. Some of these challenges have already been met by the
Zone Green’ changes to the NYC Zoning Resolution, which

U-VALUE AND R-VALUE

The ability of a material to conduct heat is measured

by its “U-value,” where U=2.0 indicates that 2.0 British
thermal units (Btus) of heat will flow through one square
foot of the material (at a specified thickness) each hour
for each degree of temperature difference across the
object. The “R-value” measures thermal resistance and is
equal to 1/U, so an object with U=0.5 would have R-2.0. R
values are commonly used for walls and insulation, and U
values for windows and other glazing, but either is a valid
description of heat conduction in any material.
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Air-tight seals

Low emissivity coating

Argon gas fill

Glass or polymer
inner glazing

Low thermal
conductivity frame

Figure 4.2: Details of triple-glazed window.

now permit up to 8 inches of insulation to project over
legal setbacks and city lot lines, as long as the insulation is
effective. Also, this insulation no longer results in greater
floor area for taxation purposes. Property lines present
substantially greater challenges.

It is also important that additional insulation not be allowed
to cover fagade deterioration, since the original facade

will no longer be visible. The addition of insulation must

be accompanied by careful inspection of the condition of
external masonry, with repair preceding the addition of
insulation, and rigorous standards maintained to ensure that
water penetration beneath the insulation is minimal and the
cavity well drained and ventilated.

Owners of brownstone town houses and many other
buildings with decorative facades will not want to utilize
external insulation, but other options exist, starting with
additional interior insulation. Interior insulation must be
evaluated carefully, as not all masonry can withstand the
increased temperature cycling that will occur if it is isolated
from the interior®.

Also, these target EUls and R-values are averages across

the entire city, and if some buildings go beyond these
average requirements, others can lag behind. For example,

if a building does not meet these insulation targets, more
electricity will be required to provide heating and cooling

for that building. Since electricity prices will certainly rise, a
somewhat higher heating bill may be the price for a beautiful
front facade left untouched.

INCORPORATE TRIPLE
GLAZING

Until the 1980s, windows in New York City were almost all
single glazed. (That is, they consisted of a single layer of
glass.) A single-glazed window has a whole window average
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4. BUILDING SECTOR: ENERGY REDUCTION MEASURES AND SAVINGS
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Figure 4.3: Upper floors of 2050 High Rise Masonry Commercial building, showing sun shades.

U-value of about 1.0, transmitting far more heat than the walls
of even those poorly insulated buildings. Partly in response to
the oil crises of the time, building standards were stiffened, and
various financial incentives made available. In the space of 20
years or less, almost all windows were replaced with double-
glazed models, and double glazing became the standard for
curtain wall construction as well. An average double-glazed
window with a thermally broken aluminum frame has a U-value
of about 0.50, although high-performance versions with
fiberglass frames (for windows) and carefully constructed
mullions (for curtain walls) can be as low as U=0.32.

However, to bring buildings down to the performance range
envisioned in this study, another step is needed: triple glazing.
This can be accomplished either by adding another layer

of glass or, for lower cost and weight, by adding a layer of
polymer film between the two layers of glass. (This provides
all the thermal advantages of a glass layer with a much
smaller increment in weight, but there are other important
technical differences.) With a high-quality triple-glazed
window or curtain wall, U=0.20 is readily achievable, and that
is the glazing represented in all 2050 building models. The
technology is illustrated in Figure 4.2.

We consider this technologically conservative; it is a known
and easily obtained technology today, although rarely used in
the U.S. due to somewhat higher cost and a lack of familiarity.
Transparent aerogels® are in development that will allow
U-values as low as 0.05 (R-20), and are likely to be available
well before 2050, but we have not used them. Nor have we
relied on electrochromic glass', for which the reflectivity can
be controlled electronically to facilitate daylighting and lower
AC loads.
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ADD SUNSHADES TO
SOUTH WINDOWS

Sunshades control the amount of direct sunlight allowed to

pass through a building’s windows. By deflecting heat and

glare, sunshades can reduce cooling equipment loads, leading
to decreases in cooling energy cost. The size and placement of
the sunshades is highly dependent on the geographic location
of the building, including the direction that the windows face. In
the Northern Hemisphere, sunshades over south-facing windows
block sunlight in summer months when the sun is higher in the
sky, reducing heat gain into the building. In winter months, when
the sun follows a lower path in the sky, heat gain through the
windows remains substantially unaffected. For our 2050 models,
sunshades 3 ft. in length were installed horizontally, directly
above the south-facing windows, as shown in Figure 4.3 for the
high rise commercial building.

