Executive Summary
The “Worldwide Lessons in Building Energy Efficiency” report identifies key strategies to
increase building energy performance from peer cities around the world that are equally
engaged in efforts to reduce greenhouse gas emissions. The research focused on the current
state of energy-efficiency codes and policies, materials, and construction practices in New York
City and five peer cities from a practitionerʼs perspective. Using a field research approach to
evaluate proven policies and practices from around the world can help Urban Green and New
York City craft new initiatives adapted to the culture of New York City and move toward a low
carbon future.
The successful building energy-efficiency strategies discussed in Sections 10 and 11 of this
report are summarized as follows:
●
●
●
●
●

Shift energy codes away from the current prescriptive code compliance with a cost metric to a top-down
approach using a carbon metric.
Evolve the current LL84 existing building benchmarking requirements into a more robust labeling program to
help incentivize investment in energy efficiency by building owners and tenants.
Continue to demonstrate leadership at the city level by adopting the most stringent requirements for city
buildings and tenants to set an example for others.
Adopt best practices in financing and construction management to allow the greatest possible flexibility for
building owners seeking to improve energy efficiency.
Following the EU BUILD UP Skills framework, conduct a needs assessment and then develop an
implementation road map to align local training efforts for construction workers in the real estate, design, and
construction industries.

The main focus of the research was a detailed examination and comparison of the energyefficiency practices, policies, and standards of five international peer cities against current
practices in New York City. The evaluation involved discussions with working professionals in
the peer cities who have worked in one or many of the cities. The focus was to identify
successful programs and ideas currently in practice, and how those programs came to be
successful.
The peer cities included San Francisco, Sydney, Singapore, London and Frankfurt. These cities
were selected because the cities represent a diverse range of climates, cultures, and
geographic locations that have not previously been compared in this area of research.
Additionally, these peer cities have been recognized because of the success of their energyefficiency efforts. With the exception of Frankfurt, Atelier Ten has an office in each of these
locations, which further aided in the collection of data about on-the-ground practices.
This document aims to provide a useful starting point for discussions with building stakeholder
groups about specific strategies and policy considerations that will help New York City maintain
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a leadership role in greenhouse gas emissions reductions. In recent years, New York City has
chosen to pursue more aggressive goals to reduce its impact on climate change, which will
increase the need for New York City to look to other cities for potential strategies. The lessons
learned from peer cities around the world and presented in this report will help New York City
rise to meet the challenges that the mayorʼs office has set, and set a framework for continued
growth in the field of high-performance buildings.
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1 INTRODUCTION

1. Introduction
Buildings accounted for over 70% of the greenhouse gas emissions in New York City in 2013.1
Current efforts have succeeded in reducing greenhouse gas emissions by 19% since 2005.2
However, building on this past success, Mayor Bill de Blasio will accelerate these savings by
targeting an 80% reduction in greenhouse gas emissions by 2050. This new goal is part of the
mayorʼs ambitious One City: Built to Last plan.
The current building energy policies in New York City are targeted to achieve a 30%
greenhouse gas emissions reduction by 2030, but this trajectory does not meet the current
administration's goals. As outlined in One City: Built to Last, greenhouse gas emissions
reductions of 50% must be targeted for 2030 to meet the 80 by 50 goals, with the building and
construction marketplace responsible for the majority of these changes. This is an immense
challenge, which calls for more aggressive short-term and long-term strategies and initiatives
focused on improving building energy efficiency and reducing carbon emissions.
With the goal of demonstrating leadership in transitioning to low-carbon buildings, the city of
New York has created a road map by which city buildings will target a 30% greenhouse gas
emissions reduction by 2025, stating:
“To achieve these goals by 2025 we will:
● Complete efficiency improvements in every city-owned building that has significant energy use and install
100 MW of on-site renewable energy.
● Implement leading-edge performance standards for new construction that cost-effectively achieve highly
efficient buildings, looking to Passive House, carbon neutral, and zero net energy strategies to inform the
standards.
● Develop interim energy performance targets for existing buildings to be met through both voluntary
reductions and new regulations, such as performance standards and measure-based mandates, which
3
would be triggered if adequate reductions are not achieved.”

The aim of the “Worldwide Lessons in Building Energy Efficiency” report is to identify lessons
learned from peer cities around the world equally engaged in efforts to reduce greenhouse gas
emissions. While the targets and aspirations set by Mayor de Blasio provide a framework for
setting short- and long-term goals, it must be recognized that the diversity of building typologies
in New York City requires a variety of strategies and solutions that target different stakeholders.
Developing a greater understanding of the policies and regulations in place in the peer cities will
help New York City better create successful strategies to achieve these ambitious goals.

1

Inventory of New York City Greenhouse Gas Emissions, September, 2014
Inventory of New York City Greenhouse Gas Emissions, September, 2014
3
One City, Built to Last, p. 10
2
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2. Approach
The research focuses on studying eight topics across six cities (five peer cities and NYC). Each
city is analyzed by research topic in the peer city narratives, followed by a discussion section
organized by research topic that compares the findings in each topic across the six cities and
the relevant trends. The last section of the report highlights the key lessons for New York City.
Each lesson is discussed in detail, including applicability for NYC, ranking of the potential
greenhouse gas reductions, and suggested next steps.

Peer Cities
The selected peer cities are San Francisco, Sydney, Singapore, London and Frankfurt. They
were selected for several reasons:
●
●
●
●

With the exception of Frankfurt, the selected cities have an Atelier Ten office, which facilitated knowledgegathering beyond what basic desk research could accomplish.
They represent a range of climates, cultures, and geographic locations around the world.
These cities had not yet been thoroughly researched and compared according to the topics covered.
They all have similar building typologies and have demonstrated leadership when it comes to climate
change; Frankfurt is the only city not in the C40 Cities climate leadership group.

These cities demonstrate global leadership from both an energy-efficiency and sustainability
perspective, which is detailed in the summary and comparison sections of this report.

Research Topics
Eight research topics were developed for investigation in each of the peer cities:
Climate: Key metrics are reported to help understand the influence they have over energy
use and local energy policy.
Cultural Context: The culture, politics, and demographics of each city shape its energy
policy. The unique aspects of each city are discussed and used to help frame the lessons
learned.
Energy Codes: This topic summarizes each cityʼs energy code and explores the history and
drivers of how regulations have developed over time.
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Building Labeling, Disclosure and Efficiency Programs: Each of the peer cities has a set of
beyond-code regulations and policies intended to promote beyond-code energy efficiency.
Green Building Strategies: Each peer city has requirements for green building standards.
Programs and policy requirements are documented and discussed as part of this research.
Code Enforcement: The approach to code enforcement in each peer city varies. The report
highlights current practices with respect to implementing energy-efficiency policies.
Training: This research topic investigates how design professionals, construction trades,
and code officials are trained.
Design and Construction Practices: Methods and Materials: This research topic explores
the different construction materials and methods that influence energy efficiency in the peer
cities.
Design and Construction Practices: Design Process: This section highlights the design and
construction practices related to financing, design team organization, project delivery, and
the treatment of embodied energy.
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3. New York City
Context: Climate
New York City is classified as a humid continental climate (Köppen climate classification). New
York is the northernmost major city in North America with this categorization, and is classified as
ASHRAE Climate Zone 4A. Winters are cold and damp, yet generally warmer than inland cities
due to warm currents in the Atlantic and shielding against colder air by the surrounding
mountains. New York is a heating-dominated climate, and summers are typically hot and humid.
Daily mean temperatures are about 76.5 °F (24.7 °C) in July, with an average humidity level of
72%.
The climate in New York City is the most varied in terms of annual temperature variations
among the six cities analyzed. The cold winters and humid summers require year-round use of
mechanical conditioning. To minimize heating and cooling loads, the New York City energy code
focuses on the creation of an air barrier and proper insulation of the building envelope.
Metric

NYC

Annual Heating Degree Days

4,555

Annual Cooling Degree Days

1,259

ASHRAE Climate Zone

4

Annual Precipitation

42.1 in.

Total Annual Incident Solar Radiation

123 kWh/ft

99.6% Heating Design Temperature (DB)

13.9 ˚F

0.4% Cooling Design Temperature (DB/WB)

92 ˚F / 74 ˚F

2

Context: Cultural Context
New York City is the largest city in the United States by population and is home to more than 8.4
million people. The city consists of five boroughs — Manhattan, Brooklyn, Queens, Staten
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Island, and Bronx — together covering an area of square 309 miles (800 square kilometers).
The NYC mayor oversees the local regulations of all five boroughs.
NYC is a major national and global cultural and economic power, with a gross metropolitan
product of $1.55 trillion. As many as 800 languages are spoken in NYC,4 and over 55 million
tourists visit every year. The New York Stock Exchange and NASDAQ are powerful financial
markets based out of NYC. Roughly 9% of New York Cityʼs workforce of more than 3,552,999 is
in the construction trades, and it is a highly unionized workforce.
As a leader for the U.S. and the world, NYC has taken significant steps toward becoming an
environmental champion. Public sentiment in the city generally supports the adoption of energy
efficiency and environmentalism, as the city has realized that these measures are necessary to
remain globally competitive. Numerous environmental policies and plans have been put in place
since the late 2000s that have been improved upon as new administrations come into office.
In 2007, Mayor Michael Bloomberg released PlaNYC, an effort to address the long-term
environmental challenges faced by NYC. This plan was followed by Local Law 17 in 2008, which
established the Mayorʼs Office of Long-Term Planning and Sustainability to oversee PlaNYC. In
late 2014, this office became the Mayorʼs Office of Sustainability. Since the implementation of
PlaNYC, carbon emissions have dropped 19% from 2005 levels, air has reached its lowest
levels of pollution in 50 years, building codes have been upgraded, benchmarking and energy
auditing laws have been passed, and five million square feet of reflective rooftop have been
installed to combat the heat island effect.5 This plan will continue to grow under the de Blasio
administration.
As part of PlaNYC, the Greener, Greater Buildings Plan was created and remains one of the
most comprehensive sets of city-level energy-efficiency policies in the U.S. This plan targets the
energy efficiency of existing buildings, and in 2009 created four new, progressive local laws,
which are discussed at further depth later in this narrative:
1.

Local Law 84: Benchmarking: Requires annual benchmarking of energy and water
consumption.

2. Local Law 85: New York City Energy Conservation Code: New York Cityʼs local energy
code.
3. Local Law 87: Energy Audits and Retro-Commissioning: Requires an energy audit and
retro-commissioning every 10 years.
4. Local Law 88: Lighting and Submetering: Requires non-residential lighting to meet code
and include submeters by 2025.

4
5

http://www.economist.com/node/21528592
One City Built to Last Report 2014, nyc.gov/BuiltToLast

URBAN GREEN WORLDWIDE LESSONS TECHNICAL REPORT

Page 9 of 133

3 NEW YORK CITY

A second portion of PlaNYC was the creation of A Stronger, More Resilient New York. This
second plan was designed to address the increasing vulnerability of New York City to natural
disasters similar to Hurricane Sandy.
In 2014, Mayor Bill de Blasio released his 80 by 50 plan, extending the PlaNYC goals. This plan
revised the 30% by 2030 reduction target to an 80% reduction by 2050. This new goal reflects
the reduction necessary to reduce the impact of global warming as calculated by the IPCC.6 As
a complement to the 80 by 50 plan, the mayor's office issued the One City: Built to Last report,
which outlines a detailed and multifaceted approach to the steps necessary for achieving the 80
by 50 goal.7 These steps include making public buildings models for sustainability, developing
world-class green building and energy codes, creating a market for efficiency and renewable
energy, and becoming a global hub for clean energy technology and innovation.
On a broader scale, the Public Service Commission of New York State has long sponsored the
New York State Energy Research and Development Authority (NYSERDA) to develop and carry
out state-operated energy-efficiency programs. These programs include financing and
education, among various others. One such program is the New York Green Bank, which invites
private investors, including banks and clean energy providers, to propose partnerships with the
Green Bank to facilitate and fund future clean energy projects. Additional incentives from
NYSERDA exist for the renovation of existing buildings, solar electric and solar thermal
installations, fuel cell systems, and energy certification/accreditation. These incentives support
the New York State Renewable Portfolio Standard, which has targeted 30% of state electricity to
be generated from a renewable source by 2015. As of December 31, 2014, the Renewable
Portfolio Standard had achieved 56% of its targeted renewable energy goal.

Energy Codes
The first energy code in NYC came into effect in 1979, with the signing of the Energy
Conservation Construction Code of New York State (ECCCNYS). As part of PlaNYC, NYC
introduced an energy code specific to New York City in 2011, with more stringent requirements
than the state energy code. The New York City Energy Conservation Code (NYCECC) and the
ECCCNYS were last updated in 2014 and became effective on January 1, 2015.

6
7

United Nations Intergovernmental Panel on Climate Change, http://www.ipcc.ch/
One City: Built to Last, http://www.nyc.gov/html/builttolast/assets/downloads/pdf/OneCity.pdf
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Some of the requirement categories covered by commercial and residential energy codes are:

Building
Envelope

Mandatory Requirements

Prescriptive Requirements

· Application of air barriers

· Roofs: R-26 (commercial), R-38 (residential)

· Residential requirement: 7 ACH at 50
Pa (by test) or visual inspection;

Fenestration: U-0.35 (residential) U-0.38
(commercial)

. Commercial under NYC/IECC: test at
< 0.4 CFM/ft2 (facade) at 75 Pa or
assemblies <0.04 CFM/ft2 or air
barrier components & materials
<0.004 CFM/ft2. (NYC ECC pp. 8182)

· Wood-Frame Wall: R-13 (residential and
commercial)

. Commercial under ASHRAE 90.12010: fenestration and door
assemblies 0.06 - 1.0 CFM/ft2
(5.4.3.2) air barrier components &
materials <0.004 CFM/ft2 (5.4.3.1.3).
No whole- building air-leakage target

Heating,
Ventilation and
Air
Conditioning
(HVAC)

· Mass Wall: R-10 (residential and
commercial)
· Basement: R-13 (residential) R-15
(commercial)
· Slab-on Grade: R-10 @ 2ft (residential and
commercial)
· SHGC: 0.40 (residential and commercial)
· Surface finishes

. Residential ACH is air changes per
hour in the entire building, used only
with tests. Values /ft2 refer to the area
of the exposed facade. The relative
stringency of these standards will
depend on the shape of the building.

· Insulation installation

· Minimum efficiency of system
determined by size and type of
system

· Economizers

· Labeling
· Controls

· Maximum window-to-wall ratios are 40% for
vertical and 5% for horizontal openings
· Trade-offs are allowed between prescriptive
envelope requirements

· Airside and waterside system controls
beyond mandatory controls
· Fan power limitations
· Exhaust and energy recovery requirements

· Construction of systems
· Insulation values
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Service Water
Heating

· Load calculations
· Minimum efficiency targets for
equipment selection

· Combined space heating and service water
heating systems

· Insulation requirements and controls.
Additional measures for pools and
heat traps, where applicable

Power

None

· Maximum voltage drop allowances for
feeders and branch circuits
· Receptacle control requirements
*This is one area where NYC differs from
ASHRAE 90.1

Lighting

· Automated controls with occupancy
and daylight sensors
· Wattage of exit signs and exterior
lighting allowances

Other
Equipment

· Electric motors efficiency

· Reduce average installed lighting power
below allowances according to overall
building type or allowances according to
space type

None

· Service water booster systems
· Elevator efficiency

As is common today, these energy codes establish separate compliance paths for prescriptive
and design performance simulation for both commercial and residential buildings. The code
classifies requirements under each section as mandatory or prescriptive. Mandatory
requirements apply to all projects under all circumstances, whereas the prescriptive
requirements will only apply to a project that has chosen the prescriptive compliance path.
Projects that choose to demonstrate code compliance through a design performance simulation
have the ability to prove the validity of design strategies not outlined by the prescriptive
compliance path.
The ASHRAE 90.1 Energy Cost Budget method is used to compare the performance of a
building complying with the prescriptive path (the Budget Building Design) with the actual
“Proposed Building Design”.8 To comply, the annual energy cost of a Proposed Building Design
must be lower than the corresponding energy cost budget calculated for a Budget Building
8

https://www.ashrae.org/File%20Library/docLib/Public/20080827_9012007_11_ecbinstructions.pdf,
https://www.ashrae.org/File%20Library/docLib/Public/200361615042_347.pdf
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Design. Hourly, whole-building energy simulations are required for compliance calculations. To
demonstrate performance that is better than code, ASHRAE 90.1 Appendix G, “Performance
Rating Method” is used.
The performance approach in the IECC 2012 cannot currently be used unless the authority
having jurisdiction, in this case, the NYC Department of Buildings, allows an exemption from the
requirement that the Reference (Budget Building) Design be created automatically. Currently,
there are no software tools that can satisfy the automatic baseline creation criteria.

Commercial / High-Rise Residential Building Energy Code
Commercial and high-rise residential buildings reference IECC-2012 and ASHRAE Standard
90.1-2010. It is anticipated that adoption of ASHRAE Standard 90.1-2013 for commercial and
high-rise residential buildings will come in 2016. The energy code is applicable to all new
construction, substantial renovation, and alteration projects, regardless of size. However,
exceptions to the mandatory requirements are allowable under certain circumstances. In
renovations, only systems that are included in the scope of renovation must be upgraded to
meet mandatory measures. An older building undergoing a lighting retrofit would not have to
perform an envelope upgrade under this exception. Low-energy buildings as defined by the
NYCECC undergoing an envelope-only renovation will also be exempt from compliance.
Additionally, buildings that are listed on the U.S. National Register of Historic Buildings are
exempt from meeting energy code requirements. Many buildings that are either landmarked or
in landmarked districts under NYC law are not covered by this exemption and must comply with
the energy code.

Residential / Single-Family Building Energy Code
Low-rise residential and single-family buildings reference ECCCNYS-2014, which is an
extension of IECC-2012. The main variation from commercial and high-rise residential buildings
for prescriptive compliance is that additional insulation requirements are made for application
types and areas, and siding is required where high wind speeds prevail. Design performance
compliance is similar to commercial and high-rise residential, with allowable trade-offs for code
compliance including variations in envelope components, structural mass, air exchange rates,
fan power, equipment capacities, and thermal distribution system efficiencies.

Building Labeling / Disclosure / Mandatory Efficiency
Programs
Local Law 86 of 2005 – One of the nation's first green building laws, Local Law 86 (LL86)
requires that building projects receiving more than a specified amount of NYC funding achieve a
Leadership in Energy and Environmental Design (LEED) rating level of Certified or Silver
URBAN GREEN WORLDWIDE LESSONS TECHNICAL REPORT
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(depending on building type) and certain additional reductions in energy cost and potable water
use. This program applies to most buildings that receive public funding, including schools,
libraries, and municipal buildings. The applicability of LL86 is determined by the following
criteria:
•
•
•
•

Buildings with $2 million or higher construction budget must become LEED certified.
Buildings receiving $12 million or more must be LEED certified and 20-30% more energy-efficient than code.
System-specific retrofits (i.e., HVAC or lighting) must be 5-10% more efficient than the minimum required by
code.
9
Plumbing replacements must be designed to use 30% less potable water than EPACT 1992.

Local Law 84 of 2009 – Local Law 84 (LL84) requires annual benchmarking data to be
submitted for public disclosure by owners of buildings greater than 50,000 square feet, owners
of multiple buildings totaling more than 100,000 square feet, and municipal buildings greater
than 10,000 square feet. This will bring transparency to energy and water usage and inform
building owners and tenants on how efficient their buildings are in the context of NYC. LL84
standardizes this process and captures information with the U.S. Environmental Protection
Agency's (EPA) free online portfolio manager benchmarking tool. NYC is currently in the
process of improving this data disclosure and analysis. LL84 does not require benchmarking
disclosure to be performed by a certified assessor.10
Local Law 87 of 2009 – Local Law 87 (LL87) requires that all buildings over 50,000 gross
square feet perform periodic energy audit and retro-commissioning once every 10 years. This
information must then be submitted to the city and include:
•
•
•
•
•
•

Basic team information
General building information
Existing equipment inventory
Energy end-use breakdown
Energy conservation measures identified from the audit
Retro-commissioning measures

There are no requirements that energy audits be performed by a certified energy auditor but the
results do need to be signed off by a Professional Engineer or Registered Architect.11
Local Law 88 of 2009 – Local Law 88 (LL88) requires all non-residential and the public spaces
in residential buildings larger than 50,000 square feet to upgrade lighting systems to meet
current New York City Energy Conservation Code standards. LL88 also requires the installation
of electrical submeters for each large non-residential tenant space and monthly energy
statement reports.
Lighting: By January 1, 2025, all qualified buildings must install or modify lighting systems to meet the
New York City Energy Conservation Code. All upgrades must meet the standards for new systems,
including maximum interior lighting power allowances, lighting controls, tandem wiring, exit signs, and
exterior lighting.
9

http://www.nyc.gov/html/oec/html/green/green.shtml
http://www.nyc.gov/html/gbee/html/plan/ll84.shtml
11
http://www.nyc.gov/html/gbee/html/plan/ll87.shtml
10
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Submeters: All qualified buildings must install submetering in the following cases:
•
Non-residential tenant spaces with more than 10,000 gross square feet on one or more floors and
sublet to the same person
•

Floor plates with tenant spaces larger than 10,000 gross square feet and sublet by two or more
different persons

Each tenant that is required to be submetered must be provided with a monthly energy
statement showing measured electricity and the amount charged for its use. For cases where
multiple tenants on a floor are covered by a single submeter, the monthly statement must
indicate the area-weighted electric consumption for each tenant.12

Green Building Strategies (Beyond Legislated Requirements)
NYC Carbon Challenge13 – In 2007, former Mayor Michael R. Bloomberg asked the cityʼs
universities and hospitals to match NYC governmentʼs goal to reduce GHG emissions by 30% in
10 years. Over the last eight years, 17 of New York City's universities and 11 hospital systems
have accepted the Carbon Challenge. As a group, these organizations account for 3.5% of citywide emissions and comprise 120 million square feet of building area.
By engaging new communities in the effort to address climate change, the Carbon Challenge
has fostered collective action by creating a platform through which ideas are shared more freely.
As of 2013, five participants have achieved the 30% goal. Overall, the universities have reduced
their emissions intensity by a total of 12.8% and hospitals have cut their emissions intensity by
6.1%. As of 2014, a total of 12 global companies and 15 residential property management
companies have also accepted the Carbon Challenge, as a response to Mayor de Blasioʼs plan
to reduce carbon emissions by 30% over the next 10 years.
LEED – Developed by the U.S. Green Building Council, LEED has evolved into a widely
accepted national and international green building certification standard that is heavily used in
NYC. City government, many institutional building owners, and a majority of class A developers
for new commercial and residential buildings have adopted LEED certification as a standard for
all new construction, often LEED Silver or above. While LEED allows for different ways to
achieve certification through its point-based system, it has a prerequisite of 10% improvement
over ASHRAE 90.1-2007 (LEED v2009) or 5% over 90.1-2010 (LEED v4) and thus challenges
projects to improve beyond minimum code compliance. While the true environmental benefit of
LEED, especially the actual energy reduction, is controversial, the wide use of the system has
raised awareness in the market.14,15 It has also fostered innovation in building systems and
components and led to a more integrated and environmentally aware construction and design
12

http://www.nyc.gov/html/gbee/html/plan/ll88.shtml
http://www.nyc.gov/html/gbee/html/challenge/mayor-carbon-challenge.shtml
14
http://newbuildings.org/energy-performance-leed-new-construction-buildings
15
http://www.buildingscience.com/documents/insights/mis-leed-ing
13
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process for a significant part of the NYC construction market.16 LEED for Homes, the rating
system that has been developed primarily for single-family residential development, has had
little uptake in NYC.
Passive House Certification – Passive house standards developed in Germany are taking root in
NYC as an alternative high-performance residential building standard. Passive House standards
focus on passive design strategies to create very low energy buildings. Creating an airtight,
highly insulated building envelope is a hallmark of Passive House design. Currently, Passive
House renovations are most prevalent in Brooklyn, but the NYC Department of Buildings has
begun to look into the applicability of Passive House standards to smaller municipal buildings.17
In early June of 2015, the worldʼs tallest Passive House building broke ground on Roosevelt
Island. It will be 26 stories tall and part of the new Cornell Tech campus, due to open in 2017.18
The Passive House Academy in the Bronx offers hands-on training classes in the construction
techniques needed to meet Passive House standards.19
The standard is intended to be cost neutral by offsetting the increased cost of the envelope with
reductions in mechanical and electrical system and operation costs. However, cost neutrality is
typically not realized in NYC because it is difficult to eliminate the need for mechanical heating
and cooling through passive means in NYCʼs climate. Another factor driving increased cost is
the limited availability of contractors that can build to Passive House standards and the limited
availability of certified building components, many of which require shipping overseas.20

Code and Regulatory Enforcement
Enforcement of the energy code in NYC is performed by the Department of Buildings and
includes documentation of energy code compliance at the time of permit as well as progress
inspections during construction. Requirements apply to both residential and commercial building
projects.
Over the past two years, the Department of Buildings has increased the level of scrutiny placed
on the enforcement of energy code requirements in NYC. This has been in response to an
internal audit in 2013 that suggested that 90% of building applications did not meet all of the
requirements of the energy code.21,22 A driving factor for this low compliance rate has been the
historical requirement for nothing more than a professional statement of either compliance with
or exemption from the Energy Code.
16

Atelier Ten New York City professional experience 2005-2015
Atelier Ten NYC Passive House Study for NYC DOB 2014
18
http://www.nytimes.com/2015/06/14/realestate/worlds-tallest-passive-house-breaks-ground-on-rooseveltisland.html
19
http://www.nytimes.com/2015/03/29/realestate/the-passive-house-in-new-york-city.html
20
http://www.nytimes.com/2015/03/29/realestate/the-passive-house-in-new-york-city.html
21
http://www.crainsnewyork.com/article/20140818/REAL_ESTATE/308179994/9-of-10-building-plans-fail-basic-test
22
One City Built to Last Report 2014, http://www.nyc.gov/html/builttolast/assets/downloads/pdf/OneCity.pdf
17
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Currently projects must submit more detailed proof that building designs meet code.
Requirements include construction drawings with more clearly indicated compliance details,
post-construction progress inspections by third parties, more robust energy analysis reporting
criteria and random audits by the Department of Buildings.23
The required energy analysis needs to “... identify the compliance path followed, demonstrate
how the project design complies with the energy code, and for commercial projects, indicate
whether the project is designed in accordance with ECC Chapters C2 through C5 or with
ASHRAE 90.1.”24 The energy analysis must also be signed and sealed by registered design
professional(s).
The Energy Code Compliance Rule for progress inspections during construction is outlined in
Section BC 109.3.5. 1 RCNY §5000-01. The qualifications for progress inspectors are described
in the Approved Agencies Rule, 1 RCNY §101-07 Subdivision (c), Paragraph (3). Progress
inspections are required for envelope assemblies, lighting systems, mechanical systems, and
power systems within the building. It is the building owner's responsibility to hire registered
design professionals to conduct the progress inspections. Progress inspectors must not have a
conflict of interest in projects they inspect and must verify that the construction conforms to the
approved construction documents.