These static shades, used only on the south-facing windows,
are the simplest form of solar gain control. Shades can be
purchased today that can be adjusted to match the seasons or
even the time of day. Vertical blinds offer advantages in some
cases, venetian blind configurations facilitate daylighting, and
blinds appropriate to east- or west-facing windows can also be
used. None of these more complex options were employed in
our models.

THE INTERACTION OF
ARCHITECTURAL MEASURES

The levels of change we are examining in our models will raise
eyebrows. Each of the proposed measures above calls for a level
of insulation, air sealing, or glazing that is not currently regarded
as worthwhile. If the measures were regarded in isolation in a
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typical contemporary building, there is truth to that. There is
no point in adding insulation up to the R-20 level (over R-10)
if heating and cooling loads driven by infiltration, ventilation,
and equipment inefficiency are left at their current high levels.
The last R-10 increment of insulation will do very little to the
overall heating or cooling load, since the heat will be leaving
or entering the building through those other modes.

However, the only path to a truly low-energy building is to
reduce all loss pathways. When this is done, and all routes
for unwanted heat loss or gain are treated as a unified whole,
then each of the measures considered here will still make
significant contributions to energy use reduction, even at
these “extreme” levels.

Because of the uncertainty of economic data, from measure
costs to fuel prices, we have made no attempt to optimize
the relative levels of implementation of these measures
economically. We have, rather, leaned heavily on the
techniques and levels of implementation developed in the
Passive House' program, since these have been shown to
result in comfortable, livable, and cost-effective structures
when properly implemented.

HEAT RECOVERY
VENTILATION

The ASHRAE 62.1 Ventilation for Acceptable Indoor Air Quality
standard'? requires certain minimum airflow rates based on
building area and occupancy. For our building models, we
settled on air exchange rates double those of the ASHRAE
standard. For the residential buildings, the forced airflow
rates were modeled as 0.12 cfm/sf and 10 cfm/person. For
commercial buildings, the flow rates were modeled as 0.24
cfm/sf and 20 cfm/person. For some residential settings,
lower rates would be regarded as acceptable’, but since (as
we will see) this level of ventilation allowed quite low HVAC
loads, we maintained the same rates in all buildings.

Simply bringing those levels of fresh air into the buildings
would impose substantial loads in both winter and summer.
To minimize loads, energy recovery ventilation (ERV) was
implemented in our models. During the winter months,

heat and desirable humidity was used to precondition the
incoming cold, dry air. During summer months, the incoming
air was precooled and dehumidified. The system modeled
here operated with an overall efficiency of 75 percent. Energy
recovery ventilation in residential settings is commonly based
on plate heat exchangers, especially in the single-apartment
sizes we envisioned in our modeling, while larger commercial
systems use an enthalpy wheel. We used the wheel in the
computer model for all buildings for simplicity, but it gave
essentially the same thermal savings and electric usage as a
plate heat exchanger would have in the residential buildings.
The operation of both devices is shown in Figures 4.4 and 4.5.

MINI-SPLIT HEAT PUMPS FOR
MOST RESIDENTIAL HVAC

Window and sleeve air conditioners are notoriously leaky.
An earlier Urban Green Council study' found that the
heating bill associated with making up for air leaks around
air conditioners in the winter was comparable to the electric
bill for air conditioner usage in the summer! Leaks can be
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Cool, Fresh Air
from Outside

Warm, Stale
Air from
Inside

Stale Air
to Outside

Pre-heated
Fresh Air to Inside

Figure 4.4: Heat recovery ventilation warms outdoor ventilation air on
the way in and is primarily used in residential settings.

Pre-heated Fresh Air to

Cool, Fresh Inside

Air from 7
Outsid‘
—— ’

Warm, Stale
Air from Inside

Stale Air to Outside

Figure 4.5: Energy recovery ventilation captures both heat and moisture,
to retain humidity levels, and is primarily used in commercial buildings.

prevented by systems that separate the condenser unit, which
is outdoors, from the evaporator, which is indoors, connecting
them only by tubes for the refrigerant and condensate water.
As air conditioners, these are standard systems for centrally
cooled single-family homes, and are available in apartment
sizes, colloquially called “mini-splits.” However, they can also be
redesigned to operate as heat pumps in the winter, with the role
of the condenser and evaporator reversed. One manufacturer’s
has a broad line of these machines, which we used as examples
for our models, but many others will undoubtedly become
available soon. Not only does this technology allow complete
electrification of heating as well as cooling, but it also provides
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Figure 4.6: 2050 Row House

a way to remove residential heating from central building
services and put it in the control and at the expense of the
resident — the most error-free way to minimize heating waste.