Training (Code, Design, Construction)
Energy code training is generally funded and sponsored by the New York State Energy
Research and Development Agency (NYSERDA).25 Code experts or energy consultants usually
offer training in four- or eight-hour seminars. The availability of training programs is inconsistent,
and they are usually available only immediately after the release of a new energy code. The
NYC Department of Buildings has a series of self-guided training modules that cover the basics
of lighting, residential, commercial envelope, and commercial HVAC energy code requirements.
Code training is not mandatory, and it is unclear how effective the current delivery model is.
In partnership with NYSERDA, Urban Green Council created a course for design professionals
based on the upcoming commercial and residential 2015 IECC. The training teaches architects
and engineers, in plain language, how to navigate the various pathways to compliance and how
to incorporate best energy conservation practices into their projects.26

Design Community (Engineers and Architects)
23

Atelier Ten NYC professional experience
http://www.nyc.gov/html/dob/downloads/rules/1_RCNY_5000-01.pdf
25
http://www.nyserda.ny.gov/About
26
http://urbangreencouncil.org/content/projects/energy-code-training-architects-and-engineers
24
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Engineering design professionals must register with New York State after demonstrating
competency in an area of practice. There is not a specific professional registration area for
energy efficiency and, as a result, energy efficiency has historically been managed by the
mechanical engineer. Organizations such as ASHRAE and the Association of Energy Engineers
offer energy-specific certifications such as Certified Energy Manager (CEM) and Building
Energy Modeling Professional (BEMP) that allow identification of individuals with specific
energy-efficiency expertise. However, credentialing requirements seeking energy-efficiency
expertise commonly give a licensed Professional Engineer equal weight with more specific
credentials such as CEM or BEMP. To maintain registration, engineers and credentialed
professionals are required to invest in continuing professional development.
Architects are also required to register through New York State after demonstrating
competency, completing 5,600 hours of work experience and passing the Architectural
Registration Exam. To maintain their licensure, architects are required to invest in continuing
education. Architectural Registration exams are managed by NCARB and cover the breadth of
knowledge required by architects. Very little emphasis is placed on building energy efficiency, as
indicated by a review of the exam topics.27

Code Enforcement Community
There are no specific training requirements for energy code inspectors in New York City.
Regulations require that inspectors demonstrate competency through professional licensure and
at least three years of inspection experience.

Construction Trades
Training for the construction trades is primarily provided by local labor unions. Training for
facilities managers is provided through the 32BJ Training Fund, which is funded through
participating employers. These programs have a sustainability component that ranges from
green cleaning practices to air tightness testing. UA Local 1 is responsible for training plumbers
through apprenticeship and journeyman programs. Urban Green Council has launched a green
building training program, GPRO,28 aimed at the construction trades, to increase the awareness
and understanding of high-performance building principles. Private and public educational
institutions also provide training for the trades, through either unions or contractors. Examples
include the Association for Energy Affordability and the CUNY Building Performance Lab.

27
28

http://www.ncarb.org/ARE/Preparing-for-the-ARE.aspx
www.gpro.org
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Design and Construction Practices: Building
Components/Materials/Methods
The majority of construction in New York City uses either steel, for commercial or long-span
structures, or concrete for the main structural components. Most buildings over 10 to 12 stories
use glass and steel curtain wall systems, while shorter buildings are predominantly brick and
block. This is due in large part to the high labor costs associated with brick and block
construction over 10 stories.
One of the challenges faced by NYC buildings is the need for mechanical air conditioning. A
majority of existing residential and commercial buildings predate the adoption of central
mechanical cooling and ventilation systems. As a result, many older commercial and
multifamily buildings, as well as single-family homes, rely on window air conditioners for cooling.
Although the efficiency of window air conditioners has significantly improved in the past 10
years, they are still significantly less efficient than central water-cooled chillers or advanced
refrigeration-based systems. In an attempt to address the need for air conditioning, most new
multifamily buildings now use packaged terminal air conditioners (PTACs). These are
significantly less efficient than central systems.
Another challenge in existing commercial buildings is the inability to use air-side economizer
cooling. Economizer cooling uses cold outside air to help remove the internal heat gains in
commercial buildings without the need for mechanical cooling. The lack of vertical shafts large
enough to accommodate ductwork is the major obstacle in installing such cooling systems.
A recent trend in NYC construction is modular housing. Modular housing units are constructed
entirely in a factory setting, trucked to a job site and craned into place. This process speeds up
construction, reduces costs by as much as 15%, provides equal quality, and reduces waste.
Modular construction has had mixed results in New York City, but is gaining more popularity.
The Stack, a seven story modular apartment building with 22 apartments, was erected in 19
days and was the first modular building in NYC. However, the Atlantic Yards B2 project, a
planned 32-story modular residential tower in Brooklyn, has been put on hold after construction
delays and cost overruns resulted in several lawsuits against the general contractor.29

29

http://www.brownstoner.com/blog/2014/11/forest-city-skanska-close-to-buyout-deal/
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Design and Construction Practices: Air Barriers
The New York City energy code requires a continuous air barrier in all buildings and that air
leakage be managed through the proper sealing of openings in the building envelope. The 2012
IECC requires both visual inspections and mandatory pressure testing of residential new
construction to verify that whole-building envelope air leakage is less than the maximum
amount. The residential air-leakage requirement in NYC is based on the 2009 IECC, with a
maximum leakage of seven air changes per hour (ACH) at 50 Pa. The 2012 IECC sets the
maximum at three ACH at 50 Pa.
Several common construction methods are used to create a continuous air barrier, including
building wrap, rubber membranes, caulking, tape, gaskets, and spray foam. Low-rise
commercial and residential projects typically use building wrap, which acts as both an air and
moisture barrier for exterior walls. These types of projects will also use peel-and-stick rubber
membrane, which has become a popular undercoating for roofs. Sealing the gaps and joints
between envelope assemblies is most often done using caulk, tape, gaskets, or spray foam.
While caulk has long been used to seal cracks and joints, it does not provide a reliable seal.
With increased requirements for testing, gaskets are quickly replacing caulk as a more reliable
method of air sealing. One of the most challenging aspects of meeting the current residential airleakage requirements in the IECC 2012 will be coordination between the different trades.
Coordination between trades has not previously been necessary and will require more effort to
meet code requirements.
The most common method of testing air leakage is through the use of a blower door test. During
a blower door test, the indoors is pressurized to maintain a differential to the outside of 50 Pa.
The volume of air required to maintain this pressure differential, once corrected for temperature
and humidity, represents the air leakage of the building envelope.
Commercial and high-rise residential buildings are currently not required to test air leakage. As
a result, a high priority has not been placed on documenting air barrier requirements in design
drawings, nor is a high priority placed on coordinating the air-sealing requirements during
construction. Another challenge is that the most common technique of air testing using blower
doors becomes more difficult in buildings larger than 20,000 square feet and with phased
construction schedules.

Design and Construction Practices: Design Process
There are many project delivery methods used in both new construction and major renovations,
including traditional design-bid-build, fast-track construction, and to a limited degree, designbuild and public/private partnerships.
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Construction in New York City, since the passage of the Wicks Law in 1912, has been
predominantly a design-bid-build process. Wickʼs Law requires municipal construction projects
to have separate general contracts for plumbing, HVAC, and electrical work and was passed in
an effort to protect workerʼs rights. Recently, construction has shifted toward the use of fast
tracking. Fast tracking focuses on breaking a project into different packages that are designed,
bid, and constructed in phases to speed up delivery. For example, foundation packages and
long lead-time systems such as the curtain walls are often designed and released for
construction well ahead of other architectural, mechanical, and electrical packages. While fast
tracking results in faster project delivery, it creates a greater risk of systems not being fully
coordinated and makes design changes more difficult. On larger projects, owners will hire a
construction manager who is involved from the very beginning of the design process. A
construction manager will work closely with the design team to provide advice on the cost and
constructability of the design and provide overall project management throughout the design
process.
A design-build process generally involves creating a set of design-bridging documents that
represent a level of effort equal to schematic design or early design development documents.
These bridging documents are then turned over to a design-build contractor who is responsible
for completing the design documents and constructing the project. The benefit of a design-build
process is often reduced construction costs and greater integration between the design team
and the contractor. One drawback of the design-build process is that many design decisions are
made during schematic design before the design-build contract is awarded, and after the award
there is little incentive for the contractor to improve upon the awarded design. Also, the
construction quality is often not as high as with other delivery methods. This can be attributed in
part to the fixed delivery-price contract structure.
Design-build construction has had limited use in New York City because of Wickʼs Law and
opposition from labor unions and other agencies in both state and local government. In 2011,
NYS passed a law allowing the expanded use of the design-build process. The legislation was
renewed in 2015 and will expire on April 1, 2017.30

30

http://nysspe.org/2015/05/22/nys-budget-update-2015-1016-design-build/
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Another method of project delivery starting to appear in New York City for large projects is
Public Private Partnership (PPP). Public Private Partnerships are collaborations between public
and private entities that enter into a mutual agreement whereby a private entity finances,
designs, constructs, and then operates a facility with a leaseback arrangement. In 2014, the
NYS legislature authorized the use of PPP by municipalities for projects in New York State.31 In
2015, the New York City Housing Authority developed a PPP to oversee the renovation of
Section 8 housing in the Bronx over the next 15 years.32 Section 8 housing is federally
subsidized, privately owned rental housing for low-income residents. Although PPP is a
relatively new concept for NYC, it is a mature delivery method in the other peer cities and will be
discussed later in this report. Given the potential operational savings often benefiting the PPP,
this delivery method can create incentives for more energy-efficient design solutions.

31

http://c.ymcdn.com/sites/www.surety.org/resource/collection/73672F79-BC99-45A3-BCD0-FB3EFF8080BA/P3Legislation2014.pdf
32
http://observer.com/2015/02/public-private-partnership-aims-to-save-section-8-units-from-demolition-by-neglect/
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4. SAN FRANCISCO
Context: Climate
San Francisco's climate is considered dry-summer subtropical (Köppen climate classification),
which is characteristic of the cool summer climate of the Mediterranean and much of California's
coast. San Francisco's weather is strongly influenced by the Pacific Ocean, since it is
surrounded on three sides by water. This helps to moderate temperature swings and produces a
remarkably mild year-round climate with little seasonal temperature variation.

Metric

New York City

San Francisco

Annual Heating Degree Days

4,555

2,689

Annual Cooling Degree Days

1,259

144

ASHRAE Climate Zone

4

3

Annual Precipitation

42.1 in.

19.7 in.

Total Annual Incident Solar Radiation

123 kWh/ft2

165 kWh/ft2

99.6% Heating Design Temperature (DB)

13.9 ˚F

39 ˚F

0.4% Cooling Design Temperature (DB/WB)

92 ˚F / 74 ˚F

83 ˚F / 63 ˚F

In comparison to New York City, San Franciscoʼs summers are cool and dry with the presence
of morning fog and only occasional rainfall. Winters are much warmer, with most of the annual
rainfall occurring between October and March. As a response to the California climate, the
California energy code (Title 24) mandates that buildings leave room on the roof for PV panels,
in addition to using a metric called the relative solar heat gain coefficient, which is similar to the
solar heat gain coefficient but takes into account the impact of external shading. Envelope
insulation values are less stringent than those in New York City, due mainly to the mild climate.
High-performance buildings will often design envelope performance to exceed code
requirements to achieve energy savings for higher LEED certification levels, which is mandatory
for some buildings.
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Context: Cultural Context
San Francisco is home to about 837,000 residents who speak more than 112 different
languages and is the second densest urban area in the United States after New York City.
Located at the northern end of the San Francisco peninsula, the city encompasses an area of
46.9 mi2 (121km2). San Francisco is the only consolidated city-county in California, which
enables the city government to have more expansive knowledge and the power to implement
new legislation.
San Francisco is a largely service-based economy specializing in finance and high-tech
industries. The San Francisco Bay Area, which also includes Oakland and San Jose, has an
annual GDP of roughly $388 billion, although many of the large employers (Google, Apple, etc.)
operate outside of the San Francisco city limits. The largest employers in San Francisco are the
local government and the University of California at San Francisco. Small businesses with fewer
than 10 employees make up 85% of San Francisco establishments. This reflects the culture of
fostering small local organizations in lieu of larger national chains, in addition to the trend of
start-ups that have become popular since the technology boom in the early 2000s.
San Franciscoʼs existing building stock includes a variety of buildings ranging from residential
Victorian homes from the 1800s to modern skyscrapers. A large number of these buildings were
built in the 1960s and have poor energy efficiency. Passive design strategies have been difficult
to implement in these building types. Most buildings in San Francisco are under five stories, and
those that are over five stories are mainly located in the eastern areas of the city where the
financial and technology industries are centered. This is also where most newly constructed
buildings are located. There has been a large increase in building repurposing due to growing
technology companiesʼ need for more office space. Some examples of such developments are
the new Twitter headquarters and the Adobe Systems office, which are both located in the
South of Market district.33
Environmental stewardship is a long-standing cultural value in San Francisco, and most of the
population supports the protection of natural resources. San Francisco is in the forefront of
environmental policy in California and the West Coast in general. California has developed its
own energy codes and utility pricing to better address its specific energy-efficiency goals.

Energy Codes
The energy code in San Francisco, and in all of California, is the 2013 California Building
Standards Code, Title 24, California Code of Regulations, which took effect in July 2014.
Originally published in 1978, Title 24 is updated periodically and regulates both residential and
commercial buildings. The most recent updates prior to 2013 were in 2008, 2004, and 2001. A
33

Conversations with Atelier Ten San Francisco, based on professional observations
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study by the California Energy Commission has recently estimated that Title 24-2013 is on
average 12% more stringent than ASHRAE 90.1 -2010, which forms the basis for the current
NYC energy code. However, the requirements in Title 24 for commercial offices and schools, as
an example, are only 3-4% more stringent than ASHRAE 90.1 2010.34 This suggests that some
building types in NYC have been designed to similar standards as those in San Francisco.
Californiaʼs planned increase in Title 24 stringency to achieve net-zero energy in residential
buildings by 2020 and in commercial buildings by 203035 is one major difference from the NYC
energy code. This type of high-level policy for energy efficiency in buildings is unique in the
United States, and illustrates a framework committed to continuing progress in building energy
efficiency. As Title 24 becomes more stringent, it is a natural, but aspirational, goal to reduce
building energy consumption and emissions to none. Similar frameworks have been developed
for the European Union, and various professionals have agreed that such frameworks have
contributed to energy-use reductions. California hopes to achieve the same results with its
increasing code stringency.
Compliance with Title 24 is similar to ASHRAE 90.1 in that there are mandatory requirements
that all projects must meet as well as options for a prescriptive compliance path or a
performance compliance path. The compliance metric for the Title 24 performance path is based
on Time Dependent Valuation (TDV) of Energy, which is entered into the energy code
compliance model as fraction multipliers. The resulting TDV energy consumption is a measure
of energy use that takes into account the efficiency with which different energy sources are
delivered. This approach rewards designs that minimize electricity use during periods when the
electric grid is most inefficient. For instance, during nighttime hours, the generation and
distribution of electricity is more efficient than during the daytime. Therefore, a kWh saved
during the day is a more substantial savings under the TDV program than a kWh saved at
night.36

Commercial / High-Rise Residential Building Energy Code
Key performance requirements of the Title 24-2013 non-residential code include:
●
●
●
●

Envelope: Mandatory R-14 roof insulation and R-13 continuous insulation with metal frame walls
Fenestration: A maximum of 40% glazing area. Maximum U=0.36, maximum RSHG= 0.25 (RSHG is a
modification to SHGC that accounts for external shading, with no external shading RSHG = SHGC.)
HVAC: Heating efficiency 80% AFUE; cooling efficiency 14 SEER (12 EER)
2
Air Sealing: Title 24, Section 110.6 requires all fenestration and doors to meet 0.3 CFM/ft (facade); Section
110.7 mandates “all joints, penetrations and other openings … shall be caulked, gasketed, weather-stripped,
2
or otherwise sealed.” Section 140.3 is prescriptive, offers a choice of testing at 0.40 CFM/ft at 75 Pa or
more stringent levels for assemblies or materials. The only mandatory air sealing and testing is for ducts.

34

http://www.energy.ca.gov/2013publications/CEC-400-2013-007/CEC-400-2013-007.pdf
http://www.energy.ca.gov/title24/2016standards/background.html
36
http://www.energy.ca.gov/title24/2013standards/prerulemaking/documents/general_cec_documents/Title24_2013_T
DV_Methodology_Report_23Feb2011.pdf
35
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●

●
●
●
●
●

Air barriers: Title 24 requires a continuous air barrier in buildings as part of the prescriptive requirements for
non-residential and multifamily construction, but not in low-rise residential structures. There are no
requirements for mandatory air-leakage testing in the energy code, but testing can be used to demonstrate
compliance with the air barrier requirement as long as the testing is done in accordance with ASTM E 779.
Fan Power: Verification of fan power watt draw (max 0.58W/CFM).
Lighting: New adjustments to lighting power allowance for mounting height, luminance levels, and room
cavity ratio.
Commissioning: Commissioning required during design, construction, and operation phases.
Renewable Energy: Mandatory requirement to leave room for on-site solar on buildings less than three
stories.
Error Detection: Fault detection required on packaged rooftop air-handling units.

Title 24 includes mandatory provisions for a commissioning agent and on-site solar generation
for select buildings, while the NYC energy code does not. In terms of process load reductions,
Title 24 includes provisions for commercial refrigeration, data centers, kitchen exhaust systems,
and compressed air systems in the non-residential standard.

Low-Rise Residential / Single-Family Building Energy Code
Key performance requirements of the Title 24-2013 residential code include:
●
●
●
●
●
●

Envelope requirements: Mandatory R-30 roof and R-13 cavity insulation in wood-frame walls
Fenestration: WWR=20% and fenestration maximum U=0.32, no SHGC maximum limit
HVAC: Heating efficiency 80% AFUE, cooling efficiency 14 SEER (12 EER)
Air Sealing: Mandatory duct sealing and testing
Fan Power: Verification of fan power watt draw (max 0.58W/CFM)
Lighting: High-efficacy lighting and occupancy-based controls

Title 24 includes mandatory occupancy-based lighting controls and verification of fan power
draw, while the NYC energy code does not.

Building Labeling / Disclosure / Mandatory Efficiency
Programs
Over the past five years, San Francisco has made a large effort to collect building energy
consumption data for the commercial sector. This data has mainly come from office buildings,
and the first report analyzing five years of data was released at the end of 2015. Residential
buildings had not yet been monitored by the city government as of 2015; however, there are
minimum energy-efficiency measures that must be implemented upon the sale of any residential
property.
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Commercial Buildings
California Building Energy Asset Rating System37
In 2009, California passed a mandatory building energy disclosure law for existing buildings
greater than 50,000 square feet. Since July 2015, the disclosure requirement has been
expanded to apply to all buildings larger than 5,000 square feet. The rule requires the use of the
U.S. Environmental Protection Agencyʼs ENERGY STAR Portfolio Manager to calculate a
performance rating. There is no requirement for an approved assessor to prepare the ENERGY
STAR rating. Implementation of the law has been delayed indefinitely by the California Energy
Commission over disagreements about the labeling approach and a lack of funding.
San Francisco Existing Commercial Buildings Energy Performance Ordinance
Adopted by the city in 2011, the ordinance has been phased-in over the past three years. For
existing non-residential buildings 10,000 square feet and larger, the ordinance requires:
●
●
●

An Actionable Plan: An energy-efficiency audit once every five years identifying specific cost-effective
measures that would save energy
Benchmarking: Annually summarize the energy used by the entire building
Transparency: Annually share an overview of energy benchmarking results with tenants and the city; San
Francisco Department of Environment is required to make this information available to the public.

An interesting alternative that this ordinance proposes is for buildings to alternate between
energy audits and retro-commissioning. Energy audits are intended to raise issues on current
energy consumption in order for building owners to perform building retrofits. Once retrofits have
been completed, retro-commissioning is more useful to building owners. Retro-commissioning
involves maintenance and trouble-shooting that is not involved with energy audits. The
allowance for both auditing and retro-commissioning to take place is an effort for San Francisco
to ensure that energy retrofits are both encouraged and functional.38
The requirement to report existing building energy use was recently implemented. The first
group of buildings has submitted energy-use data, but this data has not been released to the
public due to questions of data reliability. Despite this, early indications are that 800 of the cityʼs
largest buildings are using 80% of the reported energy use, raising questions about whether the
scope of the benchmarking requirement is too broad.39,40

37

http://www.energy.ca.gov/2015publications/CEC-400-2015-013/CEC-400-2015-013-D.pdf
http://c40-productionimages.s3.amazonaws.com/other_uploads/images/141_Urban_Efficiency._Full_Report._Downloaded_26_November
_2014.original.pdf?1417028879
39
http://blog.wegowise.com/2014-03-27-building-energy-disclosure-laws-the-wegowise-guide
40
Conversations with Atelier Ten San Francisco staff regarding professional experience with San Francisco DOB
38
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San Francisco Green Building Ordinance41
New non-residential buildings and major renovations of more than 25,000 square feet are
required to earn LEED Gold certification or GreenPoint certification (these benchmarking
systems to be detailed in the following section). The requirements apply to historic buildings as
well with some relaxation of stringency to account for historic building elements that cannot be
changed.

Residential Buildings
San Francisco Green Building Ordinance
New residential high-rise and mid-rise projects are required to earn LEED Silver certification or a
minimum of 75 GreenPoint Rated credits. Existing Group R (residential) buildings undergoing
major renovation (>80% of building floor area) are required to earn LEED Gold certification or 75
GreenPoint Rated credits. Projects renovating less than 80% of the building area have the
option to obtain GreenPoint Elements certification and document 49 points from the GreenPoint
Rated Multifamily checklist. The requirements apply to historic buildings as well, with some
relaxation of stringency to account for historic building elements that cannot be changed.
Residential Energy Conservation Ordinance42
The Residential Energy Conservation Ordinance governs the minimum performance of
residential buildings in San Francisco. Upon the sale of a residential property, there are
mandatory energy and water conservation materials and devices that must be installed and
certified by the current owner. Energy conservation measures include attic space insulation,
weather stripping for doors, water heater insulation, caulking, and building sealing. These
requirements help to maintain a level of minimum energy performance, although the standards
included in this ordinance are not the most aggressive.

41
42

http://sfdbi.org/green-building-ordinance

http://sfdbi.org/sites/sfdbi.org/files/migrated/FileCenter/Documents/Brochures_and_Publications/Residential_WaterCo
nservation_Ordinance_Brochure.pdf
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Green Building Strategies
Savings By Design
Savings By Design is a statewide program administered by the California utilities to encourage
high-performance design and construction for commercial buildings. Savings By Design offers a
wide range of services to building owners and design teams. Services include design
assistance, design team incentives, owner incentives, and educational resources such as
Energy Design Resources43 (EDR) and Zero Net Energy.44
San Francisco Energy Watch Commercial Program45
The San Francisco Energy Watch (SFEW) program is designed to target energy-efficiency
retrofits for small and midsize commercial buildings. Free energy audits and construction
coordination are offered to interested businesses through the SFEW Commercial Program.
Retrofit options and technical assistance are offered for smaller businesses, which removes
uncertainty in assessing how effective certain measures will be. The city of San Francisco is
confident that business owners who express interest in energy audits will also pursue retrofits,
as they have observed a high proportion (around 40-70%) of small commercial and multifamily
customers implementing the energy-saving opportunities identified in free audits provided by
SFEW.46
San Francisco Energy Watch Residential Program47
Building owners who purchase utilities from PG&E and are within the San Francisco city limits
are eligible for this program, which offers energy audits and contractor referrals for energysaving retrofits. In-depth return on investment analysis is also performed to help motivate
building owners to pursue retrofits.

43

http://energydesignresources.com/
http://www.pge.com/en/myhome/saveenergymoney/rebates/zne/index.page
45
http://www.sfenvironment.org/energy/energy-efficiency/commercial-and-multifamily-properties/sf-energywatch/commercial
46
http://c40-productionimages.s3.amazonaws.com/other_uploads/images/141_Urban_Efficiency._Full_Report._Downloaded_26_November
_2014.original.pdf?1417028879
47
http://www.sfenvironment.org/energy/energy-efficiency/commercial-and-multifamily-properties/sf-energywatch/multifamily-plus
44
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CALGreen48
In 2010, California created a new green building regulation (Cal Green) that applies to all new
residential and non-residential buildings, existing building renovations, and alterations. The
regulations stipulate requirements for water efficiency, landfill diversion, material toxicity, and
indoor environmental quality. Last year the San Francisco Green Building Ordinance was
updated to reflect the minimum requirements of Cal Green. Previously, in 2008, San Francisco
was the first city in California to adopt its own green building standards requiring LEED
certification of all commercial and high-rise residential projects.
GreenPoint Rated49
Started in 2005, GreenPoint Rated is a third-party rating system created by Build It Green. Build
It Green is a nonprofit organization that promotes healthy, energy- and resource-efficient homes
in California. GreenPoint Rated is similar to LEED and was created prior to the LEED for homes
rating system. The main difference from LEED is that the credits earned in GreenPoint Rated
are unique to the issues faced by California homeowners. Such credits include using droughtresistant landscaping, net-zero energy (not a requirement, but a credit), and planting shade
trees. GreenPoint Rated is an alternative certification program recognized by the San Francisco
Green Building Ordinance for residential buildings, and standards are roughly similar to basic
LEED certification.
Nonpotable Water Ordinance50
The program began in late 2012 and governs the collection, treatment, and use of nonpotable
water in commercial, mixed-use, and large residential projects. The program includes water use
calculators, guidelines for the engineering submissions necessary for approval, building
permitting guidance, and testing procedures once the system has been constructed. Ongoing
maintenance is required for all nonpotable water treatment systems installed in San Francisco.
As part of this policy, an additional incentive was created that awards grant money to projects
achieving specific eligibility criteria to install wastewater treatment facilities.
San Francisco Urban Watershed Management Program51
This program is mandatory for buildings disturbing more than 5,000ft2 of ground surface. It
requires various degrees of stormwater reduction rates based on the associated sewer areas for
the project. The levels of reduction are guided by LEED Sustainable Sites credits. A Preliminary
Stormwater Control Plan must be approved by the San Francisco Public Utilities Commission,
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which will then issue a certificate of compliance. A maintenance plan must also be drafted and
approved as part of the Stormwater Control Plan.
Bird-Safe Design Guidelines52
This voluntary program was developed in 2011 as a response to the growing number of bird
fatalities due to buildings. The guidelines describe various strategies to help external glazing
systems become more visible to birds. These include fritting, lower reflectivity, and colored
glass. The guidelines also outline various strategies that should be implemented at various
building heights, and inform designers of bird migration patterns in the San Francisco Bay Area.

Code and Regulatory Enforcement
Code enforcement is overseen by the Department of Building Inspection (DBI) in San Francisco.
This division oversees inspections of both energy and the Green Building Ordinance. The San
Francisco design community tends to follow the code carefully, avoid shortcuts, and exercise
self-enforcement. California developed the current model of energy code enforcement with
standard forms that are easily checked by DBI. Due to this increased oversight, designers and
contractors began to pay much closer attention to the building code. This change in the review
process is an example of how reporting transparency and streamlining can influence the
behavior of the local design community.
San Francisco incorporates more levels of review than most peer cities. The city verifies that the
proper forms are in place and that the forms are accurately reporting building facts (e.g., that
they reflect a required percentage of savings over Title 24). The reviewers are not, however,
able to access the details of an energy model to verify that the modeling was done correctly.
Code enforcement is generally a sampling process. This is true of all codes, and equally true for
green building codes. There is no additional or separate DBI staff to deal with the San Francisco
Green Building Ordinance. Site inspection for energy issues is virtually nonexistent. Since the
Green Building Ordinance requires LEED certification, DBI inspectors often rely on the LEED
third-party certification process as a means of compliance testing. For example, the city knows
LEED requires fundamental commissioning, and therefore a third party will be verifying that asbuilt systems meet the design intent.
When asked about the inspection process as part of this research, the San Francisco
Department of the Environment explained that they do not think more rigorous or more frequent
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inspections are realistic. There are not enough resources, and the Department of the
Environment has found that transparency and incentives are more effective.53
Performance Compliance Software
The performance compliance path in Title 24 requires the use of automated software for the
energy simulations. Title 24 compliance software calculations run without intervention from the
user once the proposed design model is built. Baseline envelope, systems, and schedules are
applied once the proposed design model has been built, thereby removing any user error in the
generation of baseline, code-compliant models. Once the compliance calculations are complete,
the software automatically finalizes the compliance forms to be printed for submission to the
code official. These compliance forms include documentation of building envelope, fenestration,
daylighting controls, lighting systems, hydronic systems, plumbing fixtures, and outdoor air
inputs. It is a particularly effective way to ensure that baseline models are uniform and savings
from the baseline have not been exaggerated.
The Green Building Ordinance and LEED
LEED was chosen for the San Francisco Green Building Ordinance in part to help with
enforcement, and in part due to its large market recognition. The intention behind this ordinance
was partially to increase the number of reviews by including the licensed design professionals,
the LEED review team, and then the city DBI in the review process. The utility rebate programs
often provide yet another thorough review, which must be completed properly to avoid
penalizations if incentive money is incorrectly spent. Although this is a sampling process, the
likelihood of compliance is higher than it would be with a totally stand-alone code.
DBI felt comfortable adopting LEED certification as a standard because it already had
knowledgeable staff in many categories such as energy, HVAC, and water and plumbing
efficiency. In other areas, such as indoor environmental quality, the DBI knew it could rely on the
third-party review process as part of LEED certification as a proxy for demonstrating
compliance.

Training (Code, Design, Construction)
Overall, the education programs in San Francisco are similar to those in New York City, if not
less advanced. The design community has largely the same educational and professional
requirements, code officials are trained by third-party organizations (such as utility companies),
and construction trades are taught mainly through unions.
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Design Community (Architects and Engineers)
Design community training and education is relatively similar to those in New York City because
both cities are within the United States. Licenses for the state of California are unique to
California, just as New York State licenses are unique to New York. These licenses are often
transferable for a fee or upon completing a state exam.

Code Officials
In the early 2000s, the state carried out a sizable update to energy code training.54 Funding is
becoming scarce, so the utilities companies have primarily taken over this role. The Pacific
Energy Center in San Francisco, run by PG&E, is one example of such a strategy. More
outreach and training is needed for small firms to stay up to date on energy-efficiency methods.
The Pacific Energy Center is one institution that does offer training, although its staff is largely
self-taught.

Construction Trades
Construction trades are largely taught through unions, as the workforce is largely unionized. The
Pacific Energy Center has found that many in the construction trades identify green jobs as
being higher paying; however, this is not always the case. Additional job training is becoming
necessary to maintain existing construction jobs at the same pay. This is one indication of
sustainable construction becoming an expected service rather than a specialty service.55

Design and Construction Practices: Building
Components/Materials/Methods
In general, one of the most important factors affecting building design in San Francisco is
seismic stability, as it is among the first decisions made during design. The majority of
commercial buildings in San Francisco are steel structure, but poured concrete and wood are
also used for certain types of projects. Generally, wood is used only for residential projects and
almost never for commercial projects. This reluctance to use wood structure stems from a great
fire in 1906 that left large sections of the city destroyed and hundreds of thousands homeless.
The design community of San Francisco believes that envelope performance carries less
importance because of the mild climate. This is reinforced because most residential buildings
have operable windows that are used for natural ventilation continuously throughout the year.
As a result, insulation and envelope performance are usually designed to be the minimum
54
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required by code. There are examples of high-performance buildings that have used a double
skin facade concept or triple glazing, such as the Foundry Buildings and the San Francisco
Public Utilities Commission office, but these are rare.
Mechanical air conditioning is installed in all new projects, usually at the direction of the
developers. This stems from several high-profile projects that did not have enough cooling, so it
is generally seen as a hedge against future litigation. However, buildings designed with highperformance envelopes, good fenestration design, increased insulation, and airtight envelopes
would likely not need mechanical cooling systems in San Francisco. A trend toward more
passive design does not yet have deep roots in San Francisco but upcoming changes to Title
24, with the target of carbon neutrality, should increase the rate of adoption of such strategies.

Air Barriers
In practice, continuous air barriers are designed and documented on the project drawings, and
minimum air-leakage criteria are included in specifications consistent with the minimum
requirements of Title 24. Title 24 designates certain construction materials as meeting the
minimum air-leakage requirements of the standard, including plywood, board insulation, and
spray foam, as long as they are installed per manufacturerʼs requirements and all joints are
sealed. Since the continuous air barrier is a prescriptive requirement, little attention is paid to
inspecting and documenting that the air barrier is installed as designed. This means that the
attention to detail required to create a truly airtight envelope does not happen unless the
building is pursuing a high-performance goal such as net zero energy or Passive House.
Generally, air leakage is not given a high level of importance in San Francisco because the
climate is mild and natural ventilation is a common strategy.

Healthy Buildings
The design community in San Francisco is a leader in the concept of Healthy Buildings. Healthy
Buildings initiatives are aimed at reducing the toxicity of construction materials. Examples
include the reduction of volatile organic compounds (VOCs), formaldehyde, and polyvinyl
chloride (PVC) use in construction.

Embodied Energy
There is considerable interest in the design community about the embodied energy of buildings,
but the concept is only being applied to projects with the highest environmental aspirations.
Research at Lawrence Berkeley National Lab has found that calculating the embodied carbon of
materials is very complex in a market like San Francisco. The availability of construction
materials from throughout Asia and America makes it challenging to identify the specific
manufacturing process and material content necessary for robust embodied energy calculations.
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The low operational energy of buildings in California makes embodied carbon a much larger part
of a buildingʼs total carbon footprint, which has helped drive interest in this subject.

Design and Construction Practices: Design Practices
Workforce
Much like New York City, the construction market in San Francisco is highly unionized and relies
heavily on journeymen and apprentices. Overall, there are currently about 15,000 construction
jobs in San Francisco, down from a high of more than 19,000 in 2008. One-third of the workers
are construction laborers, one-third are painters and carpenters, and the last third are
electricians, plumbers, and pipe fitters. Roughly 44% of workers live in San Francisco, and
another 50% live in the surrounding counties. In 2011, a local-hire ordinance was passed to
incentivize hiring of local workers, and results showed a 2% increase in resident work hours.
The workforce in San Francisco is aging and has seen slow growth in the number of apprentices
joining the workforce. This lack of growth is attributed to the recession in 2010, when
construction jobs all but disappeared and there was little opportunity for apprentices to find
work.

Design Team Organization
In San Francisco there is a tendency for clients to have strong allegiance toward certain design
consultants. This means that project teams often change on a project-by-project basis according
to client preference. This is different than in New York City, where clients tend to look for project
teams that have a longer history of working together successfully. This phenomenon is true for
both private and public projects.

Passive House
Passive House certification is not popular in San Francisco because the design guidelines of the
standard are considered excessive for the mild climate of San Francisco. It is more difficult to
justify the benefit of Passive House when first cost is compared to the incremental savings.
Instead, there is more interest in net zero energy buildings utilizing on-site electric generation.

Project Delivery
Three forms of project delivery are seen at various levels of adoption in San Francisco.
Traditional design-bid-build is the main method of project delivery; however, design-build is also
a commonly used method. One of the current trends in California is the use of Private Public
Partnerships (PPP) on publicly funded projects. The PPP model is one where a private group
designs, builds, and then operates a building for a specified period, leasing the use of the space
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to a public entity (see Glossary for further information). This process has helped deliver highperformance projects, including several net zero energy dormitories for the University of
California.

Project Financing56
San Francisco's Property Assessed Clean Energy (PACE) program, "Green Finance San
Francisco," was started in 2012 and is a leading provider of commercial PACE programs in the
country. PACE is a project financing model that connects investors and property owners looking
to improve efficiency. Building owners work directly with investors and project managers on
energy-efficiency retrofits in existing buildings. The program is administered by a third party that
works closely with contractors, owners, financial lenders, and various city agencies to help
manage the different perspectives and try to create a "win-win" for all the stakeholders. To help
manage risk, a lien is taken out against the owner's property until the project loan is repaid.
Under the San Francisco model, the city issues the debt, puts a lien on the property, and
collects special property taxes to repay the PACE investor.
The long-term nature of PACE is very different from other financing options and is more costeffective than the typical blend of debt and equity. PACE increases asset value and net
operating income by reducing operating costs and helping to generate positive cash flow. PACE
can help building owners complete energy-efficiency projects in an economically advantageous
way.
The program in San Francisco has shown that the PACE process works. However, in an effort
to improve participation and the sense of value to the financial decision makers, the program is
partnering with the Environmental Defense Fund's Investor Confidence Project (ICP). The ICP
seeks to promote the consistent and transparent application of existing best practices in the
development of energy-efficient projects. The workflow covers base lining, auditing, scoping,
procurement, construction, installation, commissioning, measurement, and verification. With the
help of ICP, decision makers can be more confident in their investment decisions by using the
streamlined step-by-step protocols that help them navigate project complexities.
The third party that administers the PACE program also trains energy service companies and
contractors that provide benchmarking and energy auditing services in how to integrate the ICP
protocols into their existing workflow.
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Lessons Learned and Potential Initiatives for New York
●

●

●

●

San Francisco has committed to achieving net zero energy in all residential buildings by 2020 and in
commercial buildings by 2030. As a result, Title 24 has made its metric of compliance site energy and has
begun to emphasize whole-building energy simulations. By regulating site energy through code and allowing
automated code compliance simulations, San Francisco is better able to track its progress toward net zero
energy. New York City should consider a similar approach for the tracking of carbon emissions to quantify
progress toward the 80 by 50 goal, as a similar approach has proven to be successful in San Francisco.
The Green Building Ordinance emphasizes above-code design for commercial and residential projects by
creating mandatory benchmarking, which has strengthened San Franciscoʼs building energy performance
requirements. The criteria required by LEED and GreenPoint often go above what is required by Title 24 and
provide an extra set of reviews to ensure code compliance. To increase the thoroughness of design reviews
in New York City, a similar process could be adopted. Due to the existing Local Law 84 framework, this
could be easier to implement in NYC.
The San Francisco PACE Program is a financing model that could be adopted and administered by NYC as
an alternative or in addition to the Green Bank. The PACE Program in San Francisco is relatively low-risk,
offsets the cost to building owners, and provides work to construction companies associated with the
program. Project financing in NYC is generally similar to San Francisco, and there could be a potential to
benefit from a PACE program, especially considering the aging building stock and the need for building
retrofits.
The use of PPP projects in California to deliver high-performance buildings has been successful and might
be a strategy to consider implementing in New York City. The design and construction workforce in San
Francisco is similar to NYCʼs and might have a positive impact on new construction if pursued.
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5. LONDON
Context: Climate
London has a temperate oceanic climate (Köppen climate classification) and despite its
reputation as being a rainy city, London receives less precipitation than many European cities.
Summers are generally warm and rarely hot, with an average July high of 24 °C (75.2 °F) and
low summer humidity compared to NYC. Winters are generally cool and damp with little
temperature variation and an average temperature of 5 °C (41 °F). As a large city, London has a
considerable urban heat-island effect, making the center of London at times 1-2 °C (9 °F)
warmer than the suburbs and outskirts.

Metric

NYC

London

Annual Heating Degree Days

4,555

4,180

Annual Cooling Degree Days

1,259

222

ASHRAE Climate Zone

4

4

Annual Precipitation

42.1 in.

40 in.

Total Annual Incident Solar Radiation

123 kWh/ft

99.6% Heating Design Temperature (DB)

13.9 ˚F

31 ˚F

0.4% Cooling Design Temperature (DB/WB)

92 ˚F / 74 ˚F

83 ˚F / 65 ˚F

2

69 kWh/ft

2

London is warmer than NYC, on average, and has a coastal climate instead of a subtropical
climate as in NYC. Monthly temperatures vary less in London, there are fewer hours of sunlight,
and precipitation levels are lower than in NYC. The annual heating energy usage is similar to
NYC, and as a result, similar importance is placed on the airtightness of the envelope.

Context: Cultural Context
The Greater London Administrative area is the capital city of the United Kingdom, of which
England is a constituent country, and is governed by the directly elected mayor of London and
the London assembly, alongside directly elected local authorities in a twin-tiered local
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governance system. This metropolitan area encompasses 607mi2 (1572km2) including the city
of London and 32 London boroughs, 12 of which form inner London and 20 form outer London.
Each borough is governed by a local council that is responsible for local services such as
schools, waste collection, and development-planning specifications. Greater London is home to
8,415,300 people and is the most populous municipality in the European Union (EU).
As part of the EU and the United Kingdom, London has numerous layers of governance ranging
from EU-wide regulations to local borough laws. The parliamentary system in the UK allows for
the participation of various political parties as well. Economically, London is a leading financial
center with an estimated GDP of $731 billion, has the most-frequented airports, and also has
the highest concentration of higher education institutions in the world. Of the industries located
in London, finance, banking, real estate, and legal are predominant.
One of the driving factors regarding building energy performance in London and the UK is the
discussion during code development in 1995 that building energy efficiency should be
considered as important as health and life safety issues. This placed an importance on
achieving energy-efficiency gains that is unmatched in any of the other cities in this study.57
London passed a law in early 2015 to take effect in 2018 that would prevent energy inefficient
properties from renting their apartments to tenants. Properties that do not earn above an “E” on
their Energy Performance Certification (EPC, to be explained later in the Building Labeling
section) will be unable to rent to tenants until they have implemented energy-saving strategies
identified during their EPC review and have improved their rating. This new policy is an addition
to the existing Green Deal program, which grants loans to building owners implementing
energy-efficiency strategies that are gradually paid off through the buildingʼs electricity bills.
Because the policy has not been put into effect yet, there is still some debate as to whether or
not it will be repealed.58,59
As part of the European Union, the UK takes part in the European climate directives that are
passed. One such directive aims for a 20% emissions reduction below 1990 levels by 2020,
40% by 2030, and 80-95% by 2050. Additionally, there is the 20/20 plan, which aims to reduce
building energy consumption by 20% by 2020, along with a 20% reduction in carbon emissions
and a 20% renewable energy share. All European countries must take part in these initiatives to
reach these targets on time. This creates an impetus for European countries to implement
country- and city-specific energy policies to reach the EU goals.
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Energy Codes
The energy regulations governing building energy performance are covered under Part L of the
UK Building Regulations. Other sections in the Building Regulations include structure, fire
safety, site preparation, toxic substances, noise control, ventilation, water efficiency and
hygiene, waste disposal, fuel storage, building access, glazing (in relation to opening and
cleaning), and electrical safety. The compliance metric used for Part L regulations is carbon
emissions.
The 1984 Building Act established the first set of standardized building performance
requirements, which included Part L. The next major update to the code came in 1995 with
further provisions for energy efficiency. In 2002, the code was revised to make carbon
emissions the metric for building efficiency comparisons. Following this shift in analysis, the
Energy Performance of Buildings Directive was put in place, which required whole-building
energy simulations.
In the present version of Part L, which went into effect in 2006, carbon emissions calculated
from the whole-building energy simulation are compared with a hypothetical baseline building to
prove compliance.60 This hypothetical baseline building is associated with a target emission
rate. A calculation procedure converts proposed building loads into energy and carbon
emissions using seasonal efficiency parameters. To comply, the proposed building must meet
or exceed the target emission rate. The Part L 2013 specifications have been strengthened to
reduce greenhouse gas emissions across all building types 9% relative to the previous version
of Part L from 2010.61
Part L covers the conservation of fuel and power and is organized into the following four
sections without regard to building height:
●
●
●
●

L1A New Dwellings (residential)
L1B Existing Dwellings (residential)
L2A New Buildings Other than Dwellings (commercial)
L2B Existing Buildings Other than Dwellings (commercial)

Part L regulations cover the insulation values of building elements; the allowable area of
windows, doors, and other openings; the air permeability of the structure; solar heating and heat
gains; heating, ventilation, and air conditioning systems; lighting efficiency; space heating

60
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http://www.modbs.co.uk/news/fullstory.php/aid/12062/Tracing_the_continuing_development_of_Part_L.html
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controls; solar emission; the certification, testing, and commissioning of heating and ventilation
systems; and requirements for energy meters.62
The code controls these variables for a baseline model to which the proposed design is then
compared. For new buildings using L2A, the proposed design must have a lower annual carbon
usage than the baseline building; however, there are no prescriptive requirements. Part L2B for
refurbishment allows for a performance approach or a prescriptive approach, depending on the
nature of the proposed changes. Part L1 and Part L2 for new buildings both have mandatory
requirements regarding the minimum performance of the building fabric, air-leakage rates, and
fenestration performance, which must be met even with the performance approach.
Part L applies only to the regulated energy uses within a building, which do not include plug
loads, industrial equipment, or manufacturing energy on the basis that these are not controlled
by the building designers and constructors and are subject to rapid evolution. However,
estimates of plug loads are included in the simulation for the purpose of estimating internal heat
gains. In special circumstances where buildings are known to have a high percentage of
unregulated loads, the Greater London Authority requires the consideration of unregulated loads
as part of the compliance process.63
Buildings are assessed based on their classifications as commercial or residential, and
performance requirements are verified post-construction. Project compliance is assessed on a
per-unit basis. Mixed-use buildings need to demonstrate compliance with mixed/matched
requirements based on use type (i.e., residential versus non-residential). Buildings that are
partially new construction and partially renovations adopt requirements from both the existing
(L2B) and new construction (L2A) standards based on percentage of new construction, with the
L2A standard applying to the new extension and the L2B standard applying to the refurbished
portion of the development. Historic buildings can be exempt from requirements where the
implementation of the requirements would damage their historic character and there are legal
preservation orders in place for the building.
In London, it is important to differentiate between minimum energy codes and regulations that
are established at the national level, and planning requirements that are set at the borough and
city level, which are negotiated as part of the permitting process. Requirements set at the city
level are often more stringent than the minimum national regulations, and requirements at the
borough level are often more stringent than the cityʼs. For example, in central London boroughs,
a 35% energy reduction over the 2010-regulation for planning approval is required. However, in
boroughs farther out from London city center, less of a reduction is required. Some parts of the
city also require a certain level of Building Research Establishment Environmental Assessment
Method (BREEAM) certification at the zoning level.
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To be approved for construction, projects must present their design and demonstrate
compliance on all three levels of jurisdiction (borough, city, and national). However, recent
changes in national law may limit the ability of local authorities to seek standards above national
energy code, although this position is being clarified at the time of writing.
Energy regulations are mandatory and must be met on every project; however, planning
requirements set by each borough can be negotiated by project teams to find alternative
solutions if a requirement cannot be met. In these cases, a project must develop an energy
statement describing the design and setting “conditions” for the project. Conditions listed in the
statement are binding and reference design drawings. The language is reviewed by multiple
entities, including legal consultants, although not all buildings require this process to be
undertaken. In some cases the project team can propose an alternative condition other than
carbon for demonstrating compliance.
One example of negotiation is buying carbon offsets if the 35% energy performance target
cannot be achieved. Local jurisdictions have carbon offsets that they can sell directly to a project
owner at rates they fix (which is open to negotiation). Offsets cannot be used to comply with
Part L regulations at present, but a regulatory process is being established for future regulations
that may require net zero carbon emissions. The London carbon offset scheme has a nationally
recognized carbon dioxide price of £46 per ton, or $68 (over a 30-year life span, this is £1,380
per ton, or $2,032), or projects can be required to use the pricing developed by each borough.
These prices can be several times higher if the local borough believes that local offsetting
measures are particularly complex to implement due to the historic character of the borough.
An alternative to code compliance pursued by a select few projects is the ability to prove a
significant reduction in embodied energy. Materials can have a high embodied energy due to
intensive manufacturing processes and transportation demands. As a result, project teams who
can quantify a significant reduction in the energy used to produce, transport, or source their
building materials will have more of an impact on todayʼs utility grid, although the overall
environmental impact can be compatible or lower in terms of emissions. This scenario has been
approved by borough, city, and national review boards in the past, although it is rare and not
considered standard practice.64
These negotiated substitutions must be handled with great care, so as not to compromise the
intended goal of the regulations. If New York City were to adopt a methodology similar to
Londonʼs, significant quantitative criteria would have to be demonstrated before any legislative
body approves the alternative.
Part L regulations were expected to be updated again in 2016, at which point L1A regulations
would require new residential dwellings to be zero carbon. In July of 2015, however, the UK
government abandoned its plans to follow through with the residential portion of the Part L
64
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revision for carbon neutrality. This decision has not been well received by various parties,
including building designers and environmental groups. L2A was also expected to follow suit in
2019, requiring new non-dwelling buildings to be zero carbon. There has been no update as to
whether or not this will actually happen. This revision would have required only the portions of
building energy use regulated by Part L to be zero carbon.65

Commercial Building Energy Code
The two important codes governing commercial buildings are:
1.
2.

Part L2A for non-domestic new building
Part L2B for non-domestic refurbishment

Part L2A requires that evidence be provided certifying the expertise of the person calculating
proposed performance criteria included in the performance energy model. It also requires
additional documentation when construction has values that outperform the following values:
●
●
●
●
●
●

2

Wall U-Value: 0.040 Btu/ft *F.
2
Roof U-Value: 0.026 Btu/ft *F.
2
Floor U-Value: 0.035 Btu/ft *F.
2
Window/Door U-Value: 0.264 Btu/ft *F.
2
2
2
Air permeability: 0.54 CFM/ft (of façade surface area) for buildings over 5,381 ft ; 0.82 CMF/ft for smaller
buildings. This must be tested on-site using a blower door test.
Building services efficiencies more than 15% better than recommended for its type by Part L.

A simulation-based approach is used for compliance with Part L2 regulations, following the
National Calculation Methodology (NCM). This methodology is very similar to Californiaʼs Title
24 simulation compliance path, in that the majority of the building operational inputs are fixed
and uneditable by the designer. The NCM describes building performance inputs for a wide
range of different building types and almost 200 different space types. This, in comparison to
Title 24, which has three or four building types and at most 20 different space type definitions, is
much more comprehensive.

Residential Building Energy Code
The two important codes governing residential buildings are:
●
●

Part L1A for domestic new building dwellings
Part L1B for domestic refurbishment of dwellings

When documenting code compliance, all construction values that are more stringent than the
following typically expected values must be reported and documented:
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●
●
●
●
●
●
●

2

Wall U-Value: 0.026 Btu/ft *F
2
Roof U-Value: 0.023 Btu/ft *F
2
Floor U-Value: 0.023 Btu/ft *F
2
Window/Door U-Value: 0.211 Btu/ft *F
2
Party Wall U-Value: 0.035 Btu/ft *F
2
Thermal Bridging Value: 0.007 Btu/ft *F
2
Air Permeability: 0.54 CFM/ft (facade) for all dwellings

Part L1A sets out the requirements for standard assessment procedure (SAP) calculations and
carbon emission targets for dwellings. The SAP calculations are used both for compliance with
the energy code and to calculate the Energy Performance Certificate rating, described later in
this text. This calculation procedure is supported by a set of construction details, now known as
"Accredited Construction Details," which focus on limiting air leakage and thermal bridging in
construction.

Building Labeling / Disclosure / Mandatory Efficiency
Programs
The most common green building certification standard used in London is BREEAM. BREEAM
is an international green building rating system used predominantly in Europe. It is the first
green building certification scheme and has been thoroughly developed since its creation in
1990. Part L regulation and BREEAM energy requirements are similar for new buildings, and
documentation is more or less interchangeable for overlapping criteria. However, because of
time-line differences, they are usually prepared separately. BREEAM documentation tends to be
more complicated and comprehensive than Part L, and encompasses a number of areas not
covered by Part L or other building regulations, such as material impact, transportation, and
ecology.66

Commercial Buildings
Commercial buildings can use the same dynamic thermal model for both Part L regulation
compliance and BREEAM. In a mixed-use project, if BREEAM certification is achieved, it is
likely that the project will comply with the Part L regulation as well.
UK Regulation 29, part of the overall Building Regulations, also requires the preparation of an
Energy Performance Certificate (EPC) for all new non-dwelling buildings and all existing
buildings whenever they are offered for rent or lease.67 These certificates are required for many
European cities, including Frankfurt. Legislation has been proposed for 2018 that would require

66
67

http://www.breeam.org/
https://www.gov.uk/buy-sell-your-home/energy-performance-certificates
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all existing buildings to meet minimum EPC standards before they could be sold or rented. This
legislation is still being developed.68

Residential Buildings
BREEAM is not typically used for residential development, with the UK government's Code for
Sustainable Homes (CSH) used in its place CSH uses the same SAP calculations as Part L.
However, the government is withdrawing CSH and a new version for BREEAM domestic
schemes is being launched.

Green Building Strategies
Stormwater
Stormwater is strictly regulated because of flood issues. Typically, runoff needs to be reduced to
greenfield equivalent levels, although retaining predevelopment levels may be acceptable. The
most common strategy is to use storage/reuse tanks. Green and brown roofs are also common,
but have to compete with roof real estate for PV and other amenities.

Enhanced Biodiversity
Enhanced biodiversity is a planning requirement based on BREEAM and although it is often
achieved, it is somewhat negotiable. Compliance is typically based on an increase in the
number of flora and fauna species on a given site rather than on the size of the area restored.
The criteria for enhanced biodiversity are standard across commercial and residential building
types. Larger developments are required by law to undertake an environmental impact
assessment (EIA) to protect local ecology.