Because of our substantial load reductions, it is possible in our
models to heat and cool apartments, houses, and row houses
with equipment with much lower capacity than is currently in
use. We chose a cooling energy efficiency ratio (EER) of 16
Btu/watt-hour and a heating coefficient of performance (COP)
of 3.6, performance that is available today, although at

a premium price. An area where development will have to
occur is in the capacity of available systems, as deep retrofits
such as these will open a market for apartment systems with
capacity comparable to or less than that used in a single
window unit today.

Installation of mini-splits in some developing countries has
resulted in buildings festooned with an ugly collection of
condensers, but this is not a necessary part of this technology.
A variety of shapes and implementations for multifamily
buildings are possible. Downsizing will permit development

of well-designed, well-sealed, and well-insulated mini-splits
that will fit into the sleeves currently holding large air
conditioners. Alternatively, condensers can hang on a rear

or courtyard wall, while evaporators are distributed in the
apartment where needed.

Our models use mini-splits for heating and cooling in all
one and two family homes, row houses, low rise residential
buildings, and the high rise window wall residential building,
which is already heated and cooled by inefficient packaged
terminal air conditioners (PTACs), which these units

will replace.
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WATER-SOURCE
AND GROUND-SOURCE
HEAT PUMPS

Since our deep-efficiency retrofits have lowered building

loads in the models dramatically, the next step is to use high
performance building systems to provide heating and cooling.
Consequently, our models provide these services to commercial
buildings and the high rise masonry residential buildings with
ground-source heat pumps, circulating water through deep
vertical wells and depositing the building’s excess heat in the
earth during the summer, while retrieving it to provide space
heat in the winter.

Open loop systems, where the circulating fluid comes in direct
contact with the earth, are best in dense urban environments
because of their high capacity per area for a well field. This
technology is now well known in New York City, having been
implemented at the Center for Architecture’', the General
Theological Seminary'’, and other buildings. It is still expensive,
and drilling the wells is disruptive, but there are few serious
technical barriers to its deployment. Practical barriers remain.

The main practical barrier with open loop systems is that

site specific geological conditions, unknown until the drilling
of a test well, have a major influence on the capacity and
maintenance requirements of the well field. Lack of water
intrusion in the well or unstable or sandy earth conditions can
lead to overheated wells or sand intrusion into the building
system. There are techniques for remedying these conditions,
such as drilling more wells or supplementing the system with
another source.

Another barrier is the reluctance of the NYC Department of
Environmental Protection to permit drilling anywhere near
the city’s water tunnels. Another is the extensive underground
infrastructure of water supply pipes, sewers, subway tunnels,
and wire conduits. However, a well requires a space of only a
few square feet in, for example, a sidewalk, and as experience
is gained, the subsurface is better mapped, and authorities
gain confidence in the accuracy of drilling, relaxation of these
restrictions must be a priority. Ground source heat pumps are
readily modeled in eQUEST, although the simulation does not
look carefully at the subsurface heat exchange.

Distribution makes use of existing piping systems for all

two- (or four-) pipe systems, replacing or supplementing
existing radiators or convectors with fan coil units to provide
cooling capability. Two-pipe steam can be converted directly
to hydronic with partial® or complete replacement of the
distribution system, while for one-pipe steam systems, the pipe
must be replaced or (if in very good condition) a pipe added.
The substantially lower loads allow for considerable downsizing
in pipe and radiator sizes.

Optimal design of ground-source heat pumps calls for the
heating and cooling loads to be balanced, so there is no long-
term heating or cooling of the earth, which would be a problem
both for the building causing the change, and for neighboring
buildings also using the technology. Consequently, the best way
to design such a system is to size both heating and cooling for
the smaller of the two loads, and make up the remainder of the
larger load with a separate system. For residential buildings,
which generally have larger heating loads, this would require
either an air-source heat pump or electric resistance heat. For
commercial buildings, it would require an additional central air
conditioner with a rooftop cooling tower. While this path is more
likely to be followed in reality, we did not take the time to model
it, since reducing the capacity of the ground-source system

URBAN GREEN COUNCIL



will almost certainly cover the cost of the make-up heating or
cooling system, and the change in efficiency will not be large.