Air Quality
Air quality is heavily controlled through a number of tiers of regulation developed following the
great smog of the 1950s, which resulted in a number of deaths due to poor air quality stemming
from coal being used as the primary building heating fuel at the time. Coal has been banned
within London as a fuel along with a number of other heavily polluting fuel sources, and new
chimneys are carefully designed for pollution dispersion. A number of boroughs have air quality
managed areas, and development is scrutinized to ensure that major new development does
not provide significant adverse effects.69
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http://www.gva.co.uk/sustainability/2018-epc-minimum-standards-update/
http://www.cityoflondon.gov.uk/business/environmental-health/environmental-protection/air-quality/Documents/cityof-london-air-quality-strategy-2015.pdf
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In early 2008, London implemented the Low Emission Zone for central London to reduce
emissions from automobiles. Vehicles are required to meet certain requirements, depending on
the vehicle type. Higher-emission vehicles must pay a daily toll to enter the city center. Vehicles
with particularly high emissions are prevented from entering the city altogether. This is a
legislated requirement. However, it is also a progressive approach to the management of air
quality within a city that also shifts the sourcing of vehicle fuels away from diesel and gasoline.70

Code Enforcement
The tiers of government oversight for energy code compliance are such that code enforcement
of Part L regulations is very strict. The various levels of review mandate the design criteria to be
reviewed and approved at local, city-, and UK-wide levels. Additionally, once the building is
constructed, there will be yet another round of reviews to verify that the building energy
performance and envelope criteria have been achieved. If these criteria are not achieved, there
are severe penalties, such as prosecution in the Magistrateʼs Court or the local authority
mandating building alterations to meet code. The financial cost to the project for not meeting
code can be substantial, not only in terms of re-work, but also because prosecution penalties
usually involve fines.71 This is compounded by a stipulation that prosecution may take place
after the building is occupied. Failure to meet regulations can result in jail time in extreme cases
if it can be proved that fraudulent building documents were created to evade building codes.
This is outlined under misrepresentation laws; however it is difficult to prove in court.72
The enforcement criteria for both residential and commercial buildings are similar. Energy
statements are developed as part of design and then submitted with the building permit, which
outlines the criteria for compliance. A post-construction review is done to validate that the
compliance criteria have been met. The building control officer inspects the works on site as
they are being constructed to ensure that the key energy features are being installed. This
includes blower door testing for air tightness and adjusting the energy model to account for any
design changes in the construction based on a sampling regime. The as-installed features and
performance measures are then included in the final energy model submitted for approval on
completion.

Training (Code, Design, Construction)
Training courses for Part L are organized by both private and public organizations and are
generally available as daylong classes and webinars. The UK Green Building Council (UKGBC)
has developed three levels of sustainability education that professionals or interested parties
may enroll in at any time. The first level is an online introductory course. The second level is a
70

http://www.tfl.gov.uk/modes/driving/low-emission-zone
http://www.planningportal.gov.uk/permission/responsibilities/buildingregulations/failure
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From conversations with Atelier Ten London Office regarding observed experiences
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several-day, in-person training session. Finally, the third level is completed over several weeks
and includes in-depth technical information. The UKGBC also approaches training from the top
by inviting leading industry professionals to summits to discuss the latest trends in green
building practices.
In general, the construction industry is seen more as a career in Europe than in the U.S.
Construction companies do their part to educate their employees, but employees themselves,
especially construction workers, will undertake professional development education to ensure
job security. Professionals who have worked in both the EU and the U.S. have noticed that
construction jobs in the EU are more desirable, and individuals choose to become construction
workers because they are genuinely interested in the work. This increased sense of career
commitment leads workers to take more interest in continuing education.73

Design Community (Architects and Engineers)
There is no protection of title or function for engineering or architecture in the UK. More
advanced engineers seek Chartered Engineer status, which does not permit functional activities,
but is a recognition of advanced professional standing by the Engineering Council/Royal
Academy of Engineers. The process of becoming an engineer in the UK consists of academic or
work experience. Work experience hours must be documented if educational requirements were
not achieved. Written reports of work alongside interviews are undertaken to evaluate
acceptability for Chartered Engineer status via one of the recognized awarding institutions.
Architects are required to have an accredited undergraduate and graduate degree in
architecture, in addition to two to three years of professional experience. An exam must be
passed to register with the Royal Institute of British Architects. The requirements are similar to
those in the United States. There is no protection of function for engineers or architects. Anyone
may submit an application for building permits and regulatory approval.

Code Officials
Members of the design team can be, and typically are, assessors for green building
benchmarking compliance. Regulatory approvals can either be undertaken by the council
external to the design team or by Approved Inspectors (private Building Control Officers), who
can sit on the design team and are audited by central government to ensure parity of standards
being applied. Code officials are technically able and knowledgeable about modeling.
●

73

Current standards
○ Building Control Officers or Approved Inspectors for all types of developments building control
regulatory compliance
○ “EPC assessors” for new commercial buildings EPC certificates
○
“SAP assessors” for new residential buildings EPC certificates

From conversations with contacts from Turner Construction
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○

Typically, employers pay for EPC/SAP assessorsʼ training, and those seeking certification need to
participate in a paid training period and pass a test to become an assessor.

Construction Trades
The construction labor force in Greater London is estimated at 152,000 people, or 3.2% of the
total workforce of 4,729,000 people. The majority of construction trades are nonunionized.
In addition to the courses offered by the UKGBC, construction trade training is mainly done
through technical colleges across the UK. These colleges provide hands-on training as well as
theoretical education. Generally, one must pay to attend these colleges. As part of the
permitting process, the local boroughs will often require the developer to fund apprenticeships
for local employees to be delivered via the main contractor. A number of contractors have
funded trade-specific training programs and centers to deliver the required apprenticeships.
To identify the necessary training requirements for construction trades, the United Kingdom
participated in the EU BUILD UP Skills initiative between 2011 and 2013. The goal of the BUILD
UP skills initiative is to help EU member countries improve the training programs of craftsmen
and on-site construction workers in the building sector so as to achieve high-performance, nearzero and net zero energy buildings. In May 2012, the UK published “BUILD UP Skills — United
Kingdom Analysis of the status quo,”74 documenting the current level of construction worker
training and the anticipated skills needed in the UK workforce to meet the demands of
constructing high-performance buildings.
In March 2013, the UK finished the second piece of the BUILD UP Skills initiative with the
publication of “BUILD UP Skills – United Kingdom Skills Roadmap and Action Plan.”75 This
report outlines the measures required to overcome the barriers in skill gaps necessary to meet
the EU energy-efficiency goals by 2020. Implementation of the 2020 Roadmap is to be handled
by an organization called SummitSkills. This organization takes the leading role in developing
occupational standards, certifications, and training schemes that align with the UK Build Up
Skills Roadmap.76
A May 201477 report summarizing the progress of the BUILD UP Skills initiative found that
improving worker skills alone is not sufficient to improve building outcomes. Other
complementary factors, such as financial incentives and third-party control, are required to
achieve the desired outcomes.
An important aspect of the BUILD UP Skills initiative is the learning opportunity from other EU
member states. Information sharing is an important aspect of the BUILD UP Skills initiative
across the more than 20 EU member states participating in the program.
74

http://www.buildupskills.eu/sites/default/files/national_projects_documents/BUSUKFinalReportMay2012.pdf.pdf
http://www.summitskills.org.uk/wp-content/uploads/2014/12/BuildUp-Skills-2020-skills-roadmap-and-action-plan200313pdf.pdf
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Design and Construction Practices: Building
Components/Materials/Methods
In 2013, London created a plan called the LEAN:MEAN:GREEN measures to help the city reach
the goal of zero carbon in all new construction by 2025.78 This three-pronged approach consists
of the following strategies, to be detailed in this section:
●
●
●

LEAN – Building envelope improvements
MEAN – Efficient systems engineering
GREEN – Renewable energy

LEAN – Materials and Components
As a result of the strict goals set forth by the EU for zero carbon buildings, buildings have been
bolstering their envelope thermal performance by focusing on walls, windows, and material
selection. Over the past few years London designers have seen the insulation in walls become
significantly thicker.79 This is improving the performance of the envelope, but it is also changing
the way building exteriors look because brick cladding can no longer be supported easily
through such thick insulation layers.
Triple-pane glass is another building component that has gained popularity in London designs.
Well-designed triple-pane windows can substantially improve both the solar and thermal
performance of fenestration, compared to double-pane assemblies.
Cross-laminated timber (CLT) and wood structures in general have become popular in London
project designs due to the reduced carbon emissions associated with their production.80
Embodied impacts have been increasingly considered in building projects in the UK, especially
among high-performance buildings. This type of design can also, as informed by conversations
with local professionals, be used as an alternative to meet energy code requirements.
MEAN – Building Systems
Building systems must become extremely efficient to create a carbon-neutral building stock.
Almost no HVAC system is designed without heat recovery in London because energy
reductions requirements would not be met otherwise. Another trend in building systems has
been to install more air-source heat pumps. The motivation behind this increase is mainly due to
the Seasonal Efficiency of Domestic Boilers in the UK (SEDBUK) rating system,81 which ranks
air-source heat pumps much higher on seasonal efficiency than an efficient boiler. This shift
78
79
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http://www.designingbuildings.co.uk/wiki/Mean_lean_green
Conversations with Atelier Ten London contacts with professional experience on building projects

http://www.building.co.uk/the-rise-of-cross-laminated-timber/5069291.article
http://www.homeheatingguide.co.uk/sedbuk-rating.html
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could cause problems in the future, as air-source heat pumps require maintenance that can only
be performed by technically trained professionals, such as refrigeration engineers.
GREEN – Renewable Energy
As the final step in the LEAN:MEAN:GREEN measure, on-site renewables and especially
district energy systems are highly encouraged. District energy systems were phased out of
London in the 1950s due to pollution concerns with generation plants (typically oil- or coal-fired)
and a move from electricity power stations out of London to rural (now suburban) locations,
reducing the availability of low-cost heat. Now, however, the city of London is very interested in
implementing district energy systems (mainly gas-fired CHP) because of the significant increase
in efficiency it can have. There has been some support for power station heat recovery as
London has expanded to encompass out-of-town power stations such as at Barking. The
Greater London Authority requests the importation of existing heat networks, or developing new
heat networks, as a priority as part of the permitting process for new developments.

Air Barriers
Besides the LEAN:MEAN:GREEN measure, one aspect of building construction that is very
stringent within Part L regulations is control of air leakage and thermal bridging. From the
introduction of mandatory infiltration control in 2006, standards have shifted from typically
achieving 10 m3/m2hr (0.54 CFM/ft2) at 50 Pa pressure difference to ~3m3/m2hr (0.16 CFM/ft2).
While early adopters incurred costs, current standards are typically delivered without a cost
premium due to the evolution of both design and working practices in the London construction
market in response to regulatory drivers.
To support the construction industry, the Department for Communities and Local Government
created a guideline titled “Accredited Construction Details” guidance on envelope assemblies to
reduce thermal bridging and increase air tightness. The guideline was issued in 2011 to improve
compliance with the 2011 Part L Regulations for dwellings and is part of a larger group of Part L
Technical Documents. These details help to ensure that a project meets the minimum airleakage requirements of Part L Regulations. These details are most often used by smaller firms;
most large firms will have their own internal knowledge of how to deliver high-performance
buildings.82
Most new buildings, including dwellings, but excluding large extensions to buildings other than
dwellings, are required to perform airtightness testing. National Building Regulations requires
both elemental/spot and area-weighted average thermal performance parameters for the roof,
walls, floors, party walls, fenestrations, and pedestrian doors. Airtightness must be tested to
reduce infiltration and heating/cooling demands. Qualified persons must conduct a blower door

82

From conversations with Atelier Ten contacts in London, based on professional experience and industry
observations
URBAN GREEN WORLDWIDE LESSONS TECHNICAL REPORT

Page 50 of 133

5 LONDON

test according to the Air Tightness Testing and Measurement Association (ATTMA) and also be
trained by the ATTMA and certified by the British Institute of Non-Destructive Testing (BINDT).
These testing agents generally work for independent third-party companies. This is in contrast
to the United States, where blower door testing is most common at the residential level.
All non-residential spaces in buildings (such as common corridors and reception areas in an
apartment block that are outside the premises of an individual dwelling) must be tested, and
residential spaces are allowed to be sampled. Three tests or 50% of each type of dwelling unit
must be sampled. Dwelling types include provisions for differences in position, size,
adjacencies, number of penetrations, and design air permeability. As part of the testing regimen,
mechanical and passive ventilation vents can be temporarily sealed. This temporary sealing
includes trickle vents but not windows and doors.
Smaller buildings under 500 m2 (5,381 ft2) may opt out of air-leakage testing. To opt out of
testing, the energy model representing the proposed design must include air leakage equal to
15 m3/m2hr (0.82 CFM/ft2) at 50 Pa compared to the baseline condition of only 10 m3/m2hr. This
higher air-leakage rate is a difficult hurdle, and most projects choose to test, as it substantially
increases the carbon emissions associated with the project, making compliance more difficult.
Typically measured air-leakage rates in London buildings are as low as 3-5 m3/m2hr.83 Although
these values are higher than those required by the IECC 2012 or Californiaʼs Title 24-2013, the
general trend in the building industry has been to reduce envelope infiltration rates to meet the
stringent energy-reduction requirements. Local authorities can negotiate over the conditions
listed in the energy statement as long as the minimum regulations of Part L are met.

Design and Construction Practices: Design Practices
The level of stringency of Part L requires some designers to incorporate passive strategies into
their designs. These strategies are often dismissed by project teams in the United States due to
high costs and relatively few documented projects. The most common passive strategies are
natural ventilation, displacement ventilation, and radiant heating and cooling. These strategies
require less work to be done to the site, and are relatively less expensive when compared to
NYC because of their increased popularity in London. Other passive strategies that are less
common in London include thermal piles and earth ducts.
Passive House strategies are being used more widely in London, although there has been some
discussion over their applicability and design implications. Passive House certification is not
mandatory in any region of London; while some design teams have chosen to pursue
certification, only a limited number of projects have been certified. The widest application of
Passive House has been in the residential sector.
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There are mixed feelings about Passive House in the UK. While there are strong proponents
who see the benefit of reduced emissions and improved comfort, others are more skeptical.
Some design professionals doubt the efficacy of Passive House certification for more active
buildings such as schools or retail.84 Because these building types rely on natural daylight and
are used continuously throughout the day, the tight envelope performance criteria will not be as
effective in these applications. Designers also worry that the criteria set forth in the Passive
House standard will take creativity out of building design. The standard is thought to penalize
designs such as recessed balconies, because of the impact they have on building heat flow if
proper thermal bridging prevention measures are not carried out. Others feel that Passive
House requires all performance to be driven from the building envelope and that the existing
regulated performance levels are already at the point of rapidly diminishing environmental
returns at great expense. With limited budgets, this results in the diversion of capital from areas
of higher impact to increasingly small benefits in the skin, diminishing overall project
environmental performance.85

Project Delivery
Design teams in London work more closely with one another than in the United States, as
observed by peer city contacts. This is in part due to more similar educational backgrounds.
Architecture degrees are often part of engineering programs. More important, contracts often
favor collaborative teamwork. Design-build projects are more commonly used in the UK and
seem able to deliver higher performance buildings with fewer issues during construction,
according to observers.
Those who develop and design buildings fall into three major categories in London: the
Registered Social Landlords (RSL), medium-cost developers, and the high-end developer
builders. The RSL projects are aimed solely at the creation of affordable housing and work
directly with the government for funding and design criteria. Among other criteria, these types of
projects must meet minimum floor area and sustainability requirements. Many of the architects
and engineers who work on these projects are assigned as pre-approved panels of consultants.
The team of consultants is then selected for each project without necessitating traditional
consultant bidding or design competition.86
Medium-cost developers primarily intend to earn money from the rent or sale of properties and
are therefore concerned with minimally meeting code requirements. Often, the RSL projects will
perform better than the medium-cost developer projects due to higher government involvement
or a concern for resident energy costs.
The third type of project is done by the high-end developer builder, who typically produces
creative and innovative designs. These developers will respond more to sustainability needs
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because of corporate social responsibility demands, and because they wish to create
progressive buildings to attract high-end tenants or clients. These types of clients will often
require design teams to work more closely together. Design-build projects are more common
with this subset of projects.
For projects that do not have a requirement for BREEAM and do not wish to pursue certification,
there are voluntary sustainability guidelines generated by clients or developers such as the
British Land Sustainability Brief for Developments. These guidelines outline a framework for how
to manage and plan a sustainable building project. The framework does so through a list of
actions a project team should take, such as writing a sustainability project brief, setting project
targets, and applying sustainability goals in design and construction. By providing a framework,
British Land can educate a wider array of developers who perhaps wish to build environmentally
friendly buildings but do not have the funding to pay for extra services. All of these project goals
are completely self-enforced.

Lessons Learned and Potential Initiatives for NYC
●

●

●

●

●

●

London offers a glimpse into the future of energy code development and enforcement due to its longevity
and dedication to environmental issues. The UK has shifted to a top-down code that determines code
compliance based on calculated carbon emissions. This change came about when the EU created
emissions goals. New York City is currently in the same situation that London was in, and based on the
success of Part Lʼs changes, this strategy should be seriously considered for New York City.
Part L requirements look only at regulated energy, which excludes process energy loads. This is an
important distinction when claiming to achieve net zero energy or carbon neutrality in buildings. Unregulated
energy use in buildings in the United States is typically anywhere from 20-30% of total annual energy use. A
building energy code that is focused only on 70-80% of building energy use will fall short of reaching net
zero energy or carbon neutrality. When New York City develops its next versions of the building energy
codes, process loads should eventually become regulated.
Energy Performance Certificates and the progression of Londonʼs asset rating have been successful in
creating public awareness of building energy consumption. London has considered using this data to update
the lowest-performing buildings, by requiring certain levels of minimum performance to attain certificates of
occupancy. Although New York City will have to develop a public means of reporting building energy data,
starting with energy disclosure upon lease or sale of a building would be a first step, as it was in London.
For New York City to improve the energy efficiency of all building types, both low and high budget,
developing a set of pre-approved construction details could be beneficial. These details should be designed
to incorporate energy-efficiency provisions, such as details that eliminate thermal bridging. Londonʼs preapproved details are not always used, but could form the basis of a larger building database for New York
City.
The EU BUILD UP Skills program has provided the UK with a road map for how to update the skills in the
construction workforce to meet 2020 building energy targets. New York City should also consider taking
such action to identify key areas that are lacking in technical expertise.
Design teams in London work more closely with one another than in the U.S., as observed by peer city
contacts. This is in part due to more similar educational backgrounds. Architecture degrees are often part of
engineering programs. More importantly, contracts often favor collaborative teamwork. Design-build projects
are more commonly used in the UK and have been observed as being able to deliver higher performance
buildings with fewer issues during construction. New York City should consider adopting models that
encourage design team integration.
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6. FRANKFURT
Context: Climate
Frankfurt has a temperate climate with cold winters and low summer humidity. It is categorized
as an oceanic climate (Köppen climate classification), with warm summers and cold winters.
This heating-dominated climate requires little to no air conditioning, and natural ventilation
strategies are often pursued to eliminate cooling systems. The reference building to which
proposed designs are compared has relatively low U-value requirements, which in turn leads
designers to use better-insulated construction to achieve similar or lower annual energy usage.
Having a properly insulated and thermally isolated building envelope is important to eliminate
cooling loads as well as reduce heating loads in Frankfurt.
Metric

NYC

Frankfurt

Annual Heating Degree Days

4,555

5,570

Annual Cooling Degree Days

1,259

308

4

5

42.1 in.

25.8 in.

123 kWh/ft2

67 kWh/ft2

99.6% Heating Design Temperature
(DB)

13.9 ˚F

15 ˚F

0.4% Cooling Design Temperature
(DB/WB)

92 ˚F / 74 ˚F

88 ˚F / 66 ˚F

ASHRAE Climate Zone
Annual Precipitation
Total Annual Incident Solar
Radiation

Frankfurt is, on average, cooler and drier than NYC. The climate in NYC is more varied than in
Frankfurt, which generally requires very little cooling or dehumidification. Frankfurt also receives
less solar radiation and less precipitation than NYC.
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Context: Cultural Context
Frankfurt am Main is the largest city in the state of Hessen, Germany. With a population around
2.2 million, the city is the largest financial center in continental Europe. The European Central
Bank, Deutsche Bundesbank, and the Frankfurt Stock Exchange are all based in Frankfurt. The
city is also home to the largest skyscrapers and high-rise buildings in Germany.
Germany is part of the European Union (EU), and within Germany there is a strong central
government that governs the 16 states of Germany. The EU is responsible for setting many
high-level goals, which are then left to the member nations to implement. The German central
government controls national standards and codes, while the states have local or regional
legislation that governs local interpretations and implementations. Germanyʼs government is a
parliamentary system, which has numerous political parties with well-developed political
agendas. The governing political parties in Frankfurt are the CDU, Bundis ʼ90, and the Greens
— a party founded on environmental issues.
Frankfurt has a series of historic buildings, including ruins dating back to the Roman Empire.
Historic buildings are concentrated in the inner city, the Altstadt, located right next to the Main
River. However, due to the destruction during World War Two, the majority of the building stock
was built or rebuilt after 1945. Frankfurt consists of mostly residential buildings, with a significant
number of mixed-use buildings. The majority of residential buildings are three to four stories.
Frankfurt has just over 30 buildings ranging from 328 ft. (100m) to 850 ft. (259m) tall. Most of
these buildings are for commercial use, with only a small portion of high-rise residential
developments. Most residential buildings are low-rise apartments.87
Germanyʼs population is relatively homogeneous, with a strong middle class, public education
system, and sense of social collectivism.88 As a whole, Germany is an environmentally
conscious country and has been a pioneer in solar energy and energy-efficiency programs
throughout Europe. This is partially due to the German value of environmental preservation and
a flourishing workforce of small to midsize companies. These small to midsize companies have
a high degree of technical expertise and are able to specialize and innovate in their trade to help
further the technical aspects of building energy efficiency. The German government has
identified its workforce employed in small to midsize firms as the backbone of its economy. As
such, the government works to protect the business of these firms and protect their ability to
make a living from specific technical trades.89
Climate change and sustainability are viewed as larger, societal issues that every citizen must
address, which can be traced back to the social collectivism of Germany. Two contributing
87
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factors to the perceived superior environmental agenda in Germany are the higher cost of
energy in Europe and the increased sense of social responsibility that comes with sourcing
energy. Clean energy is much preferred to energy sources such as nuclear, which caused
political turmoil several years ago and led to a plan to phase out of nuclear power in the near
future.90 The increased sense of social responsibility in Germany causes Germans to be wary of
fuel sources such as nuclear, oil, and natural gas, due to the social and environmental
responsibilities of their production. The German government invested in numerous
environmental programs since the 1980s to decrease dependence on fossil fuels, and
incentives are offered for on-site energy production and renovations of existing buildings in the
EU, Germany, and the state of Hessen. There is a heightened sense of corporate responsibility
that drives green building certifications and sustainability. Public sentiment supports these
certifications as well.

Energy Codes
The Energy Savings Ordinance (EnEV) has served as the building energy code in Germany
since 1977. The code began with prescriptive requirements; however, in 2002, the code
switched to a performance-based code and continues to use this approach today. Frankfurt has
also made the Passive House Standard the supplementary energy standard for all city-owned
buildings. There are several city-wide energy policies that set goals for carbon reductions, green
energy, and energy management in municipal buildings. Energy performance certificates are
also mandatory for all commercial and high-rise residential projects, as dictated by EnEV 2014.
For existing buildings, energy performance certificates are required when leasing, selling, or
renovating. Eventually, these certificates will be required for all buildings, whether ownership is
being transferred or not.91
In addition to the EnEV 2014, there is the Renewable Energy and Heating Law (EEWarmungG
2014), which has more requirements for new constructions. A portion of the buildingʼs energy
demand for heating and cooling must be met with renewable energy. The percentage of
renewable energy generally ranges from 15-50% depending on the type of building.92,93

Commercial / High-Rise Residential Building Energy Code
EnEV 2014
The EnEV 2014 standard aims to create a carbon-neutral building stock by 2050, similar to the
ultimate goal of California Title 24-2013, and includes all buildings that will use energy for
heating or cooling. Exemptions include buildings that house animals or plants, temporary
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http://www.cleanenergywire.org/factsheets/history-behind-germanys-nuclear-phase-out
Conversations with contacts in Frankfurt involved in the building energy-efficiency field
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structures, religious buildings, and buildings that do not need to be heated above 12 degrees
Celsius.
The EnEV mandates that building energy performance be below a reference case building, but it
does not prescribe specific strategies to meet that criterion. It provides a calculation
methodology to predict an energy budget for all newly constructed buildings and existing
buildings when renovated. This energy budget sets an upper limit on source EUI.
Similar to the way in which the baseline ASHRAE 90.1 compliance models and proposed design
models are calculated, thermal values of the building envelope and building systems change
while the inner volumes and geometry remain the same. There are no concrete upper limits for
specific building components, and these are recalculated for every project. That allows the
planning team to determine through which components the source EUI requirement is met
(better insulation, better heating system, etc.). The only additional requirement is the thermal
conductivity for the entire building, which is detailed later in this section.
By using a top-down design standard, the city has left many of the building design decisions in
the hands of the design team. This allows the city to continue to increase stringency without
imposing too many restrictions on the materials and systems building designers use.
The following specifications are applied to the reference building to which the proposed design
is compared. These specifications are not required for proposed designs. Baseline
specifications for non-residential buildings are:
●
●

●
●

●

Exterior wall thermal conductance:
2
○ Heat transfer coefficient: U = 0.049 (Btu/h*ft *F)
Curtain wall performance:
2
○ Maximum heat transfer coefficient: U = 0.246 (Btu/h*ft *F)
○ Maximum glazing energy transmittance: g = 0.48
○ Light transmittance: T = 0.72
Roof:
2
○ Maximum heat transfer coefficient: U = 0.035 (Btu/h*ft *F)
Windows, Doors:
2
○ Maximum heat transfer coefficient: U = 0.229 (Btu/h*ft *F)
○ Maximum glazing total energy transmittance: g = 0.60
○
Light transmittance: T = 0.78
Air infiltration cannot exceed:
○ 2 ACH at 50 Pa for naturally ventilated buildings, and
○ 1 ACH at 50 Pa in mechanically ventilated buildings

The Frankfurt infiltration limit is measured in air changes per hour (ACH), as is the New York
City residential test option. Testing is not required in Frankfurt for commercial buildings.
However, if a building chooses not to pursue blower door testing, a penalty must be taken in the
proposed building design energy calculation. Additionally, if the building infiltration rate does not
fall below the maximum infiltration value set forth by the EnEV, the proposed design must
incorporate the same penalty as if the designer did not conduct a blower door test. Similar to
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Londonʼs Part L, this penalty is designed to incentivize designers to choose to conduct a blower
door test. Failing to meet the code criteria will result in costly mandatory repairs to ensure that
the air barrier is installed.94
If no blower door test is carried out for a new building design, the air infiltration value will be set
at a higher value of 2.35 ACH at 50 Pa. In existing buildings that value is set somewhat higher
(3.53 ACH at 50 Pa with no apparent leaks, 5.88 ACH at 50 Pa with obvious leaks). If a blower
door test is carried out, the air infiltration value is set lower (0.78 ACH at 50 Pa) in the early
planning phase and is then replaced by the measured value.
EnEV also limits the thermal conductivity of the entire building envelope, limiting the allowable
trade-offs between different envelope components. The maximum envelope values for room
temperatures above 19°C (66°F) are:
●

●

●

Opaque building envelope:
2
○ Up to end of 2015: U = 0.0616 (Btu/h*ft *F)
2
○ After beginning of 2016: U = 0.049 Btu/(h*ft *F)
Transparent external components and curtain wall:
2
○ Up to end of 2015: U = 0.335 Btu/(h*ft *F)
2
○
After beginning of 2016: U = 0.264 Btu/(h*ft *F)
Skylight assemblies:
2
○ Up to end of 2015: U = 0.546 Btu/(h*ft *F)
2
○ After beginning of 2016: U = 0.440 Btu/(h*ft *F)

In terms of process load regulations, the EnEV regulates only information technology
installations.

Rise Residential / Single-Family Building Energy Code
ENEV 2014
There is a different energy budget for residential projects based on baseline building
specifications; however, the implementation and verification of design processes are the same
for homes as they are for commercial buildings. In addition, energy performance certificates that
require an energy audit are required under the following circumstances:95
●
●
●

2

2

A building is open to and regularly used by the public and greater than 2,690 ft (250 m )
A building or unit is being renovated or constructed
A building or unit is being leased or sold

Once the 2014 iteration of EnEV is implemented, all buildings — regardless of their ownership
— will need to have an energy performance certificate.
94

http://aceee.org/files/proceedings/2014/data/papers/3-606.pdf
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Technical details of EnEV 2014 for residential buildings:
●

●

Maximum value of envelope-specific transmission heat loss:
2
2
○ Detached residential (no greater than 3500 ft ): U = 0.07 Btu/(h*ft *F)
2
2
○ Detached residential (greater than 3500 ft ): U = 0.088 Btu/(h*ft *F)
2
○ All other residential: U = 0.114 Btu/(h*ft *F)
Reference building envelope criteria:
2
○ Exterior wall thermal conductance: U = 0.049 Btu/(h*ft *F)
2
○ Roof thermal conductance: U = 0.035 Btu/(h*ft *F)
2
○ Fenestration thermal conductance: U = 0.229 Btu/(h*ft *F)

Air infiltration cannot exceed:
○
○
○

1.5 ACH at 50 Pa for mechanically ventilated buildings
3 ACH at 50 Pa for naturally ventilated buildings
Air sealing requirements are prescribed by the Anerkannte Regeln Der Technik and if constructed
according to the measures outlined in that document, no verification is required. Such measures
include joint sealing or construction detail guidelines. Residential code enforcement is done only
when issuing the permit, and there are rarely post-construction verifications of the envelopeʼs
airtightness, unless the home will be pursuing Passive House certification. Choosing not to pursue
96
post-construction verification will produce the same penalty as in commercial buildings.

Passive House
Frankfurt recently made Passive House certification mandatory for public buildings such as
kindergartens, schools, police stations, and other municipal building types. An alternative to this
requirement is to perform 30% better than the EnEV standard, which has made meeting this
energy reduction requirement somewhat more approachable for designers without Passive
House experience. The decision to require Passive House certification for all city-owned
buildings was the culmination and combination of several factors in Frankfurt. The first Passive
House homes were built in Frankfurt in 1995, followed by the first Passive House school in
2000. This began the trend toward Passive House-certified buildings, which was further
strengthened by incentives from Mainova (a local utilities company) and the inclusion of Passive
House criteria in construction standards.97 The past 20 years have seen a gradual progression
toward a mandate for Passive House-certified buildings. Frankfurt has begun talks on whether it
will begin to require certification for all residential new constructions.98
Since 1990, the city of Frankfurt has invested 62.8 million euros in building energy
management. This includes building system upgrades, incentives, and building costs. Against
these costs, the city of Frankfurt has also tracked the costs of the energy saved by
implementing energy-efficiency strategies, which comes to a total of 238.0 million euros. By
tracking this metric, the city has been able to justify the costs versus savings for building energy
96

http://aceee.org/files/proceedings/2014/data/papers/3-606.pdf
http://www.energy-cities.eu/db/Francfort_passivhaus_2015_en.pdf
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efficiency. Additional sources of support for building energy efficiency have come from political
support and the development of practical experience over the past 20 years.
Building designers do not particularly favor this implementation of Passive House for all
municipal building types because many commercial buildings are not well-suited for the Passive
House design criteria.99 Passive House was developed for residential applications, and only in
the past five years has it been applied to commercial projects.100 Schools, for example, benefit
from natural daylighting, which is hard to achieve with the strict envelope requirements for
Passive House. Designers are struggling to resolve the issues between the required design
criteria and the demands of building types for which the standard was not originally designed.
Although there is no published data on the actual versus the predicted energy consumption of
Passive House buildings, there has been some discussion among the design community of the
verification of performance for various space types.101 This information would help to inform the
next iteration of the Passive House mandate in Frankfurt.
Passive House certified buildings need to complete numerous calculations and documentation
forms to become certified. Design calculations include envelope thermal properties, HVAC
system design and predicted consumption, and energy source consumption (including process
energy). Planning documents, technical data sheets, and specifications are required from the
manufacturers. Verification of the EUI and envelope performance is required once the building
has been completed, in addition to HRV commissioning, photographs, and a construction
managerʼs declaration confirming that the building was constructed as designed. These
requirements are similar for the state of Hessen as well.

Building Labeling / Disclosure / Mandatory Efficiency
Programs
1.

Overview

There are three building labeling programs that are most commonly used in Frankfurt. All
buildings must provide energy performance certificates, which is a mandatory provision of EnEV
2014. Buildings can also pursue a more stringent Passive House certification or certification with
the Deutches Gesalltschaft für Nachhaltiges Bauen (DGNB), although the two systems are not
directly comparable. Municipal buildings in Frankfurt must be designed to Passive House
standards (certification is not a requirement) or demonstrate improved energy efficiency.
Energy performance certificates include the buildingʼs designed and/or measured energy
consumption, in addition to a rating based on how it performs compared to similar buildings.
99

From conversations with Atelier Ten contacts in Frankfurt involved in building energy efficiency
From conversation with Atelier Ten contacts in Frankfurt involved in the architectural design field
101
From information provided Atelier Ten contacts in Frankfurt involved in the architectural design field
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Passive House certification is administered through the Passive House Institute. DGNB
certification is similar to LEED, and is pursued through the DGNB, a nonprofit organization
similar to the U.S. Green Building Council.

Erneuebare-Energien-Warmegesetz (EEWärmeG 2014)102
The EEWärmeG 2014 was put in place to address the large amount of energy consumed for
heating, given the relative lack of renewable energy resources to provide this energy. Under this
law, 14% of heating and cooling energy must be provided by renewable sources by 2020.

Erneuerbare-Energien-Gesetzt (EEG)103
The EEG was designed to reduce costs of energy by improving energy efficiency and reducing
reliance on energy imports. This law operates under three principles, which give renewable
energy preference in grid delivery, higher costs for high users that require energy to be sourced
from nonrenewable sources, and additional energy cost and building up of the utility
infrastructure. Examples of renewable energy are combined heat and power (CHP) and
photovoltaics.

Commercial Buildings
Building performance certificates are mandatory to provide transparency with building occupants
on the energy consumption of buildings. These energy performance certificates must be
publically displayed in buildings over 5,000 ft2 after July of 2015. The certificate must show the
predicted and/or the measured energy consumption of the building (EUI), in addition to the fuel
type used and its performance compared to buildings of the same type. The certificate displays
the measured or predicted EUI on a colored scale from green (low) to red (high). The center of
the scale is the average EUI for a similar building. The certificate is valid for 10 years. Buildings
are also subject to random audits to ensure that the buildings are performing as documented.
The Deutches Gesalltschaft für Nachhaltiges Bauen (DGNB), the German equivalent of LEED,
has different certification standards for new offices, existing offices, health care facilities,
education facilities, hotels, retail, industrial, and district certifications. DGNB certification is not
mandatory, but is preferred by many clients who are pursuing a higher level of sustainability due
to its origin in Germany.

102

http://www.umweltbundesamt.de/themen/klima-energie/erneuerbare-energien/erneuerbare-energienwaermegesetz
103
http://www.erneuerbare-energien.de/EE/Redaktion/DE/Dossier/eeg.html
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Residential Buildings
Building performance certificates must be produced at the request of the auditor or customer
when selling or leasing the building. The certificates are in the same format as commercial
buildings.
Passive House and DGNB certification share similar popularity in Frankfurt, although DGNB is
generally more widespread in commercial applications and Passive House is more commonly
used in residential applications. DGNB has a number of different building type certifications that
are applicable to single-family dwellings and residential buildings. There is increased public
support and corporate responsibility associated with certifying high-rise residential buildings
under the DGNB. The Passive House standard is more widely used for residences; however,
this is still not the most popular energy-efficiency standard used for residences in Frankfurt. The
mechanical ventilation requirement in the Passive House standard dissuades some projects, as
residents would rather open windows for ventilation because the outdoor temperatures are
considered acceptable. The KfW programs are more popular due to their financial incentives
and are detailed in the following section.

Green Building Strategies
KfW Effizienzhaus/ KfW Programme104
KfW is a government-owned development bank based in Frankfurt. This bank offers numerous
financial incentives, such as virtually interest-free loans, for energy-efficiency upgrades,
renewable energy installations, and new constructions. These incentives are commonly used in
residential settings, but are also used in commercial buildings with increased popularity. The
KfW50 and KfW70 programs offer incentives to homes that have reduced their energy
consumption to only 50% or 70% of the baseline EnEV consumption. Greater incentives are
offered for greater savings. These programs have commercial building equivalents as well.

Energy Retrofits Financing105,106,107
With the current trend toward energy efficiency in Germany, many landlords and building
owners have undertaken building retrofits because the government allows 11% of the retrofit
costs to be passed on to the building tenants. While this has incentivized many building owners,
it has had some negative effects on tenants who cannot afford to have their rent increased.
104

https://www.kfw.de/inlandsfoerderung/Unternehmen/Energie-Umwelt/F%C3%B6rderprodukte/EE-Bauen-undSanieren-Unternehmen-276-277-278/#2
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Conversations with Frankfurt contacts
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http://www.spiegel.de/international/germany/german-renters-pinched-by-rising-costs-and-decreasing-supply-a875224.html
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There is a stipulation that all building tenants must agree to retrofit measures prior to
construction, but even after these agreements rents will be raised for future tenants. Tax credits
have also been discussed as an alternative incentive program, but these have not been
implemented yet.108

Verordnung uber Arbeitsstatten109 (VStaettV)
Throughout Germany there are laws in place that dictate health and well-being requirements for
German office workers. This law is called the Verordnung uber Arbeitsstatten, which translates
to Regulations of the Workplace. These laws govern the health and safety conditions of
hallways, bathrooms, office spaces, breakrooms, first-aid rooms, and equipment rooms. The
main provisions of the law include protection from tobacco smoke, emergency lighting, and the
provision of first-aid rooms and supplies. Fulfillment of these criteria is the responsibility of the
employer. One of the more interesting aspects of this code is that windows must be available to
be opened and closed by building occupants. Additionally, daylighting with glare controls must
be provided whenever possible to increase occupant health and comfort. These inclusions
highlight the heightened expectations of building performance in Germany.

Waste Management
Waste management in Germany is characterized by an increased amount of organization and
stringency. The two types of legislation that govern waste management are divided into
materials sourcing, and standards for recycling and waste disposal. Several ordinances have
been passed in an effort to reduce packaging and direct which materials industries may use for
increased recycling opportunities (The Closed Substance Cycle and Waste Management Act;
The Packaging Ordinance110). Germans must also follow strict rules when depositing their
waste. There is much emphasis on citizen behavior, as most homes and public areas have at
least four bins into which they must sort their waste. The most common categories are landfill
waste, green waste, compost, plastics, glass, and paper. [SI3]

Benchmarking
DGNB certification addresses issues of stormwater, indoor water use reductions, building
materials life-cycle analysis, daylight, and transportation. Special focus is placed on material lifecycle impacts. These issues are generally not covered by the energy codes in Frankfurt, but are
still considerations that the city addresses through other planning policies.
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Code and Regulatory Enforcement
Depending on the building type and certification being pursued, there are various levels of code
enforcement. For buildings complying with the EnEV 2014 regulation, the design team must
submit its design and calculated thermal values, EUI, and systems specifications. These are
approved for construction and then reviewed after construction. Post-construction reviews are
mostly theoretical, and only a small portion, 1%, of projects are verified in person. Passive
House buildings will require extra effort from the design and construction teams to pass reviews,
which are required only for projects pursuing Passive House certification. Blower door testing is
not required for post-construction verification of EnEV buildings; however, it is required for
buildings pursuing Passive House certification.111
Although relatively few buildings are formally inspected by code enforcers, several European
practices increase accountability in constructing buildings, according to their design. Many
European payment structures are based on bonds issued at the beginning of construction, and
a bonus is issued to the construction company after completion of the project. This means that if
the company does not deliver the desired project, it will not be paid more than the cost of
construction. It is not uncommon for this to happen if the project team does not fulfill its duties,
although European companies could not provide any statistics with confidence. Noncompliance
reports are more often written by an inspection company in Europe. These companies will be
present on the construction site to ensure that construction is being done to the proper
standards. These independent parties are more common because European developers are
generally smaller than U.S. companies and therefore will not have their own internal
inspectors.112
Standards for efficiency are set early in the project. Energy-efficiency measures (EEMs) are
calculated using software and checked once for the design by a certified third party. Energy
audits checking the building energy meters and other performance criteria are used as well,
although not always carried out under EnEV. This type of post-construction verification is used
on all Passive House buildings seeking certification, as it is mandatory to prove compliance.
EnEV has not yet instituted such standardized methods of verification. Technical specialists with
certificates are licensed to check compliance. Large commercial buildings are audited by the
government; small ones are not as commonly verified by the government.
Ensuring that buildings are performing as designed helps to reduce energy consumption over
time, as well as inform designers and contractors on the performance of their work. If buildings
are tested and it is seen that the energy performance, envelope performance, or other system
performance far exceeds the maximum code standard, the buildingʼs certification/code
compliance will be revoked.

111
112

Conversations with Frankfurt contacts involved in the architectural design field
Conversations with Turner Construction
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Training (Code, Design, Construction)
Germany, with its reputation of having a rigorously well-trained workforce, has extensive
programs and certifications for those involved in the design and construction industry. Most of
the German workforce work in small to midsize companies with fewer than 250 employees.
Training post-academia is generally provided by employers or through government incentive
associated with specific goals (in relation to EU directives, for example).

Design Community (architects and engineers)
In Germany, a member of the design community must receive an accredited degree in his or her
respective field to become a practicing professional. Most architecture degrees are categorized
as a type of engineering degree in Germany, with a focus on technical training. Likewise,
building services engineers all must have accredited university-level degrees to perform in their
respective disciplines. Architects and engineers then join their respective professional
organizations (e.g., Architektenkammer, equivalent to the AIA), which govern professional
conduct, fee structures, definition of services, and professional liability insurance. As a result,
the general level of care and expertise is fairly uniform at a high level.

Code Officials
Code officials are trained and certified through state programs. Passive House verifiers are
certified by the Passive House Institute. DGNB raters are certified by the DGNB. Certifications
for verifiers/raters include training and exams. These training programs are similar to those in
the U.S.

Construction Trades
Construction trades are often taught through “Ausbildung” (apprenticeship) programs, which
have both a theoretical and practical component. These programs are common in Germany and
are pursued by students who decide not to attend university. More than 350 professions in
Germany follow the apprenticeship model, and more than 60 percent of high school graduates
regularly participate.113 This type of educational system is quite different from that of the United
States. In the U.S., relatively few trade schools exist, and they do not offer degrees recognized
by the public. This system of dual education has historical roots in Germany, as the school
systems have been in place for many generations and have grown out of old trade organizations
or guilds.

113

Fuller, Alison, and Lorna Unwin, eds. Contemporary apprenticeship: International perspectives on an evolving
model of learning. Routledge, 2014.
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A program like this produces qualified and skilled workers through an established and
recognized path, thereby creating a culture that continually supports curriculum updates
according to industry trends. Although there is no specific research pertaining to the direct
influence the dual education system has on the construction industry in Frankfurt, contacts in
Frankfurt agree that construction companies will often hire graduates of such programs.
Students can also choose to further their education by continuing at a master school, a more
specialized school for skilled students. Once students graduate, they can start their own
workshop, firm, or business, which could lead to further innovations in the construction and
manufacturing fields.114
This type of education system could benefit the U.S. as the workforce adapts to newer
construction trends. Programs such as the ones seen in Germany could be successfully
implemented in community colleges. In this way, curricula could be coordinated according to
local labor demands and updated when necessary. This would produce a more technically upto-date workforce that could more easily adapt to standards in local governments or beyond.

Design and Construction Practices: Building
Components/Materials /Methods
In Germany, there is a strong cultural expectation of quality that is not as pervasive in the United
States. The government, for example, is expected to provide social benefits and care for the
population, just as building owners and designers are expected to provide high quality buildings
to those who will inhabit them. These benefits come at a cost. However, German citizens are
willing to invest because their expectations are high and they trust that building designers and
constructors will deliver a suitable product. As a result, residential buildings are constructed
using materials that are generally designed for better performance and higher durability. The
general trend in materials is to choose those that are designed to perform and last, rather than
materials that are inexpensive. Similar considerations are also used when building commercial
structures.
Components such as windows, doors and skylights generally have higher performing thermal
characteristics than their counterparts in the United States. These components are not
unavailable in the U.S., but are less widely available compared to those in Germany. For
example, spacers within the windows are usually made from a composite material with a higher
thermal resistance in the EU, whereas these spacers are made from aluminum or stainless steel
in the U.S. Doors and windows that meet stringent standards in the U.S. are also extremely
expensive compared to equivalent products in Germany or the EU. Energy recovery ventilation
(ERV) units function at much higher efficiencies in Germany because in order to be used in

114
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Passive House projects, they must be Passive House certified. The first certified ERV unit in the
U.S. did not reach the market until 2013.115 116
Differences in airtightness design arise with the difference in metrics that Germany uses. The air
change per hour metric used in Germany is a whole-building metric that can only be tested postconstruction through a blower door test. The air changes per hour (ACH) approach is volumetric
and can only be verified with a blower door test, carried out at a specified pressure, usually 50
Pa. The airtightness metrics used by the other peer cities is a specification for volume losses
normalized to building facade area (CFM/ft2 in U.S. units) and do not allow for a simple
comparison to EnEV or Passive House.117 This metric is easier to use for specifying componentlevel performance criteria, rather than a whole-building measurement. Neither metric is
inherently more stringent. However, based on a given buildingʼs geometry, one metric could
surpass the other in airtightness control.
One of the reasons for setting a performance-based design criterion in the EnEV and Passive
House standards is that it allows the design team a certain amount of flexibility in the design. If a
residential home would like to have a window-to-wall ratio of 60%, that would be acceptable to
code, as long as the overall u-value requirements for the envelope are met. This encourages
innovative strategies in building design to achieve code compliance.
Voluntary DGNB certification requires whole-building life-cycle analysis (LCA) using proprietary
software that has a database of materials, their associated environmental impacts, and
embodied energy. Using this database for a LCA is a mandatory prerequisite for DGNB
certification.

Design and Construction Practices: Design Practices
Two notable differences in building design that exist between New York City and Frankfurt are
the relative lack of air-based cooling systems and the construction of tenant spaces in larger
commercial buildings.
Air conditioning systems in the U.S. are mostly mechanically delivered and air-based, but these
types of systems are not culturally favored by Germans. In Germany, natural ventilation is much
preferred and is generally feasible, considering the low humidity and cooling loads across the
country. Natural ventilation also increases the human connection to the outdoors, with operable
windows giving occupants a sense of control over their environment. In larger buildings or
buildings with increased airtightness, mechanical ventilation systems and heat recovery are
becoming more and more common, but typically are designed only to meet ventilation needs.
Mechanical cooling systems in Germany are mostly hydronic in modern office settings, and
115
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most residential buildings do not have active cooling; however, there are still air-based cooling
systems in large office buildings.
The majority of tenant spaces in large commercial buildings are constructed either by the
building owner, in owner-occupied buildings, which are very common for German corporations,
or as white space. The latter method is different from a core and shell project in the U.S. in that
the German building designer plans many of the environmental systems in the tenant space.
Plumbing fixtures, HVAC, lighting, finishes, and internal walls are selected, which leaves less of
the tenant space decisions up to the tenant. This can help to reduce waste and ensure the
energy performance of a building by reducing variability due to tenant fit-outs.
Additionally, the city of Frankfurt has been pursuing energy-positive buildings that produce more
energy than they consume. This strategy would increase energy production during the summer,
when there is higher solar availability, although there might still be a demand for utilities in the
winter, making energy storage an increasingly important issue to be addressed. This issue has
begun to be addressed by Mainova, a company in which Frankfurt is a shareholder.118

Design Team Organization and Regulation
Across Germany, there is a higher level of design and construction team integration, and it is not
uncommon for a construction company to have in-house engineers — resulting in building
designs that are better coordinated. Liability is also reduced because each responsible party
has more commitment to the other. Additionally, government regulations concerning design and
construction are much tighter in Germany; therefore, when problems do arise, they can usually
be easily attributed to the responsible parties. Clarity in the design is also achieved because
German and EU code regulations will govern many more of the specifications for a given
building through common norms and standards.
The same standards for residential/commercial property apply in terms of how to deliver building
projects. In recent years, Public Private Partnerships (PPP) have gained popularity in Germany.
and Germany has enacted laws such as the PPP Acceleration Act to facilitate these projects.
The government has decided to pursue an increased number of PPP projects so that it can
choose to support project teams that have clear plans for how they will increase the
sustainability of their project designs. This also places increased pressure and offers additional
incentives for the design and construction industries to implement energy efficiency and
sustainability goals in their projects. For typical commercial projects and smaller, privately
owned projects, the traditional design-bid-build project organization remains standard.119,120
Generally in Germany, PPP projects require higher fees, have higher overall first costs and
there have been issues with coordination similar to the PPP delivery process in the U.S. It is
118

https://www.mainova.de/unternehmen/presse/13072.html
http://www.un.org/esa/agenda21/natlinfo/countr/germany/eco.htm
120
http://www.unece.org/fileadmin/DAM/ceci/ppt_presentations/2008/ppp/Moscow/muller.pdf
119
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unclear whether the PPP process in Germany has delivered greater value through long-term
building operational savings, and there have been numerous parties, including architects,
engineers, and contractors, who have spoken out in opposition to PPP projects.121
PPP projects are funded through joint public and private funding; however, traditional designbid-build projects are funded through banks and private funding. Incentives for solar panels,
energy reductions, and particularly for existing building renovations are available to projects in
Frankfurt. Tax credits and improved loan rates are being investigated by the government for
implementation in projects pursuing energy-efficiency improvements, but are not yet used in
practice.

Anerkannte Regeln der Technik (Generally Recognized Codes of Practice)
Germany has developed a body of knowledge known as the Approved Rules of Technology
(ART) that tracks the performance of building design solutions. This information database
documents the success and failure of different technical solutions, equipment, and assumptions
that are either written into the code, or being considered for adoption into the code. By collecting
data on in situ performance, the ART helps determine the efficacy of current building
regulations, allowing adjustments to be made to future provisions. The ART serves as a
regulated platform to discuss how regulations work in practice, which in turn helps create better
regulations. A major benefit of this is that customers can expect that all building types have
functional, state-of-the-art technologies as a result of this body of knowledge. It also serves as a
benchmark if there is a dispute.

Lessons Learned and Potential Incentives for NYC
●

●

●

●

121

Similar to London and the UK, Frankfurt and Germany have created explicit long-term climate goals that are
incorporated into the building codes that measure one metric. These goals are developed in conjunction with
larger-scale environmental goals and are therefore supported by surrounding policies. New York City should
consider setting long-term goals that are supported with surrounding legislation. This could be difficult given
the political structure of New York City, but should be pursued when possible.
By simplifying the energy code with a unified metric, such as Source EUI, Frankfurt has been able to more
easily measure and track energy-use reductions on a large scale. New York City could benefit from setting
such a unified metric to meet the current 80 by 50 goal. This could accompany a target and maximum or
minimum criteria values to guide designs.
Frankfurtʼs requirement for all municipal buildings to be designed to Passive House standards is one of the
most aggressive implementations of a benchmarking system on a larger scale. Based on the potential
impact that this could have in New York City, this type of requirement should be assessed for applicability.
One area where New York City is particularly lacking is in quantitative data that measures building
performance and tracks the success of green building strategies and technology. Frankfurtʼs Anerkannte
Regeln der Technik is a useful guide that includes case studies and data similar to that which could benefit
New York City. Developing a similar body of knowledge would help to justify or further advance green
building goals.

http://www.zeit.de/2012/44/Kommunen-Oeffentlich-Private-Patenschaften/komplettansicht
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Construction education in Germany is much more formal in Germany, which can give workers a
greater sense of pride in their work and also create more technical workers. New York City
might model community college training after the shared practical and theoretical aspects of
German apprenticeship programs. New York City has a strong education system that could
incorporate such new programs.
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7. SINGAPORE
Context: Climate
Singapore is characterized by a climate with no distinctive seasons, nearly uniform
temperatures, high humidity, and abundant rainfall. This type of climate is categorized as
tropical rainforest or equatorial (Köppen climate classification). Temperatures usually range from
72 to 95 °F (22 to 35 °C). The unique, near-constant climate is a strong driver of building design
practices and energy code regulations in Singapore. The Singaporean building code (Green
Mark) does not have any provisions for heating, as most buildings do not install heating
systems. The code does, however, have extensive provisions for cooling systems and
ventilation.
Metric

NYC

Singapore

Annual Heating Degree Days

4,555

0

Annual Cooling Degree Days

1,259

6,430

ASHRAE Climate Zone

4

1

Annual Precipitation

42.1 in.

84.7 in.

Total Annual Incident Solar Radiation

123 kWh/ft

99.6% Heating Design Temperature (DB)

13.9 ˚F

74 ˚F

0.4% Cooling Design Temperature (DB/WB)

92 ˚F / 74 ˚F

92 ˚F / 80 ˚F

2

64 kWh/ft

2

Singapore is a tropical climate located 85 miles north of the equator that has no space heating
demands at any point throughout the year. Cooling and dehumidification are required year
round. In comparison, NYC is a mixed climate that has significant seasonal climate variation,
making these two cities vastly different in terms of climate.