AIR-SOURCE HEAT PUMPS
FOR DOMESTIC HOT WATER

Domestic hot water (DHW) needs in New York City are
commonly met by burning a fossil fuel, or in some cases, with
an electric resistance hot water heater. Neither technology will
be useful in the future envisioned in “90 by 50.” A technology
now gaining commercial acceptance, called an air-source

heat pump (ASHP), withdraws thermal energy from the air
surrounding the device and uses it to provide DHW?°, Because
the water is heated only to a modest 124-130°F, the machines
operate at a COP of 4.0t. They are assumed to be located

in the conditioned space, and as a result they provide “free”
cooling and dehumidification in summer, lowering cooling
loads substantially, while adding to the heating load in winter.
These interactions are accounted for in the eQUEST modeling,
and these units supply DHW in all buildings, except for that
supplied by the technology in the next paragraph. Since each
apartment has its own hot water source, recirculation losses are
eliminated and, as for heat, the apartment owners are financially
responsible for their own consumption.

t COP is "Coefficient of Performance”, the ratio of thermal energy supplied by the
device to the electrical energy used to power it, when operating in a steady state at
full load.

HEAT RECOVERY ON
HEAT PUMPS FOR
COOLING SEASON DHW

An appropriate heat exchanger allows one to harvest heat from
the condenser of the AC system during summer cooling and
apply it directly to DHW. Since this heat is available using only
the energy for a circulation pump, it is used first for DHW when
available, with the ASHP providing residual demand. These
systems are commercially available in Europe today, and we
have made use of them in all buildings.

SOLAR THERMAL
COLLECTORS

The feasibility of installing solar water heaters (SWHs) was
explored with RETScreen?', an Excel-based clean energy
project analysis software tool. Rooftop SWHs were considered
for each building model. Given the environment of a carbon-
free electric economy and the presence of other sources of
efficient heat recovery for DHW utilized by the models, solar
photovoltaics helping to feed the air-source heat pumps were
a better use of rooftop area. (This would not be the correct
conclusion in today’s energy economy, which is dominated by
fossil fuel combustion.)

APPLIANCES AND
INTERNAL LOADS

2010 internal electrical and gas loads were discussed in
Section 2. For 2050, many opportunities to lower those
loads were exploited, and this section provides a summary
of those reductions.
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Table 4.2: Annual Residential Equipment Usage

] 2010 2050
Equipment | (ewh/  (Therms/| APProX. | (xwh/
Type Dwelling Dwelling | Reduction | pyalling
Unit) Unit) Unit)
Refrigerator 789 50% 400
Clothes Washer
(Electric) 95 25% 7
Dishwasher o,
(Electric) 83 25% 62
Personal
Computer 273 0% 273
Color o,
Television 27 25% 163
Other
Electronics 81 0% 81
Other o N
Miscellaneous 865 29% 615
Condensing
Dryer (Gas) 2.36 75% 173
Induction
Stove (Gas) 3.54 52% 494
Total 2,403 5.90** 2,332

* Includes replacement of cable boxes for 250 kWh savings
** Fuel use in 2010 equivalent to 1,730 kWh; O kWh in 2050

For lighting, data from the Con Edison study?? provided 2010
baseline loads and specified how many lamps were linear
fluorescent and how many were “screw in.” Taking 2010 linear
fluorescent lamps at 70 lumens per watt, compact fluorescent
lamps at 75, and incandescent lamps at 15, a total number

of lumens per dwelling unit or per square foot could be
developed from an assumption on how many “screw in” lamps
were incandescent. 2050 lighting power densities were then
developed by requiring the same lumen density, but supplying
it with 100 lumen-per-watt fixtures without specifying the type
(high-performance fluorescent, light-emitting diode [LED], etc.).
Annual lighting energy use was also reduced by 20 percent to
account for dimming, bi-level, and occupancy controls. For the
residential buildings, an assumption that 70 percent of “screw-
in” lamps were incandescent led to a 73 percent reduction in
lighting energy, while for commercial, an assumption that 50
percent of the much smaller number of “screw-in” lamps were
incandescent led to a 46 percent reduction. A similar treatment
of external lighting (the only “external load”) led to 66 percent
reductions for residential buildings and 49 percent reductions
for commercial buildings.