Context: Cultural Context
Established in 1819, Singapore consists of one large island and 60 smaller islets covering a
total area of 277.3mi2 (718.3km2). The city-state is a major commercial hub with a GDP of $298
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billion. It ranks as the fourth largest financial center in the world, as well as being heavily
involved in product manufacturing and shipping. The city is home to about 5.5 million people
and is governed by a parliamentary system. Singapore is unique in that there is only one level of
government, unlike all the other peer cities. This fosters a culture where government and
business are closely interdependent, because most of the influential business entities or
institutions are state owned. As a young country, Singapore is looking to continue the strong
growth as a global leader it has enjoyed in the last decade. This creates a sense of common
purpose between business and government leaders that has led to strong leadership in the area
of sustainability.
Due to the small size of the land that comprises Singapore, various generations of buildings are
interspersed among one another. However, as a very young city, the majority of the cityʼs
buildings were built in the past 50 years, and the number of older legacy buildings is minor.
Architectural styles range from colonial (during British rule) to post-modern, to Brutalist style.
Developments have also had to expand vertically to accommodate the population, increasing
the number of high-rise residential and commercial projects. 81.9% of families live in Housing
Development Board apartments, which are government-subsidized public housing
developments.122 Most high-rise, residential construction projects are subsidized by the Housing
Development Board, as well as apartment buying, leasing, and selling. Singapore, therefore,
has a great deal of control over its building stock and its real estate market. The Singaporean
government plays a very large role in the management of real estate in the country. This is done
to control the price of housing to ensure that the majority of citizens are able to afford living in
Singapore. As a result, the Singaporean government also exerts much control over the
construction and development of existing and new buildings. This makes it easier to update
building codes and pursue building code updates that might be more difficult otherwise.123
Singapore has the reputation of being the Garden City of Asia, hence greening (via planting and
vegetation) the city, streets, and buildings is common and culturally well received in Singapore.
However, the general population in Singapore does not have a strong connection to the real
natural environment. As a result, environmental agendas must be pushed from the top by the
government and rarely come from the population itself. Compared to the other peer cities, there
is less desire to implement energy efficiency or other environmental goals. Despite this, the
Singaporean government has realized that energy efficiency is an important issue, which they
have chosen to pursue through legislation.
The Singaporean government has set a goal to retrofit 80% of its building stock by 2030 with
energy-efficiency measures to reduce its dependence on foreign energy sources and maintain
its position as a global business competitor. Singaporeʼs Building and Construction Authority
has developed green building incentive programs that include, with their financial provisions: the
$100 million Green Mark Incentive Scheme for Existing Buildings (GMIS-EB); the Green Mark
Gross Floor Area (GM GFA) Incentive Scheme; the $5 million Green Mark Incentive Scheme for
122
123

http://www.hdb.gov.sg/
http://www.hdb.gov.sg/cs/infoweb/engerysave
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Design Prototype; the Building Retrofit Energy Efficiency Financing (BREEF) Scheme; the $15
million Sustainable Construction Capability Development Fund; and a $5 million Innovation
Grant (iGrant). The availability of incentive funding has helped Singapore improve the energy
efficiency of almost 30% of its building stock through retrofits of existing buildings.124,125

Energy Codes
The minimum energy-efficiency requirements for new and existing buildings in Singapore are
embedded in the Green Mark rating system. The Green Mark rating system is both an energy
code and a green building certification system that was started by Singaporeʼs Building
Construction Authority in 2005. There have been several revisions to the residential and nonresidential systems since their introduction in 2005. These systems are both now on their fourth
version, meaning that they have been updated approximately every other year. Newer systems,
such as health care and restaurants, are in their first issuance, as they are the most recently
created systems. The provisions in Green Mark are similar to a prescriptive code that addresses
not only energy efficiency, but also water efficiency, environmental protection, indoor
environmental quality, and other green features.
The various certification levels of Green Mark are Certified, Gold, GoldPlus, and Platinum. The
energy requirements of the Green Mark rating system are specific to the unique climate of
Singapore and are limited in scope. Buildings certified as Green Mark are required to achieve a
minimum of 50 points in the Green Mark system to meet the minimum requirements. Of those
50 points, 30 are related to energy efficiency, and the remaining 20 are related to the other four
categories. However, planning codes now require buildings in certain pre-defined districts to
meet a higher level of performance: GoldPlus or Platinum certification.126
Singapore aims to have 80% of new and existing buildings Green Mark-certified by 2030 for
projects situated in strategic districts in the city, thereby progressively “greening” its building
stock. Additionally, higher Green Mark certification levels are required for certain areas of the
city. Mandatory energy management is required for large consumers of energy in Singapore.127
The compliance requirements for commercial and residential energy performance are
prescriptive on projects seeking anything other than a Green Mark Platinum rating. Projects
pursuing the highest level of certification (Platinum) are required to use simulation software to
document the performance of the required natural-ventilation strategies.

124

http://www.seedengr.com/documents/Financing%20Mechanisms%20to%20Accelerate%20EnergyEfficient%20Retrofits%20for%20Existing%20Buildings.pdf
125
http://www.asiagreenbuildings.com/singapore-green-building-funding-greener-country/
126
https://www.bca.gov.sg/GreenMark/green_mark_criteria.html
127
http://www.bca.gov.sg/GreenMark/others/3rd_Green_Building_Masterplan.pdf
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Commercial / High-Rise Residential Building Energy Code 128
The following 10 strategies are the energy-efficiency requirements for non-residential or largescale building developments, of which 30 total points must be achieved to demonstrate
minimum compliance:
1.

2.
3.
4.
5.
6.
7.
8.
9.

2

Envelope Thermal Transfer Value (ETTV) (35 points) – Envelope may not exceed an ETTV of 50 W/m ;
west-facing walls must have a U-value of 0.35 Btu/sf*F or lower, and roofs must have a U-value of 0.264
Btu/sf*F or lower, depending on the construction weight
Cooling Systems (30 points) – Achieve minimum efficiency for cooling systems in kW/RT based on
estimated building cooling loads
Natural Ventilation (20 points) – Points are earned based on the percentage of rooms with north or south
operable windows, or increases in efficiency for mechanical ventilation systems
Daylighting (6 points) – At least 75% of units meet the minimum daylight illuminance levels with more points
awarded for greater daylight penetration depth
Artificial Lighting (12 points) – Points awarded for every percentage decrease in lighting power budget
Ventilation in car parks (4 points) – Points awarded for natural ventilation or demand control ventilation. This
is considered a process load-reduction strategy.
Ventilation in Common Areas (5 points) – Points awarded for natural ventilation or efficient mechanical
ventilation systems
Elevators (2 points) – Use elevators with AC variable voltage and variable frequency motor drive and sleepmode features. This is considered a process load-reduction strategy.
Energy-Efficiency Features (12 points) – Use of vertical greenery system on east and west façades of the
building to reduce heat gain, use of products that have been approved by local certification body, or
computation of energy consumption based on design load in the form of an energy-efficiency index (EEI)

10. Renewable Energy (20 points) – Points awarded based on percent reductions to the EEI

Low-Rise Residential / Single Family Building Energy Code 129
Residential developments have slightly different credit weightings for the same categories
detailed in the previous section. However, the basic methodology remains the same across
Green Mark rating schemes, and a minimum of 30 points must be earned from the energyefficiency category to demonstrate minimum code compliance. Ventilation in common areas is
excluded from this rating system.
1.
2.

3.
4.

128
129

Residential Envelope Transmittance Value (RETV) (15 points) – Envelope may not exceed an RETV of 25
2
2
2
W/m ; Green Mark Gold: 22 W/m ; Green Mark Platinum: 20 W/m
Cooling Systems and Natural Ventilation (22 points) – Option 1: Use of ventilation simulation modeling.
Option 2: Use of energy-efficient air-conditioners that are certified under the Singapore Energy Labelling
Scheme.
Daylighting (6 points) – At least 75% of units meet the minimum daylight illuminance levels, with more points
awarded for greater daylight-penetration depth
Artificial Lighting (10 points) – Points awarded for every percentage decrease in lighting power budget

https://www.bca.gov.sg/GreenMark/others/gm_nonresi_v4.1_rev.pdf
https://www.bca.gov.sg/GreenMark/others/gm_resi_v4.1_R.pdf
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5.
6.
7.

8.

Ventilation in car parks (6 points) – Points awarded for natural ventilation or demand control ventilation. This
is considered a process load-reduction strategy.
Elevators (1 points) – Use elevators with AC variable voltage and variable frequency motor drive and sleep
mode features. This is considered a process load-reduction strategy.
Energy-Efficiency Features (7 points) – Use of vertical greenery system on the east and west façades of
building to reduce heat gain, use of products that have been approved by local certification body, or
computation of energy consumption based on design load in the form of energy-efficiency index (EEI)
Renewable Energy (20 points) – Points awarded based on percent reductions to the EEI

Building Labeling / Disclosure / Mandatory Efficiency
Programs
The main efficiency standard used in Singapore is the Green Mark rating system. This system
functions as both a minimum code and a benchmarking system, similar to LEED, with other
environmental protection provisions. Because the Green Mark code is so comprehensive, there
are few other mandatory efficiency programs.
The majority of commonly used labeling and efficiency programs relate to building size. One
unique reporting mechanism that Singapore has developed is the Mandatory Energy
Benchmarking system, in which all existing buildings must participate. In Singapore, little
distinction exists between commercial building and residential building energy reporting.

Mandatory Energy Benchmarking
Existing hotel, office and retail buildings larger than 15,000 square meters are required to submit
energy performance data on an annual basis. Singapore has set up a Web portal system called
the Building Energy Submission System, so that data can be submitted and tracked online. This
system is intended to facilitate energy-consumption tracking and help building owners and
operators become more aware of building energy use. Informational tools are provided through
the portal to aid the reporting process. The main metric tracked in this reporting is the site
building energy use intensity (EUI) because it is most readily available through monthly utility
bills. Tracked system consumptions include air conditioning systems and electricity.130

Mandatory Minimum Environmental Standards
Upon the installation or replacement of a mechanical cooling system in an existing building
greater than 16,150 ft2 (15,000m2), the building is required to comply with the Green Mark
standard. This applies to both residential and non-residential buildings. By 2020, 5% of peak
energy demand must be offset by solar PV generation.

130

http://www.bca.gov.sg/EnvSusLegislation/Existing_Building_Legislation.html
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Mandatory Energy Auditing of Cooling Systems
All existing buildings greater than 16,150 ft2 (15,000m2) are required to perform an energy audit
every three years documenting the performance of the buildingʼs mechanical cooling system.
The energy auditor must verify that the building meets the minimum criteria set forth by Green
Mark.131

Green Building Strategies
Green Mark Rating Scheme
Green Mark is a green building rating system focused on the unique challenges facing buildings
in tropical climates. All new residential and non-residential buildings are required to meet the
minimum requirements of the Green Mark rating system, which includes a minimum of 20 points
from categories other than energy efficiency. The standard has minimum requirements for
water, indoor environmental quality, and environmental protection performance in addition to the
previously described energy portions.
Water efficiency, environmental protection, indoor environmental quality, and other green
features cover the same basic categories as LEED. Water-efficient landscaping, meters, cooling
towers, and irrigation systems are part of the water-efficiency credits. The environmental
protection category covers issues such as construction waste management, low-impact
materials, heat-island effect, recycling, stormwater, refrigerants, and alternative transportation.
Although the topics covered are very similar to those in LEED, the requirements in Green Mark
are slightly less detailed and less stringent. Indoor environmental quality includes thermal
comfort, indoor noise levels, pollutant control, and interior lighting. Thermal comfort standards in
Green Mark aim for an indoor air temperature of 75-79 degrees Fahrenheit at a relative humidity
of 65%. American standards are generally lower than this (70-75 degrees Fahrenheit at 50%
relative humidity), which underscores the climatic and cultural differences in Singapore.

Potable Water Consumption
Singapore is one of the foremost leaders in potable water reuse and reductions. Due to political
factors surrounding the importation of potable water, Singapore constructed extensive
blackwater treatment facilities throughout the city and branded this reused water as “NEWater.”
Singapore also set a goal to reduce domestic water consumption to 140L of potable water (37
gallons) per person per day by 2020. Consumption per person in 2012 was 153.4L (40 U.S.

131

http://www.bca.gov.sg/Envsuslegislation/others/GM_Certification_Std2012.pdf
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gallons).132 By comparison, NYC consumed nearly 126 gallons of potable water per person per
day in 2009.133

Occupant Behavior Education134
The BCA Building Energy Benchmarking Report of 2014 (BCA BEBR 2014) identified office
buildings as the main energy-consuming program type in Singapore, while also reporting that
48% of office building energy was consumed by tenants. To encourage building occupants to
save energy, BCA launched several Green Mark Schemes targeted toward office, supermarket,
retail, and data center tenants. Green leasing has been one of the main strategies for reducing
tenant consumption, but implementation of this tactic must come from the building owner. BCA
will be investigating future methods to reduce tenant consumption through education and
encouragement of cultural shifts.

Code and Regulatory Enforcement
Code enforcement is overseen by the Building and Construction Authority of Singapore, which
also develops and maintains the Green Mark rating system. The Construction Authority is a
well-established organization with experienced, professional staff members that perform all of
the assessments in-house. Project reviews for compliance are very extensive and are
completed during the design phase. During construction, the emphasis is on building
commissioning as the mechanism to ensure that building systems are installed and operating as
intended. The unilateral structure of the Singaporean building code allows for streamlined and
efficient enforcement.
Singapore benefits from being a small country with a strong central government in terms of
regulation enforcement. The government has more control over the existing and developing
building stock than NYC does, with fewer levels of government involved in design and
construction. For these reasons, regulation and code enforcement is relatively more
straightforward and streamlined. There are few, if any, government regulations that contradict
one another.

Training (Code, Design, Construction)
The vast majority of training for code officials and construction trades is coordinated through the
Building Construction Authority in Singapore. This is the highest level of government control
over training among the peer cities, which is not surprising given the size and government

132

http://www.bloomberg.com/news/articles/2012-07-29/singapore-to-meet-water-target-before-deadline-southeastasia
133
http://www.nyc.gov/html/dep/html/drinking_water/droughthist.shtml
134
http://www.bca.gov.sg/ /others/BCA_BEBR_Abridged_FA.pdf
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structure of Singapore. Design professionals are trained through an academic setting and then
through on-the-job experience, similar to the way it is done in the United States and Europe.

Design Community (Architects and Engineers)
Professional engineers and architects licensed in Singapore are required to invest in continuing
education credits to maintain their licensure. The licensing requirements are similar to those in
the United States and the United Kingdom. International professional qualifications and
charterships are mostly not recognized in Singapore, but international designers and engineers
are welcome to obtain Singapore professional licenses.
The movement toward building information modeling (BIM) has created the need for additional
education among the design community in Singapore. A BIM mandate by the government
requires BIM to be used on all projects by 2016. Design professionals in Singapore have noticed
a lack of versatility in software for early-stage designs, and report that universal adoption of BIM
will most likely come in 2020, not 2016.135

Code Officials
The Building and Construction Authority established four levels of certification to help train
certified professionals capable of implementing the Green Mark Scheme. These certification
levels differentiate Singapore from the structure of other peer citiesʼ code reviewers.
●
●
●
●

Certified Green Mark Manager (GMM): A competent professional with the skills to participate in the design
process, encourage an integrated design, and facilitate the Green Mark Certification
Green Mark Professional (GMP): A competent professional with the skills to implement detailed design
enhancements to improve building performance for Green Mark Certification
Green Mark Facilities Manager (GMFM): A competent professional with the skills that would enable him or
her to operate buildings in a sustainable way
Green Mark Facilities Professional (GMFP): A competent professional with the skills to carry out detailed
evaluations of energy-efficiency retrofit and optimization in existing buildings

Trades
In the mid- and late 2000s, Singapore experienced an influx of foreign workers from neighboring
countries who took many unskilled labor jobs in Singapore because few such workers lived in
the country. In 2012, the government placed caps and limitations on the number of foreign
workers allowed to work in Singapore, which heavily affected the construction industry. The
Building Construction Authority then announced its Construction Productivity Road Map, which
aimed to raise productivity within the construction trade. Part of this plan was the Multi-Skilling
Scheme, which was designed to train construction workers so they would be experienced in
more than one skill. This was intended to reduce the fines that businesses employing foreign
135

From conversations with Atelier Ten Singapore contacts, based on professional experience
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workers must pay. This plan educated workers; however, it does not have applicable energyefficiency provisions. Aside from this program, most workers in Singapore are trained through
the Ministry of Manpower, or they are trained on-site.136,137,138

Design and Construction Practices: Building
Components/Materials /Methods
High-performance building design in Singapore tends to focus on installing efficient cooling
systems and systems to shade the façade that will reduce solar gain in interior zones. Concrete,
steel, and ready-mix concrete continue to be a popular materials in Singapore, and other
construction materials rarely deviate from standard practice materials in the United States.139
Despite this, the average building development in Singapore is not built with building systemsʼ
integration in mind. The public does not expect buildings with good environmental design,
including a balance of daylight, thermal comfort, and low energy-cost air conditioning systems.
This tends to lead to buildings being constructed that meet only the basic code-compliance
criteria. Installing split systems in each office or individual room is still standard practice. The
lack of public interest in improving basic building systems is a significant barrier to Singaporeʼs
improving its building stockʼs energy efficiency. Tenants would rather adjust their behavior to the
building, rather than the inverse. Tenants pay their own utility bills; therefore, to save money
they will simply turn off their air conditioning units when they do not want to pay for the
energy.140
Important façade performance strategies such as reducing infiltration and high-performance
glazing are not seen as necessary in Singapore. This is mainly due to the fact that the
differential temperature between indoors and outdoors in Singapore is generally only 10-15 °F.
Unlike the heating scenario in NYC, where an incoming cold draught can be instantly felt, air
leakage from air-conditioned occupied space in Singapore does not noticeably affect thermal
comfort. Air-conditioning exfiltration does not necessarily relate to higher energy bills, according
to building operators. However, it is common to see air-conditioning systems running while office
and shop windows and doors are wide open, since occupants feel there needs to be a
connection between indoor and outdoor environments. This scenario has a large impact on
building energy consumption and is highly inefficient.
Fenestration systems in Singapore are often specified as single pane glass rather than double
pane, due to the negligible impact of thermally improved fenestration. Residential projects in
Singapore are mostly high-rise residential, and these projects often want to produce their
buildings in as little time as possible, just meeting the required sustainability criteria. Apartments
136

http://sbr.com.sg/building-engineering/commentary/future-singapore%E2%80%99s-construction-industry
http://www.bca.gov.sg/MultiSkilling/MultiSkill_Main.html
138
http://www.bca.gov.sg/newsroom/others/pr03032011_CPA.pdf
139
http://www.bca.gov.sg/keyconstructioninfo/others/free_stats.pdf
140
From conversations with Atelier Ten Singapore contacts, based on professional experience
137
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tend to be individually metered, and the cost of an inefficient split system will be reflected in the
occupierʼs utility bills. Less-affluent occupants will switch off air-conditioning units and will
instead bear the heat when thermal comfort cannot be achieved in a cost-efficient manner. As in
the commercial sector, split-system air conditioning units are most commonly used.

Design and Construction Practices: Design Practices
Singaporeʼs real estate development is driven by close relationships between clients and
architects. Often an architect will work with one client for a prolonged period of time because of
a developed professional relationship. Additionally, there is little collaboration between the
architects and engineers on a given building project, which leads to less-integrated building
systems and innovative design systems. There are relatively few options for air conditioning
systems in Singapore, as split systems are the preferred method, and projects will often not
consider district heating energy or cooling systems, or other, more efficient systems. There are
familiar standard design formulas that will produce a cost-efficient and minimum code-compliant
building design, and therefore it is also difficult to persuade building developers to pay for
environmental measures that go above and beyond code.
Building design and construction are viewed from a business-oriented perspective that does not
invest as much thought into high-performance design as a country like Germany, for example,
does. The public does not demand extremely high-performing buildings, since people are used
to adjusting their lifestyles to adapt to their buildings. Therefore, the industry does not deliver
high-performance housing. It is mainly due to the governmentʼs mandate that most sustainability
initiatives are carried out.
Because the Singaporean government has placed increased importance on virtual design and
BIM, more professionals have begun using 3D modeling programs for early-stage design, as
well as for producing construction documents. In upcoming years, the design community is
expected to incorporate more 3D BIM practices into design and construction workflows.141

Lessons Learned and Potential Initiatives for NYC
●

●

141

Singapore has created a very simple and straightforward approach for energy and green building
regulations. The Green Mark Scheme is a single document that covers all of the principles of sustainable
design and has regulations for both residential and commercial buildings. The simplicity of their approach
eliminates conflicting and overlapping regulations that create inefficiency and confusion. Additionally, codecompliance regulation and code verifications are much more straightforward as a consequence of the simple
code.
Although the Singaporean geopolitical and climatic conditions are vastly different from those of New York
City, their unilateral approach to energy-efficiency planning is effective and could be emulated in New York
City. If city goals and laws were strengthened, developers, architects, and contractors would have to comply.

From conversations with Atelier Ten Singapore contacts, based on professional experience
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●

●

This must be done with proper training and enforcement, but as Singapore illustrates, it can be effective. As
New York City plans for code improvements, it should consider strengthening its position on goal setting and
enforcement.
Singapore has set in place a plan to have 80% of new and existing buildings Green Mark certified to green
their building stock by 2030. The plan includes districts requiring different levels of Green Mark certification.
Based on the resources available in different districts in New York City, a similar plan of action could be
implemented. With Local Law 84 already in place, New York City could incrementally upgrade the
performance of its building stock by creating performance zones, as Singapore has.
Building Information Modeling (BIM) has been a successful tool to aid communication between the design
and construction disciplines in Singapore. Such technologies could be required for New York City projects to
aid project team members in collaborating and in communicating about potential design or construction
conflicts.
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8. SYDNEY
Climate
Sydney has a temperate climate that requires little heating or cooling. The climate in Sydney is
categorized as oceanic (Köppen climate classification), similar to London and Frankfurt;
however, its increased solar exposure causes temperatures to be much more mild. Droughts
have become more frequent in Australia, although when storms do occur, they are heavy.
Metric

NYC

Sydney

Annual Heating Degree Days

4,555

1,245

Annual Cooling Degree Days

1,259

1,140

ASHRAE Climate Zone

4

3

Annual Precipitation

42.1 in.

43.5 in.

Total Annual Incident Solar Radiation

123 kWh/ft

99.6% Heating Design Temperature (DB)

13.9 ˚F

43 ˚F

0.4% Cooling Design Temperature (DB/WB)

92 ˚F / 74 ˚F

91 ˚F / 67 ˚F

2

135 kWh/ft

2

Sydney is mild compared to NYC due to its oceanic climate. Seasonal swings are less
pronounced in Sydney than in NYC, and Sydney is usually sunnier and warmer. The Australian
energy code (Part J) is similar to Title 24 in its treatment of solar exposure. An aggregate airconditioning energy value may not exceed maximum values attributable to glazing, according to
the glazing orientation and building class. This is the only code that controls glazing allowances
by their attributable cooling load.

Cultural Context
Australia is considered a constitutional democracy that currently operates largely as a two-party
system, similar to the United States. Australia has six states, of which New South Wales is the
most populous. Sydney is the capital of NSW, with a metropolitan area of around 4.5 million
people. This population is expected to grow to more than 8 million people by 2060.
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Approximately one-third of the population is foreign-born, making it culturally diverse. Metro
Sydney is made up of 38 local government areas that are loosely grouped into either the inner
suburbs or the outer suburbs. The city of Sydney is one of the local government areas within the
inner suburb, and it has a population of 180,000.
Metro Sydney has an annual GDP of $337 billion dollars and is considered one of the Pacificʼs
leading financial hubs. The city of Sydney is estimated to contribute $100 billion to the local
economy, which is roughly 30% of the Sydney metropolitan economy. Construction is the third
largest employer in Australia, with jobs predicted to reach 1.09 million by 2019.142
In 2012, Sydney had an estimated 376 million square feet (35 million square meters) of internal
floor space in a total of 26,148 buildings. Residential space accounted for the largest fraction of
floor area at 26.6%, followed by commercial office space at 23%; parking (13.1%) and common
areas (12.7%) round out the four largest space types. Itʼs a big step down to the fifth and sixth
largest types, with shops and showrooms (2.8%), and restaurants (2.0%).143 The City of Sydney
has the highest residential density in Australia, with an average of 128.5 people per acre due in
large part to a trend of gentrification starting in the 1990s that continues today. Billions of dollars
are being spent on mixed-use urban renewal in areas such as Green Square and Barangaroo.
Construction and skilled trades are among the jobs with the highest demand, according to
Manpower Australiaʼs list of jobs.144
The city of Sydney is one of the C40 Cities Climate Leadership Group, which compels the local
government to sponsor innovative programs to prevent climate change. Climate change will
have a significant impact on Australiaʼs freshwater availability and tourism from the Great
Barrier Reef. Both drought and ocean acidification have the potential to significantly affect the
economy in Australia.145
The Australian government works closely with the state and local governments to address
building energy efficiency in the following ways:
●
●
●
●
●
●
142
143

Establish the minimum efficiency requirements for new construction and major refurbishment through the
National Construction Code
Develop the National Australian Built Environment Rating System (NABERS) to rate the greenhouse gas
performance and energy efficiency of buildings using a zero- to six-star scale
Manage the commercial building disclosure program, which requires energy ratings for all large commercial
office buildings upon sale or lease
Establish minimum efficiency requirements for appliances and equipment
Promote green leases in the private commercial sector
Set strategic direction for improving the energy efficiency of HVAC systems countrywide

http://www.nsi.tafensw.edu.au/CareersAndLearningPathways/IndustryAreas/Building/Default.aspx

http://www.cityofsydney.nsw.gov.au/learn/research-and-statistics/surveying-our-community/floor-space-and-employmentsurvey/2012-fes-overview-and-summary-reports
144
Source: IBIS World; Manpower.com.au; joboutlook.gov.au
145

http://www.cityofsydney.nsw.gov.au/vision/sustainable-sydney-2030/strategic-directions/a-globally-competitive-and-innovative-

city
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Due to the political structure in Sydney, certain policies are subject to being overturned each
time a new party takes office. One example of this is the carbon tax that was implemented in
2012 and repealed in 2014.146 Another program, the Renewable Energy Target, is a widely
supported federal policy that is unlikely to be repealed due to bipartisan support. Certain
building regulations, such as the National Construction Code, are produced by a professional
body that is industry-led and therefore unlikely to change significantly in various political
climates. In Sydney, the environmental programs related to building energy efficiency are
generally supported by the population and less likely to change dramatically.
There are several programs intended to specifically target the funding of energy-efficient
buildings in Australia, which include the Clean Energy Finance Corporation. This corporation
facilitates funding from banks, private investors, and the government through loans and project
qualifications financing. There are also several programs available to help finance solar PV
installations.147

Energy Codes
The Building Code of Australia (BCA) was developed in 1988 and was merged with several
other codes to form the National Construction Code (NCC) in 2008.148 The NCC is a national
standard developed by the Australian Building Codes Board (ABCB) and applies to all cities
throughout Australia. Currently, the code applies only to new construction and major renovations
of existing buildings. In some cases, the code may apply when an existing building changes use
type, but this is generally at the discretion of the local consent authority.
The minimum energy code requirements in Australia are embedded in the National Building
Code of Australia Section J. These represent the minimum building energy-efficiency
requirements that must be met by buildings in all Australian states. State and local governments
can adopt more stringent requirements through state regulations and local planning
requirements.
Section J of the NCC addresses energy efficiency for both residential and commercial buildings.
The stated goal of Section J is the reduction of greenhouse gas emissions from buildings. The
main method of reducing GHG emissions from an energy-efficiency perspective will be to
reduce cooling loads, and this is the predominant method in Section J. This is substantially
different from ASHRAE standard 90.1 and the IECC, which base efficiency requirements on
cost-effectiveness.