The treatment of “miscellaneous equipment” in the residential
sector is shown in Table 4.2. All the reductions are based on
known technical improvements, most of which are available
in the market today. Gas stoves and dryers are replaced with
electrical induction stoves and condensing gas dryers.
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Table 4.3: Annual Commercial Equipment Usage
Equipment 2010 Approximate 2050
Type (kWh/sf) Reduction (kWh/sf)
2| Reach-in 1.00 50% 0.50
@
o
% | Walk-in 3.49 50% 1.74
o
Food Service 2.34 25% 1.76
Personal
Computer 0.35 0% 0.35
S| server 0.24 25% 018
IS
2o
5’7 Monitor 0.40 25% 0.30
[0}
2 Printer /
5 Copier 0.0 25% 0.08
Other 0.36 25% 0.27
Total 8.28 5.18

Commercial equipment energy use reductions are shown in
Table 4.3. The food service reductions are based on current
state-of-the-art equipment. The reduction estimates for office
equipment are not based on market-ready products, but instead
on physical data. The energy use of computers per calculation
has been shown to be halved every eighteen months?3, a
reduction far more dramatic than our assumptions. At a simpler
level, many desktop computers use 50-60 percent of their full-
on power when nominally asleep due to faulty settings, despite
much more stringent specifications.

PHOTOVOLTAICS
WHERE POSSIBLE

Solar energy is perhaps the most abundant, yet underutilized,
of all potential renewable energy sources. Even in the Northeast
where solar insolation is limited, solar energy can be harnessed
to meet the needs of both residential and commercial electricity
users. The National Renewable Energy Laboratory?* estimates
the average solar insolation in New York City as approximately
4.34 kWh per square meter per day for the best deployment of
a stationary system, a flat solar panel tilted at an angle equal to
latitude. This resource was used to reduce building loads in all
our models.

Solar panels consist of a number of photovoltaic cells that
convert solar radiation into useful electric power. Solar panels
were added to the rooftops of each of our building models for
2050, based on the technical specifications from SunPower
Solar’s E20 Series. These monocrystalline silicon panels have a
20 percent module efficiency — the highest efficiency available

Table 4.4: Electricity Use and Energy Use Intensities in 2050 Buildings

Building Energy Usage Impact of Photovoltaics*
Building Type Area (sf)
9 1yp 323‘{’1% Building Electricity Building EUI PV Production | Net Electric Use Net EUls
Use (MWh/yr) (kBtu/sf) (MWh/yr) (MWh/yr) (kBtu/sf)
lor2 1,352 9.0 227 7.2 17 4.4
Family House
Row House 1,992 14.5 24.8 8.4 6.1 10.5
Low Rise 8,558 61.4 24.5 275 33.9 13.5
Residential
Masonry High 122,972 578.0 16.0 801 497 13.8
Rise Residential
Window Wall High | 14 793 1,020.0 18.8 718 948 175
Rise Residential
Low Rise 15,170 194.8 438 100.2 94.6 213
Commercial
Masonry High 229,249 2,088.0 311 1791 1,909.0 28.4
Rise Commercial
Curtain Wall High | 195 g0g 1757.0 311 1216 1,635.0 28.9
Rise Commercial

* Photovoltaics added to 50% of buildings citywide
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Figure 4.7: 2050 Residential High Rise (Masonry)

300

4. BUILDING SECTOR: ENERGY REDUCTION MEASURES AND SAVINGS

on the market today. As solar panels produce direct current (DC)
power, an inverter was required to convert to usable alternating
current (AC), at a conversion efficiency of approximately 90
percent.

Solar collectors were added, covering up to 60 percent of

the available rooftop area to allow for machine rooms, fire
department access, and other uses. We assumed that each
building model had unshadowed access to the solar resource, but
that only half the actual buildings of each type had unshadowed
access to sunshine, reducing the scaling factor by 50 percent.
For the buildings with solar photovoltaics, the electric energy
requirements were reduced by as little as 7 percent for the high
rise commercial curtain wall model, and as much as 81 percent
for the one or two family house. In Table 4.4, the solar power
produced in each building was kept separate from the loads

of the building and the total solar energy produced is counted
against the electrical load for the entire city. Even for the smaller
buildings, the notion of “net zero” was not explicitly pursued.
The one or two family house came closest to achieving it. The
resulting city-wide capacity and generation is about 25 percent
greater than that found by the New York City Solar Map?2s
because our collectors are substantially more efficient than the
2010 devices they assumed would be installed.

FINAL BUILDING SECTOR
ELECTRICITY REQUIREMENTS

The building models were run again with these measures
implemented, and the resulting EUls are presented in Table 4.4.
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Figure 4.8: Source EUlI comparisons of 2010 modeled buildings, current high-performing buildings,