146

http://www.theguardian.com/world/2014/jul/17/carbon-tax-repealed-a-short-timeline-of-australias-long-debateabout-emissions-trading
147
http://www.cleanenergyfinancecorp.com.au/energy-efficiency/buildings.aspx
148
https://services.abcb.gov.au/NCCOnline/Publications/2015
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From a high level, Section J is a less aggressive energy code than ASHRAE 90.1. This does not
mean that Section J is not an effective building energy-efficiency code, but its requirements are
less stringent than those of ASHRAE 90.1. Additionally, implementation and verification of code
compliance is not as successful in Australia as it is in the United States. Knowledge and
understanding of Section J is, on average, less widespread than in the United States, which
contributes to poorer implementation of code.
It is important to understand that the NCC designates 10 building types for purposes of code
compliance. There are four building types focused on residential buildings, five on commercial
buildings, and one for uninhabitable buildings. The 10 types listed in the NCC are:

●
●
●
●
●
●
●
●
●
●

Class Descriptions
C1: Class 1a: a single detached house, or one of a group of two or more attached dwellings; Class 1b:
boarding houses, guest houses, or hostels with a total area not exceeding 300 square meters
C2: A multifamily residential building or a building containing two or more sole-occupancy units, each being
a separate dwelling A multifamily residential building
C3: A residential building other than a Class 1 or Class 2 building, including residential parts of a hotel or
motel, a school, a health-care building, or a detention center
C4: A dwelling in a building that is Class 5, 6, 7, 8, or 9, if it is the only dwelling in the building
C5: An office building
C6: A retail building
C7: Class 7a: parking lot or garage; Class 7b: a place used for storage, or display of goods or produce for
sale at wholesale
C8: A laboratory or a building in which a handicraft or process for production occurs
C9: Class 9a: health-care building; Class 9b: an assembly building, including a trade workshop or a
laboratory in a school; Class 9c: senior citizen housing
C10: A nonhabitable building or structure, including Class 10a: such as a private garage, carport, or shed;
Class 10b: such as a fence, mast, retaining or free-standing wall, or swimming pool

The basis for energy efficiency to be included in the construction code began in 2000, and
Section J became an official part of the BCA in January 2003. The requirements were phased in
in stages, with Class 1 and 10 buildings (single-family residential) added in 2003, Class 2
(multifamily), Class 3 (motel/hotel), and Class 4 (other residential) added in 2005, and finally
Classes 5-9 added in 2006. In 2008, Section J in the BCA became part of the NCC. The
provisions of the NCC are updated on an annual basis, and the stringency of the energyefficiency requirements was increased in 2006 and again in 2010.
The energy efficiency of building Classes 2-9 are addressed in Volume 1 of the NCC, and
building Classes 1 and 10 are addressed in Volume 2. For the purposes of this report, Classes
2-9 requirements are discussed under the Commercial/High-Rise Residential section, and Class
1 and Class 10 buildings under the Low-Rise Residential section heading.
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Commercial/High-Rise Residential Buildings
Section J in Volume 1 of the NCC covers the energy efficiency of Building Classes 2–9 and is
organized into the following eight parts, representing the different categories of buildingperformance provisions:
•
•
•
•
•
•
•
•

Section J1 – Building Fabric
Section J2 – External Glazing
Section J3 – Building Sealing
Section J4 – Air Movement
Section J5 – Air-Conditioning and Ventilation Systems
Section J6 – Artificial Lighting and Power
Section J7 – Hot Water Supply
Section J8 – Access for Maintenance

Section J uses different language to describe the requirements of the code, which may be
confusing to a reader familiar with ASHRAE Standard 90.1. Section J refers to the mandatory or
prescriptive requirements as performance requirements. It is mandatory for buildings to
demonstrate compliance with the performance provisions.

Methods of Compliance
Each of the performance categories outlines the requirements that are “deemed to satisfy”
(DTS). Meeting the DTS requirements requires providing evidence of suitability to satisfy the
compliance requirements of Section J. This is comparable to meeting the prescriptive
requirements of ASHRAE 90.1 baseline compliance.
If it is unfeasible to meet the DTS provisions using evidence of suitability, Section J allows three
alternate assessment methods.
1. Verification Method – The approved verification method is a whole-building simulation
approach that compares the annual energy use of the proposed design against the appropriate
reference building meeting all the DTS Provisions. This methodology is similar to the baseline
and proposed design system in ASHRAE 90.1. The most common approach is to use the
National Australian Built Environment Rating System (NABERS) software tool. This method
cannot be used for Class 2 or Class 4 buildings.
2. Comparison with the DTS provisions – This method is a comparative approach that allows
an alternative solution to demonstrate equal stringency to the DTS provision in question. This
method can be approved only by the local Building Control Authority.
3. Expert Judgment – This method requires a scientific or engineering expert to document and
certify that a proposed design exceeds the intended performance of the DTS provision. This
method can be approved only by the local Building Control Authority.
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Performance Requirements
This section highlights some of the key performance provisions of Section J.
Section J1 – Building Fabric: Section J1 addresses the envelope of Class 2-9 buildings including
roofs, walls, and floors.
Roofs: Insulation R-value requirements vary based on the reflectivity of the roof surface. Higher
absorbance of the roof results in higher insulation R-value requirements. The range of insulation
required is from R-18 to R-24 (h-ft2-°F/BTU).
Walls: The insulation requirement for walls is to have a total R-value of R15.9 (h-ft2-°F/BTU).
Credits in the form of reduced R-value requirements are given for: high-mass walls, south-facing
(north in NYC) walls, and walls with external shading projections.
Floors: There is no insulation requirement for ground slabs unless they are heated.
Section J2 – Fenestration: The performance of fenestration must be evaluated on an area basis
at each level of the building, including the mezzanine if present in the building. An aggregate airconditioning energy value may not exceed maximum values attributable to glazing, according to
the glazingʼs orientation and building class. This aggregate air-conditioning energy value is
calculated using the glazingʼs solar heat gain coefficient, window area exposed to conditioned
space, U-value, orientation, heating/shading multiplier, and cooling/shading multiplier. Heating
and cooling shading multipliers are unrelated to shading coefficients, and instead add weight to
glazing features that will affect heating or cooling based on orientation, climate zone, and
building type. This approach is fundamentally different from the prescriptive fenestration
assembly requirements in ASHRAE 90.1, making any comparisons of stringency difficult.
Section J3 – Building Sealing: Section J does not mandate a continuous air barrier, but does
specify best-practice methods of air-sealing for various building elements, including roofs,
chimneys, windows, doors, fans, walls, floors, and evaporative coolers. There is no requirement
for measured air-leakage testing to demonstrate compliance.
Section J4 – This section is left blank in the latest versions. It was previously called “Air
Movement” and dealt with topics such as ventilation openings, air-movement efficiency, and
ceiling fans. This content is now covered in different chapters in Section J.149
Section J5 – Air-Conditioning and Ventilation Systems: This part of Section J is most like
ASHRAE 90.1, Section 6, Mechanical, and describes the performance requirements of air
conditioning and ventilation systems, including minimum equipment performance, controls, and
pipe/duct insulation. Existing systems are not required to comply with these requirements unless
they are being replaced.

149

http://www.ecocertificates.com.au/bca-section-j/bca-section-j-structure.php
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Section J6 – Artificial Lighting and Power: This part of Section J is most like Section 9 Lighting
of ASHRAE 90.1 and describes the performance requirements of interior lighting systems. The
design lighting power allowance is calculated similar to the ASHRAE Space-by-Space method.
The current lighting power limits are generally more stringent than the requirements of ASHRAE
90.1-2010. In Class 2 and Class 4 buildings, the residential unit lighting power allowance cannot
exceed 0.5 W/sq.ft. This is much more stringent than ASHRAE 90.1, which does not regulate
residential lighting.
Section J7 – Hot Water Supply: This section applies to the equipment and systems that
produce, distribute, and use hot water. This includes space heating, service water heating,
pools, and spas. Generally, the requirements are similar to ASHRAE 90.1 in terms of stringency
with one exception. Section J requires that energy used for space heating use fuels that have a
greenhouse gas intensity no greater than 100g Co2-e/MJ of thermal energy load (this prevents
the use of coal as a boiler fuel), use on-site renewable sources, or use reclaimed energy from
another process.
Section J8 – Access for Maintenance and Facilities for Monitoring: This section describes the
mandatory access that must be granted to facilities and maintenance staff to adequately monitor
and adjust building system functions. These systems include external shading, sensing devices,
thermostats, heat transfer equipment, air conditioning equipment, and other HVAC equipment.

Low-Rise Residential
Although Section J Volume 2 applies to residential building types, in New South Wales there are
energy-efficiency codes that supersede the NCC Section J criteria. These codes include the
State Environmental Planning Policy Number 65 (SEPP 65) and the Building Sustainability
Index (BASIX). In general, these two policies do not contradict one another, but in the case of
thermal comfort, mechanical services, equipment, fittings, and passive solar design, the BASIX
requirements must be achieved over the SEPP 65 requirements due to increased stringency.150

State Environmental Planning Policy Number 65 (SEPP 65)
SEPP 65 is the residential design standard that is specifically designed for NSW and is
predominantly used in NSW only for small residential projects. Although SEPP 65 is not code,
but rather a set of design guidelines, it is has been adopted in NSW as the residential code. The
energy-efficiency provisions for this code are mostly principles of passive design. These include
maximizing thermal mass, reducing southern window exposures and increasing the thermal
resistance of other building envelope components. Mechanical systems should be designed to
target only rooms that need conditioning, and the roof should be made ready to accommodate
solar PV arrays. Equipment and lighting efficiency requirements are also covered in this set of
guidelines.
150

http://www.basix.nsw.gov.au/basixcms/about-basix/basix-assessment.html
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Natural ventilation is heavily emphasized by SEPP 65, which has encouraged double-exposure
fenestration designs in many new apartments. Balconies are often installed to create space for
more windows by increasing the exterior wall area. Additionally, SEPP 65 requires that all
bedrooms have windows, which has influenced the layouts of new residential projects.
Additional provisions for water efficiency, maintenance, and waste management are included in
SEPP 65 to address Sydneyʼs specific criteria in these categories. These provisions will be
detailed in Section E of this report.151

Building Sustainability Index (BASIX)
The Building Sustainability Index (BASIX) is the online assessment tool used by development
applicants to make sure new homes and multiunit developments meet the NSW government's
targets for reducing energy and water use in new residential dwellings by 40%. Designers and
owners may enter their design criteria into the BASIX assessment tool prior to construction to
apply for certification. BASIX certification is required for all new residential projects in NSW
before development can be approved by the local certifying authority. Post-construction, before
an occupancy certificate is issued, a building certifier will verify that all BASIX commitments
have been installed on the project.
BASIX analyzes residential building data entered by the user (usually the building designer),
calculating a specific building score that is then compared against the government's energy and
water targets. Only after a design performs better than government targets can it earn a BASIX
certificate. BASIX was developed by the NSW Department of Planning in association with other
government agencies, local government, and utilities.

Building Labeling / Disclosure / Mandatory Efficiency
Programs
Policies to reduce greenhouse gas emissions, improve energy efficiency, and require disclosure
are mandated at all three levels of government: nationally, at the state level, and locally. There
is a wide array of programs available to commercial buildings, as well as residential; these are
detailed below.

Commercial Buildings
National Australian Built Environment Ratings System (NABERS)152,153

151

http://www.planning.nsw.gov.au/~/media/Files/DPE/Manuals-and-guides/residential-flat-design-code-200202.ashx
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The National Australian Built Environment Ratings System (NABERS) is a performance-based
environmental impact rating system for existing commercial buildings. NABERS ratings can
cover energy, water, waste, and the indoor environment, and they are available for offices,
hotels, residential housing, and retail establishments.
The rating not only reflects the way energy is managed but also how efficiently the building is
designed. The benchmark allows comparison with the greenhouse gas performance of other
buildings. The NABERS Energy rating can be used to measure building energy efficiency for
energy code compliance, as it is nationally recognizable and is relatively simple compared to
some other methods. NABERS Energy measures the actual performance of a building, meaning
it measures how it is used in normal operations rather than relying on estimates of the design
features of the building.
NABERS was originally developed in 1998 as a tool to rate the energy efficiency of office
buildings. NABERS ratings are currently being developed for NSW schools and hospitals to help
expand the scope of the tool.
A NABERS rating takes into account the consumption of electricity, natural gas, and other
energy sources that relate to greenhouse gas emissions. Improvements in NABERS ratings
directly correlate with reductions in greenhouse gas emissions. On average, an improvement of
one NABERS ENERGY STAR equates to a decrease in greenhouse gas emissions of more
than 15 percent.
The NABERS tool uses 12 months of actual utility data as the basis for determining a building's
star rating after accounting for certain operational factors. A building or tenancy can earn
anywhere from zero to six stars in half-star increments; six stars represents exceptional
greenhouse performance and energy savings. Star ratings can be awarded for the whole
building, base building (central services), or tenancy.

Commercial Building Disclosure (CBD)154
Commercial Building Disclosure (CBD) is a national program designed to improve the energy
efficiency of Australiaʼs large office buildings; it is being managed by the Australian Government
Department of Climate Change and Energy Efficiency.
The CBD program was developed by the Australian state and territory governments under the
National Strategy on Energy Efficiency. The program requires the disclosure of an up-to-date
Building Energy Efficiency Certificate (BEEC) by sellers or lessors of office space greater than
152

http://www.nabers.gov.au/public/WebPages/ContentStandard.aspx?module=10&template=3&id=5&include=HowNab
ersWorks.htm&side=factsheets.htm
153
http://www.industry.gov.au/Energy/EnergyEfficiency/Non-residentialBuildings/Pages/NABERS.aspx
154
http://www.cbd.gov.au/overview-of-the-program/what-is-cbd
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2,000 square meters prior to any sale, lease, or sublease of that space. Any advertisement for
the space must also include the NABERS ENERGY STAR score. BEEC disclosure has been
required since November 2010; the certificates are valid for up to 12 months and must be
available through the online Building Energy Efficiency Register. Certificates must include:
•
•
•

An ENERGY STAR NABERS rating for the building
A tenancy lighting analysis in the area of the building being sold or leased
A general energy-efficiency guidance

The requirement for building energy disclosure has transformed the commercial real estate
market in Sydney. Ten years ago, the average NABERS rating of commercial buildings was 11.5 stars. Today, large developers are reporting building portfolios with average NABERS
ratings of 5.0-5.5 stars. Tenants looking for Class A office space are looking for a minimum
rating of 5-5.5 stars. Some developers are even pursuing 6-star ratings, the highest NABERS
rating, to secure the high-end tenants. The demand for spaces with higher NABER ratings has
pushed the Class B commercial office marketplace to begin pursuing energy retrofits to remain
competitive. Government tenants are required to lease space with a minimum 4.5 star rating.
Commercial developers want government tenants because they occupy almost 30% of available
office space, and this is also helping drive significant improvements in energy efficiency.

NSW Energy Savings Scheme155
The Energy Savings Scheme establishes financial incentives for organizations as a way to
encourage projects that reduce electricity consumption through the installation of more efficient
systems and equipment.
The Energy Savings Scheme is governed by NSW legislation and places a mandatory
obligation on electricity suppliers (Liable Entities) to obtain and surrender energy-savings
certificates. These certificates represent energy savings and are generated as energy-saving
projects are implemented. The Office of Environment and Heritage and the Department of Trade
and Investment, Regional Infrastructure and Services are responsible for the development of
this policy.
The policy has been in place since 2009, and 2010 was the first full year of operations. In 2013,
the program helped produce electricity savings of 1,206,574 MWh, which was equal to 2% of
the energy use in NSW. The popularity of the program had caused a 60% drop in the price of
the energy savings certificates by the end of 2013, which is projected to slightly reduce the rate
of savings over the next five to seven years.

NSW Government Resource Efficiency Policy156

155
156

http://www.ess.nsw.gov.au/How_the_scheme_works
http://www.environment.nsw.gov.au/resources/government/140567NSWGREP.pdf
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Approved in July 2014, this policy aims to address resource efficiency in three areas — energy,
water, and waste — with the goal of making sure NSW meets the goals of NSW 2021: A Plan to
Make NSW Number One. This policy streamlines reporting requirements and replaces the
previous NSW Government Sustainability Policy. Some of the key features described in the
policy include:
●

●
●

●

●

All government building sites will undertake energy-efficiency projects at sites representing 90% of their
billed energy use by the end of 2023–24, with an interim target of 55% for health and 40% for other clusters
157
by the end of 2017–18.
2
All office buildings owned by the NSW Government with a net lettable area of over 2,000 m will achieve
158
and maintain a NABERS Energy whole-building rating of at least 4.5 stars by June 2017.
New government-purchased electrical equipment must meet or exceed an average rating under the
Greenhouse and Energy Minimum Standards (GEMS). In categories where no star ratings are available,
equipment purchased should be recognized as high-efficiency either by being ENERGY STAR-accredited or
159
in a high-efficiency band under Australian Standards.
A NABERS energy performance score of at least 4.5 must be achieved by all new government office
buildings and tenancy fit-outs. For other building types with construction costs over $10 million, all new
designs must demonstrate 10% energy savings compared to the minimum requirements of the National
160
Construction Code.
Purchase a minimum of 6% GreenPower.

Sustainable Sydney 2030161
The Sustainable Sydney 2030 plan aims to reduce Sydneyʼs carbon emissions by 70% by 2030
using a variety of strategies. These strategies include trigeneration, a renewable energy master
plan, energy-efficient exterior city lighting, a solar panel project, existing building retrofits, and
educational building energy-efficiency programs. Trigeneration is often not implemented
properly or at all, so this strategy has received a bad reputation in Sydney, in part due to energy
rates and the relatively inexpensive rate of electricity. Annual progress and planning reports are
published for residential, commercial, and district projects.

Residential Buildings
NatHERS
The Nationwide House Energy Rating Scheme (NatHERS) is a national framework that
regulates the thermal performance ratings of Australian homes. A star rating from zero to 10 is
used to describe the efficiency of both new and existing home designs. The planning of retrofits
or improvements to home designs can be informed by the NatHERS rating process as a way to
help homeowners understand the range of available options.
157

http://www.environment.nsw.gov.au/resources/government/140567NSWGREP.pdf
http://www.environment.nsw.gov.au/resources/government/140567NSWGREP.pdf
159
http://www.environment.nsw.gov.au/resources/government/140567NSWGREP.pdf
160
http://www.environment.nsw.gov.au/resources/government/140567NSWGREP.pdf
161
http://www.sydney2030.com.au/
158
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NatHERS uses specially accredited software to calculate the star ratings. The software
simulates expected conditions based on a number of factors, including climate zone,
occupancy, and size of the home. This allows for a fair comparison of ratings across the
Australian housing stock. Anyone may use the NatHERS software but only an accredited
NatHERS consultant can prepare a final credible rating.

Green Building Strategies
NSW Government Resource Efficiency Policy
All government-owned and leased office buildings with a net rentable area of over 20,000 ft2
must achieve at least a four-star whole-building NABERS water rating. All NSW government
agencies will report on their top three waste streams by total volume and by total cost. Diverting
waste from landfill delivers savings of at least $120 per ton in the Sydney Metropolitan Area.

Better Buildings Partnership
The top 20 Sydney commercial building property owners all participate in the Better Buildings
Partnership as a way to work collaboratively to improve the sustainability of commercial and
public sector buildings. The partnership is a voluntary effort with the goals of:
•
•
•
•
•

Helping facilitate the achievement of Sustainable Sydney 2030 goals
Improving the energy, water, and waste efficiency of buildings in the cityʼs Local Government Area
Facilitating the rollout of, and connection to green infrastructure, of systems such as the proposed trigeneration and recycled water networks
Engaging with regulators and governments on key environmental policy and regulatory issues
Championing and promoting the objectives and outcomes of the Better Buildings Partnership and
Sustainable Sydney 2030 to the wider community and relevant stakeholders.

At the end of 2013, the partnership had 11 members reporting on 94 buildings representing 26
million square feet (2.5 million m2) of rentable area. The results showed a 7.5% reduction in
emissions compared to 2012 and a 24% reduction in emissions compared to the 2006 baseline.
On average, BBP buildings had 58% lower greenhouse gas emissions intensity than the market
average. The success of this partnership is due in large part to the fact that its members have
figured out that by working together they can exert greater control over the marketplace and
better manage the outcome.

Strata Schemes
Over 50 years ago, Australia implemented the Strata Scheme, which allows for shared
ownership of common areas and individual ownership of individual units. This has been a
successful means of property management in large-scale residential and commercial
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developments, but can be applied to buildings with as few as two units. Strata can apply to
commercial, residential, or mixed-use buildings. The strata owner is the person or corporation
owning a unit within the registered complex. These owners form a corporation that is then
responsible for the maintenance, insurance, finances, documentation, and dispute mediation for
the strata. The ownersʼ corporation collects a fee from each unitʼs owner when each tenant
moves into the building and uses these funds to provide services. The corporation will also have
a designated manager or leader.162,163
The strata in Australia are similar to the housing cooperatives in New York City. However, in
New York City, occupants buy a share of the company that owns the building and are then
entitled to live in a designated unit. Occupants are expected to pay for building maintenance and
taxes, and participate in building board meetings. Additional tax incentives are available in New
York City, but Australia does not have these incentives available.
One issue that Sydney has seen with the Strata Schemes is that they are somewhat inhibitive of
the implementation of district energy systems. This has been a problem with the cityʼs
Sustainable Sydney 2030 program, as this program heavily promotes the use of tri-generation
or district energy systems. Implementing district energy systems is not incompatible with Strata
Scheme law; however, it does require extra effort from the owner or developer to implement
such systems.

Code Enforcement
Code compliance and enforcement in Sydney is all done at the local level by the Building
Approvals Unit, which is authorized to act as the principal certifying authority.
Documentation demonstrating compliance with Section J of the NCC is required when a
Construction Certificate Application is made and is required to be prepared by a professional
engineer. This is true for both commercial and residential projects. The NCC performancebased code is extremely flexible in terms of compliance requirements, and projects are allowed
to submit alternate methods of compliance for approval by the local jurisdictions. The City of
Sydney does not have any specific requirements for post-construction inspections to verify
compliance of energy-efficiency features.
Residential energy code compliance is required using either the NatHERS rating system or a
BASIX certificate. NatHERS ratings are required to be done by an accredited rating
professional. NSW also has a requirement that assessors be accredited in order to put an
energy rating into a BASIX report.
There is currently controversy in Australia over what many consider an endemic problem of

162
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https://www.stratacommunity.org.au/understandingstrata/what-is-strata
https://www.stratacommunity.org.au/understandingstrata/strata-owners
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noncompliance in the residential construction market. It is unclear how pervasive
noncompliance with the residential energy code is in the city of Sydney. Although compliance
calculations are required to be done by an accredited assessor, there is often very little followup once a certificate has been printed to verify that it is accurate. On the other side of the
debate, many feel that the NatHERS requirements have raised the bar across the board and
that, although not perfect, the rating system does achieve what it sets out to do, which is to
reduce the greenhouse gas emissions of buildings.

Training (Code, Design, Construction)
In general, energy code training is ad hoc and sponsored by nonprofits engaged in promoting
high-performance buildings. Training is usually done by code experts or energy consultants.
The training programs are inconsistent, and there is no regular source of funding to sustain
training programs.
Strata buildings can participate in the Start Blocks program to aid them in petitioning for building
energy-efficiency measures. The Smart Blocks program is a management and collaboration tool
that educates strata owners and residents about how they can introduce projects to their strata.
The online platform includes documents explaining how to propose, collect information, and
quantify the impacts of potential building retrofits. This program was motivated by the increasing
number of apartment and strata residents, in conjunction with increased pressure to reduce
building energy consumption. It has launched in several C40 cities in Australia, including
Sydney. In New York City, cooperative housing could benefit from a similar program because
the governing structures of strata and cooperatives are similar.164

Design Community (Architects and Engineers)
Engineering design professionals must be registered by the National Engineering Registration
Board after demonstrating competency in an area of practice. There is not a specific registration
area for energy efficiency, which would fall under either the Mechanical Engineering or the
Building Services Engineering practice areas. To maintain their registration, engineers are
required to invest in continuing professional development credits on an annual basis.
Architects are required to register through the Architects Accreditation Council of Australia and
meet the requirements of NSW. Architects must pass a National Program of Assessment and
complete the AACA Architectural Practice Examination.

164

http://www.c40.org/blog_posts/new-national-program-aims-to-enhance-energy-efficiency-of-australian-apartmentbuildings
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Code Officials
Certified energy-performance assessors must attend training programs provided by the
government authorities overseeing the rating systems. For example, a NatHERS assessor is
required to obtain a Certificate IV in NatHERS Assessment (the certificate applicable to building
assessors) from a registered training organization (RTO). Other NatHERS certificates cover
topics such as carpentry in relation to building efficiency. This recent requirement is
controversial because it requires all assessors to recertify under and obtain a Certificate IV
regardless of their previous level of experience. Before being accredited, a NABERS assessor is
required to attend an online introductory training class and a two-day advanced training class,
as well as perform and pass two supervised ratings.

Construction Trades
The construction trades in Australia are heavily unionized, perhaps more so than in the United
States. Major builders will use unions on their projects, and in general there is less of a cost
difference between using unionized and nonunionized workers due to the high minimum wages
in Australia.
Labor unions do provide some education on construction practices. However, in Australia there
is a more common practice of on-site construction training coordinated by the construction
company itself. This training can cover sustainability to increase the companyʼs value to clients,
but union education rarely focuses on environmental construction practices. This type of
education is driven by the clientsʼ demands and contractors, and not by the unions themselves.
Builders will often have some type of native community outreach as well.
Other training for the construction trades is primarily administered through the NSW Technical
and Further Education Commission, known as TAFE NSW. Australia's vocational education and
training programs are heavily subsidized, with 50% of funding provided at the state level, 25% at
the federal level, and 25% through tuition and fees. Vocational training covers six levels of
achievement: four certification levels, diploma, and advanced diplomas. Australia has widely
recognized that a strong vocational training network is vital to economic stability in Australia.
Construction trades also receive some training through the Better Buildings Partnership, which
promotes sustainability goals through a partnership of property owners. These property owners
then share their knowledge through the partner network, and it gradually becomes part of
industry practice. Because such a large amount of real estate is controlled by relatively few
property owners, once policies are adopted by those institutions, changes are made in the
industry much faster than in the United States.
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Design and Construction Practices: Building
Components/Materials/Methods
Concrete is the most commonly used construction material in Sydney, due to the limited amount
of steel and wood in Australia. Steel is sometimes used in projects, but the steel sourced in
Australia must be shipped to China for manufacturing to meet quality standards. Façade
performance in Sydney lags behind that of the U.S. and Europe, which is partially due to the
mild climate and less importance being placed on the envelope as a result. Thermal breaks are
almost unheard of in Sydney, and it is not a relevant design strategy.
In terms of thermal comfort strategies and systems, operable windows are required for all
residential homes to encourage natural ventilation; however, cooling systems are limited mainly
to split systems with one air conditioning system per unit. VRF systems have become
increasingly popular in Sydney as well. Heat pumps and fan coil systems are sometimes used
on projects with aspirations for high performance.
Construction practices in residential construction are generally focused on providing the
minimum level of performance. Projects are allowed to provide laminated glass rather than
insulated double pane IGUʼs because of the performance-based energy code that allows tradeoffs between fenestration performance and other building systems.
Single-family residential is generally wood-framed with the minimum amount of insulation
required to meet the energy code. The energy code requires that thermal breaks be installed
anytime metal framing is used and requires proper installation of insulation to achieve the
required thermal conductance through the walls and roof. As previously mentioned, there is
much controversy surrounding the rigor with which the residential energy code is enforced.

Air Barriers
The NCC Section J does not have a requirement for a continuous air barrier in buildings. It is
required that air leakage be reduced through the proper sealing of openings in the building
envelope. The code specifically addresses proper air sealing of chimneys and flues, roof lights,
exhaust fans, gaps around exterior windows and doors, and joints in exterior walls and roofs.
There are no requirements for mandatory air-leakage testing in the energy code.

Design and Construction Practices: Design Practices
Project delivery, planning, and government regulation have a significant effect on building
energy performance in Sydney. The design-bid-build delivery method constitutes the vast
majority of projects, and as such there is often much information loss and redesign once the
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project is passed from design to construction. This leads to less efficient designs because
details are finalized later in the project delivery cycle.
Many larger development firms are also construction firms in Australia. For projects designed
and constructed under these circumstances, the integration of development and construction
management provides unique opportunities for innovation. These types of projects are generally
able to address construction cost risks in a more integrated way.
Building developers choose to pursue sustainability goals mainly to attract high-end clients with
aggressive corporate sustainability responsibilities and to meet government mandates. Some of
the highest performing buildings in Sydney were designed with wealthy clients in mind, which
underlies the general sentiment in Sydney that sustainability is costly and mostly for high-end
clients.
An average of 70% of rentable floor area in Sydney is controlled by about 20 developers. The
state government has control of the majority of energy-efficiency standards, while at the local
level the planning committees have control only over the size and location of projects. As a
result, the Sydney planning office can offer only increased floor area incentives to projects that
choose to design high-performance buildings.
On a higher level of energy-efficient design, the Australian government has invested in
significant research and development for district energy systems and peak-demand shifting. The
Australian government has tried to implement cogeneration and tri-generation systems in the
past, without success. Additionally, the utilities companies in Australia are midway through a
renewal period, during which time they will restructure rates and delivery methods. This, in
addition to the Strata Scheme barriers mentioned previously, is proving to be a barrier toward
peak-demand shifting programs in Sydney.

Lessons Learned and Potential Initiatives for NYC
●

●

●

Sydney has experienced success with its mandatory commercial building labeling and disclosure program:
Commercial Building Disclosure. Such programs have the potential to incentivize the voluntary retrofit of
existing buildings as developers seek to attract tenants in a competitive marketplace. The requirement for all
government office space to achieve a minimum energy performance rating further drives the market for
voluntary retrofits of existing buildings. New York City has begun to implement similar policies, and taking
Sydney as an example, this program should be strengthened and continued.
Better Buildings Partnership has been very successful in Sydney due to the low number of property owners
and the amount of real estate each controls. This type of business-oriented, voluntary program could be
successful in New York City as more businesses and real estate owners begin to make sustainability
pledges. New York City should consider gauging interest in this type of program and follow the lead of the
Better Buildings Partnership in terms of energy-efficiency criteria.
Sydneyʼs use of the NABERS asset rating system is a simple and effective tool that the city uses to rate the
actual performance of buildings. The ratings of buildings in Sydney have dramatically increased over the
past decade, indicating that the availability of performance data has influenced building designs. New York
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City should consider implementing a straightforward asset rating scheme to educate building owners and
operators on their actual performance.

Because larger design firms will also have construction services, projects managed and
designed by these firms will often have more energy-efficient projects. There are also unions in
Australia, as in New York City, and other aspects of the construction industry in Australia are
similar to those in NYC. If a more integrated model of project delivery has experienced success
in Sydney, it is possible that such a strategy should be encouraged in NYC. Although integrated
design-construction firms are less common in NYC, encouraging the disciplines to work together
early in the design process could be facilitated by the city.
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9. Summary of Trends
Introduction

This section compiles data on the individual peer cities to identify trends, commonalities, and
useful initiatives or achievements that have taken place with regard to energy efficiency. New
York City may be in the forefront of city-scale sustainability efforts; however, some peer cities
can claim equal momentum, and it is wise to look to them for new and alternative approaches.
While the comparison of the cities in our earlier sections did not allow for many quantitative
conclusions, we found both commonalities and contrasts among the best practices implemented
across the peer cities. This section summarizes these findings with respect to energy codes,
energy-efficiency practices, materials and components, methods and education, design
practices, and green building policies. To keep the discussion brief, we refer back to the
narrative sections on each city whenever possible, and present specific lessons for New York
City in the following section.

Cross-City Comparisons

We found little existing, publically available data that would permit quantitative comparisons of
energy efficiency, energy-use targets or permissible thresholds, or other readily comparable
items across the peer cities. Ongoing efforts to develop and publish reliable data sets that
permit comparisons across cities, regions, and countries will be one of the most important
factors in the rational improvement of environmental policies.
Greenhouse gas emissions data is available for the peer cities, four of which are members of
the C40 project. However, the data is of variable quality and not always consistent. For
example, the cities have used various reporting methodologies, the building space types and
industrial processes have not been controlled for, and the overall climate and fuel mixes vary
greatly among the cities. Additionally, cities have updated their emissions inventories at random
intervals, making progress more difficult to see across the peer cities. The table below
summarizes the situation, and shows that except for Sydney, the cities are broadly similar in
their levels of emissions.
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Country/city
Sydney

1.
2.
3.
4.

5.

GHG emission (tCO2e/capita)
Problematic data

Frankfurt

9.81

London

5.32

San Francisco

6.73

Singapore

10.64

New York City

5.75

http://www.frankfurt-greencity.de/en/environment-frankfurt/climate-protection-and-energy-supply/reducingco2-emissions/ ; http://www.citypopulation.de/php/germany-admin.php?adm2id=06412
http://data.london.gov.uk/dataset/leggi2012 ; https://www.theccc.org.uk/wp-content/uploads/2013/06/CCCProg-Rep_Chap3_singles_web_1.pdf
http://www.sfenvironment.org/sites/default/files/fliers/files/icf_verificationmemo_2012sfecommunityinventor
y_2015-01-21.pdf ; http://www.sfenvironment.org/climate-change/downloads
http://cait.wri.org/historical/Country%20GHG%20Emissions?indicator[]=Total%20GHG%20Emissions%20
Excluding%20LandUse%20Change%20and%20Forestry&indicator[]=Total%20GHG%20Emissions%20Including%20LandUse%20Change%20and%20Forestry&year[]=2012&country[]=Singapore&act[]=Singapore&chartType=ge
o ; http://www.singstat.gov.sg/docs/default-source/default-documentlibrary/publications/publications_and_papers/reference/yearbook_2015/excel/topic3.xls
http://www.nyc.gov/html/planyc/downloads/pdf/NYC_GHG_Inventory_2014.pdf ;
http://www.nyc.gov/html/dcp/html/census/popcur.shtml

Code Development
There are several important differences in the way codes are developed across the peer cities.
The main difference is in which entity is held responsible for the development of codes and how
the code development process either supports or negates other environmental policies.
New York Cityʼs energy code is based largely on national consensus energy standards
(ASHRAE 90.1 and the International Energy Conservation Code). These standards are
developed by professional organizations with criteria that are deemed both cost effective and in
support of general goals for efficiency improvements. The codes are basically prescriptive,
although a “performance path” option allows one to demonstrate compliance through
simulations showing that the annual energy cost for the building will not exceed that of a
comparable building meeting all prescriptive requirements. The use of energy cost as the metric
for demonstrating compliance has its roots in the history of energy code development in the
U.S., which was severely constrained by fears that expenditures would be required that would
not achieve reasonable payback periods.
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The highest-performing peer cities, London, Frankfurt, and San Francisco, have a different
approach, in that code development is more directly tied to explicit environmental policy goals.
In these peer cities, codes are developed by national or state regulatory agencies, and the
development is driven by the carbon and energy reduction policy in place at higher levels of the
national or state government. This has resulted in codes that use source energy (Frankfurt),
carbon (London), or site energy (San Francisco) as the only performance metric. In London and
San Francisco, the code requires some minimum equipment and component performance
criteria in addition to overall building performance targets, but is largely based on performance
simulations. Frankfurt has prescriptive requirements only for the reference building; however,
there are no prescriptive requirements for the proposed design building. While aspects of the
codesʼ structures are similar, the development intent is different, and in cases where the metrics
have changed over time, as in London and Frankfurt, this change has mainly been to align
energy codes with long-term policy goals. (See pages 26, 42, and 59).

It is unclear the extent to which the cost effectiveness of more stringent energy code
requirements have been studied by the oversight bodies of the peer cities. However, it was clear
that construction cost is equally as important in the peer cities as it is in New York. Innovative
strategies such as aerogels, phase-change materials, and chromatic glass solutions are just as
uncommon in cities with aggressive energy goals as in New York. This is partly due to their high
installed cost. Despite the ambitious energy and carbon reduction goals in those cities, solutions
are still driven by first cost, though project team experience with technology and conflicting
design goals also play a role. Peer experts shared their view that while materials for higherperforming buildings are globally available, regulatory and marketplace demands drive cost.

In New York City, carbon policy has been established at the city level and not the state or
national level, which makes it difficult to align the cost metric of a national consensus-based
energy code with the focus of local carbon policy. The cityʼs Green Codes Task Force
(February, 2010) proposed piecemeal improvements to the energy code that would have made
it consistent with the then-current goal of “30 by 30.” However, now that the city has adopted “80
by 50” as its emissions target, the alignment of codes with that target seems unlikely without a
more holistic approach.

One notable city that has approached building energy code development from a different
perspective is Singapore. This peer city, by default of being a city-state, has developed its own
energy code and combined it with other environmental initiatives into one comprehensive
energy and environmental code. While not as stringent as codes in some of the leading peer
cities, it provides an example for how such a policy can be established at a city level. However,
one needs to keep Singaporeʼs unique political structure in mind when looking at this as a
precedent for New York City. (See page 74)
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Approach to Codes
For all peer cities, the energy code describes the minimum performance requirements for the
building envelope, lighting, and heating and cooling systems. However, the trend in the peer
cities is to move toward setting aggressive, whole-building performance goals that exceed these
minimum performance requirements. The whole-building compliance targets exceed what can
be achieved prescriptively and are aligned with meeting aggressive greenhouse gas emission
reductions. This approach encourages or requires the use of simulation-based compliance and
moves away from the use of prescriptive compliance paths. In these cases, the energy code
establishes the performance of a reference building against which a proposed design is
compared. Building designs are required to demonstrate reduced energy performance
compared to this reference case. This approach allows building designers to be flexible and
innovative in their solutions.

For example, in London there is no requirement to install systems or assemblies more stringent
than those required by the national Part L, but to meet the whole-building carbon reduction
goals, project teams must analyze and implement higher-performing materials and system
designs. Requirements in Frankfurt and San Francisco are similar. (See pages 31, 45, and 60).
This shift toward performance-based code compliance recognizes that there is a limit to the
level of building performance that can be achieved with prescriptive codes without imposing
overly restrictive limits on how buildings are designed (see discussion on page 14).

In the United States, innovative approaches to codes have several names, such as “top-down,”
“outcome-based,” and “stretch code”. Top-down codes start with energy or emission standards
for buildings, optimally tied to established overall goals for total emissions or energy use limits,
which can be lowered over time in a predictable way that will contribute to meeting those goals.
Top-down codes are still design-based, and buildings are certified based solely on wholebuilding energy performance simulation results. Outcome-based codes require measurement
and verification after the building is in use, and none have been adopted as yet, although
Seattle is attempting to implement such a code.

The term stretch code is more general, and for the remainder of Sections 10 and 11 the term will
describe an approach to code compliance that requires projects to exceed the performance of a
baseline reference design by a certain percentage, as in Cambridge, Massachusetts. It is
important to recognize that the implementation of a stretch code differs from city to city. The
Section 11 discussion of stretch codes will explore some of the pros and cons of their adoption
in New York City.

Unlike the previously mentioned peer cities, the stringency of the New York City energy code is
driven primarily by its prescriptive requirements. An alternate performance-based compliance
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path (Chapter 11 of ASHRAE 90.1) allows projects the ability to compare whole-building energy
costs against a prescriptive baseline case, so, the stringency of the performance path is directly
tied to the prescriptive requirements. As these requirements increase in stringency, the
performance criteria that the building must meet become more stringent as well, and as a result,
changes to the prescriptive requirements are vigorously contested (for example, in recent
discussions of changing prescriptive window-to-wall ratios in ASHRAE 90.1). The performance
path is complex and lacks standardized tools and methods, so smaller projects tend to follow
the prescriptive path.

Some municipalities have requirements that specific classes of buildings be built or operated to
more stringent standards than are applied to all other buildings. We will refer to these as “above
code” requirements, which are different from “stretch code” requirements in that they do not
apply to all buildings and do not specifically require a percentage reduction in energy use. Local
Law 86, which mandates LEED certification for most city-funded projects, is the only precedent
in New York City for “above code” regulation.

As mentioned above, Singapore is a unique case in this category as it was the last of the peer
cities to adopt an energy code and recognized the importance of prescribing green building
practices beyond just energy performance. The minimum energy performance in buildings is
integrated into a broader “green building” code that addresses water, indoor air quality,
materials, and site selection. This streamlined approach to code development eliminates the
chance for any conflicting codes and creates a code that is easy for building designers to
understand. (See page 76)

Mandatory and Prescriptive Requirements

As in New York City, each of the peer cities has a prescriptive baseline representing the
minimum performance criteria for the building envelope, lighting, fenestration, heating systems,
and cooling systems. In Sydney and Singapore, the majority of buildings demonstrate only
minimum compliance with these prescriptive requirements. It is more common for buildings in
London, Frankfurt, and San Francisco to have above-code designs due to increased local
requirements, high-level policy goals, and cultural expectations. (Pages 78, 82, and 92)

Some of the most important differences in code requirements are the regulation of process
energy loads and the requirements for building airtightness. Londonʼs Part L does not regulate
process energy loads, which include elevators, plug loads, and other industrial demands.
Recent versions of ASHRAE 90.1 (applicable to New York City), the German EnEV, Californiaʼs
Title 24, and Singaporeʼs Green Mark all include regulations on process loads with varying
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degrees of stringency (see table below). This is an important distinction because as building
energy use is reduced, process loads become an ever-greater portion of overall energy use.

City

Process Loads Covered by Local Code

San Francisco

Commercial refrigeration, data centers, kitchen exhaust systems,
and compressed air systems are included in the non-residential
standards.

London

None

New York City

Refrigerator minimum efficiency requirements. Motor efficiency and
elevator standby requirements
ASHRAE 90.1 2010 Section 8.4.2 Automatic Receptacle Control.
At least 50% of all 125 volt 15- and 20-Ampere receptacles,
including those installed in modular partitions, installed in the
following space types: private offices, open offices, and computer
classrooms.

Frankfurt

All energy demands are regulated in Passive House buildings,
making no distinction between process and non-process loads; the
EnEV regulates only information technology installations.

Singapore

Escalators, elevators, car-park ventilation

Sydney

None

The importance of air leakage has been increasingly recognized by high-performance building
designers and has been addressed in various ways across the peer cities. Sydney and
Singapore have not yet developed metrics for air leakage. The other peer cities, including New
York, require buildings to minimize air leakage through requirements for continuous air barriers
and individual component air-leakage rates, or through whole-building air-leakage testing (i.e.,
blower door test). A comparison of air-leakage rates between all the peer cities is difficult
because Frankfurt, for example, uses a volumetric measure (air changes per hour) while San
Francisco, London, and New York City describe air leakage using a surficial measure (CFM per
square foot). The best way to compare these metrics is on an individual building basis, as
shown in the examples below (bold values indicate each city's minimum code requirement):
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Residential Example:
volume 22,500 cubic ft, floor area 1,800 ft2, exterior wall area 3,600 ft2
ACH at 50 Pa

CFM/ft2 of Wall Area

Frankfurt (Passive House)

0.6

0.063

Frankfurt (EnEv)

1.5

0.156

7

0.730

7.97

0.830

City

New York City
London
Small Commercial Building:

volume 752,640 cubic feet, floor area 50,000 ft2, exterior wall area 45,248 ft2
ACH at 50 Pa
(75 Pa for NYC)

CFM/ft2 of Wall Area

Frankfurt (EnEV)

1

0.28

New York City &
San Francisco

1.44

0.40

London

1.95

0.54

City

Large Commercial Building:
volume 4,987,500 cubic feet, floor area 525,000 ft2, 35 floors, exterior wall area 178,000 ft2
ACH at 50 Pa
(75 Pa for NYC)

CFM/ft2 of Wall Area

Frankfurt (EnEV)

1

0.47

New York City &
San Francisco

0.86

0.40

London

1.16

0.54

City
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Frankfurt appears to have the most stringent air-leakage requirements of all the peer cities. San
Francisco and New York City have more stringent whole-building air-leakage test requirements
for commercial buildings than London. However, the requirements of above-code energyefficiency measures by local requirements, such as the LEAN:MEAN:GREEN Plan and
mandatory testing requirements, result in Londonʼs newly constructed buildings most likely
having lower air-leakage rates. London and Frankfurt have included proposed design energy
penalties for buildings that choose to not conduct a blower-door test to verify airtightness. These
penalties can make it difficult to prove compliance against the code reference building, thereby
incentivizing designers to conduct a post-construction blower-door test. The example of a large
commercial office building also shows that for tall buildings the surficial metric (CFM/sq.ft of wall
area) becomes more stringent than a volume metric (ACH). The residential air-leakage
requirements in Frankfurt are substantially more stringent than New York Cityʼs, making this is
one area that New York City codes have potential to be vastly improved. The New York City airleakage requirement of less than 7 ACH at 50 Pa is a requirement of the 2010 New York City
Energy Code, which in turn is based on the 2009 IECC 2009. Meanwhile, the 2012 IECC
requires less than 3 ACH at 50 Pa.
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City

San Francisco

Envelope Air-Leakage Metric

Envelope Air-Leakage Metric

(Commercial Buildings)

(Residential Buildings)

0.4 CFM/ft2 at 75Pa (CA Title 24 2013)

Low-rise residential (<4 stories)
none (CA Title 24 2013)
High-rise residential (>3 stories)
0.4 CFM/ft2 at 75Pa (CA Title 24
2013)

London

0.54 CFM/ft2at 50 Pa (buildings over 5,381
ft2);
0.82 CFM/sf at 50Pa (buildings under
5,381 ft2) (Part L 2013)

New York City

Whole-building air-leakage test < 0.4
2
CFM/ft /75 Pa, or
assemblies test <0.04 CFM/ft2, and
components test <0.004 CFM/ft2 and all
joints sealed.
(NYC ECC 2014)

0.54 CFM/ft2 for buildings over
5,381 ft2;
0.82 CMF/ft2 for smaller buildings
(Part L 2013)
Low-rise residential (<4 stories):
whole-building air leakage test <7
ACH @ 50 Pa or visual inspection.
Testing is not mandatory. (NYC
ECC 2014)
High-rise residential (>3 stories):
whole-building air-leakage test <
0.4 cf/ft2/75 Pa, or
assemblies test <0.04 CFM/ft2, and
components test <0.004 CFM/ft2
and all joints sealed.
(NYC ECC 2014)

Frankfurt

2 ACH at 50Pa (naturally ventilated
buildings); 1 ACH at 50Pa (mechanically
ventilated buildings) (EnEV 2014)

0.6 ACH at 50Pa (Passive House
Standard);
1.5 ACH at 50Pa for mechanically
ventilated buildings (EnEV 2014)
3 ACH for naturally ventilated
buildings (EnEV 2014)

Singapore

None (Green Mark New Non-Residential
Buildings Version 4)

None (Green Mark New NonResidential Buildings Version 4)

Sydney

None (NCC 2014)

None (NCC 2014)
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Insulation values across the peer cities vary according to the climate and relative stringency of
their local codes. London and Frankfurt have the most stringent requirements, with San
Francisco, New York City, and Sydney significantly lower in their required thermal performance.
Singapore has only a whole-building envelope limit, in which only west-facing walls have a
required performance criterion they must surpass. Even this metric is much less stringent than
those of the other peer cities.

Exterior Insulation Requirements (Maximum U-values)
City

Commercial
Buildings

Residential Buildings Heating Degree
Days

Singapore (Green Mark
Version 4.1)

0.35 Btu/h*ft2*F
Whole envelope
0
(maximum value for
requirements, no
west-facing walls only) specific values for walls

Sydney (NCC 2014)

0.092 Btu/h*ft2*F

0.092 Btu/h*ft2*F

1,245

San Francisco (CA Title 0.059 Btu/h*ft2*F
24 2013)

0.077 Btu/h*ft2*F

3,042

London (Part L 2013)

0.041 Btu/h*ft2*F

0.053 Btu/h*ft2*F

4,180

New York City (IECC
2012)

0.063 Btu/h*ft2*F

0.083 Btu/h*ft2*F

4,555

Frankfurt (EnEV 2014)

0.049 Btu/h*ft2*F

0.049 Btu/h*ft2*F

5,570
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Insulation Requirements

Enforcement and Compliance

Among the best indicators of code compliance throughout the peer cities have been the policies
and practices surrounding design verification. Each peer city has a slightly different approach,
with the highest performers having implemented post-construction verification that is reported on
an ongoing annual or biannual basis. New York City does have some policies in place that
require energy use reporting (Local Law 84); however, these policies are new, limited to larger
buildings, and lack the longevity of similar programs in other peer cities.

In Frankfurt, code compliance is culturally enforced, in addition to building energy certificates
that report annual building energy use. Building designers and owners expect that everyone on
the project team will commit to meeting the design and construction goals for the project, and
correctness is valued in project delivery. Construction quality and operation are at an
exceptionally high level, and deficiencies are vigorously rectified. (Page 66)
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San Francisco benefits from third-party verification through mandatory LEED certification.
Automated code-compliant baseline models can improve reliability of results. (Page 33)

Singapore relies on the technical staff employed through its Building Construction Authority to
verify designs to award points under the Green Mark rating system. (Page 78)

London code compliance consists of several levels of design review, ranging from local or
borough, to city, to state. These rigorous and highly regulated reviews help to ensure code
compliance. Additionally, building energy certificates are also mandatory, and automated codecompliant baseline models can improve reliability of results. (Page 48)

All of these cities require documentation of compliance. In London, the rigor on the verification
side is more detailed, with the use of on-site inspections/measurement and automated software.
All require some level of field inspection. Only London and Passive House buildings in Frankfurt
require post-occupancy measurement and verification of airtightness and reported building
energy use. Projects in Frankfurt required to become Passive House-certified require
measurement of air leakage.

In the past, New York City has had poor compliance, due partly to Department of Building
(DOB) staff and inspectors who were not properly trained on energy-efficiency issues. New York
City has made significant strides toward improving building code compliance in recent years,
which will help to improve building performance in the future. Other cities have had a longer
track record of more stringent codes and understand the importance of achieving desired results
as they pertain to asset ratings.

Energy-Efficiency Policies

All cities require measurement and reporting of existing building energy performance in some
form. This is manifested in different ways among the peers. Benchmarking is most commonly
used in New York City, San Francisco, and Singapore, while asset rating is used in Sydney,
London, and Frankfurt. Several peer cities, including London and Frankfurt, are further along in
their use of the data collected through these two approaches. The trends observed in those peer
cities indicate that some energy-reporting policies begin through voluntary reporting, which then
becomes mandatory, and is finally used in policy to incentivize poorly performing buildings to
improve their efficiency.

URBAN GREEN WORLDWIDE LESSONS TECHNICAL REPORT

Page 111 of 133

9 SUMMARY OF TRENDS

The most successful cities have long-term policies that clearly articulate energy and greenhouse
gas reduction goals. London and Frankfurt follow national greenhouse gas reduction goals.
California has created similar goals with net zero energy as the main target, with various
deadlines for compliance based on building type. New York City has recently drafted goals for
city carbon reductions, but these goals are new, fragile, and so far lack widespread policies that
enforce and create a road map to achieve the proposed goals.

All cities require building energy usage reporting. London, Frankfurt, and Sydney have tied the
energy reports to an asset rating that takes the collected data and compares it against other
buildings of similar size and type. This comparison is captured in a standardized rating system,
and in Europe these ratings are publicly displayed and required for real estate transactions. This
type of reporting can serve as a market driver to bring up the performance of the bottom of the
market, and it addresses the existing building stock. New York City started a reporting
requirement for energy and water use for buildings above 50,000 square feet with Local Law 84,
but the quality of this data still needs improvement, and not enough data has been collected to
inform market transformation. (Pages 46, 63, and 90)

Some cities have set additional building performance requirements for city-owned buildings or
special development zones in the city. In Frankfurt, this has been mandatory Passive House
certification for city buildings; London has various borough-level requirements; San Francisco
has the Green Building Ordinance; and Singapore has higher Green Mark certification
requirements for various development areas. New York City requires LEED Silver certification
under Local Law 86 for city-funded projects but has no other explicit requirements beyond code
performance. The requirements in Frankfurt and London are perhaps the most stringent, but
those in San Francisco are the most comprehensive, addressing numerous building types.

Some cities use third-party certification to broaden their sustainability agenda. San Francisco
has Green Building requirements tied to LEED; Londonʼs planning authorities often require
BREEAM certification for planning consent; and Singapore requires higher Green Mark
certification in certain development areas. In addition to Local Law 86 requirements, New York
City projects going through a Uniform Land Use Review Procedure (ULURP) or a State/City
Environmental Quality Review (S/CEQR) often commit to LEED certification to demonstrate their
environmental commitments. (Pages 30, 45, and 16)

Construction Materials and Component

Materials are globally available across all the peer cities. However, the application of materials
is based on cost, code requirements, climate, and a cultural sense of construction quality. The
predominant technical and performance expectations — whether required by code or demanded
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by professional workgroups that inform code requirements — set the common construction
solutions, and markets respond with competitive pricing and available options.

Construction quality is highest in Frankfurt, where construction is typically more solid, with a
traditional emphasis on brick and concrete construction for residential and institutional buildings.
Given the climate and code requirements, passive strategies such as external shading and
highly insulated, well-detailed and executed building envelopes are widely used. Triple-pane
window systems or automated shading systems are more common in the market and offered by
more suppliers at competitive costs. Due to the low summer humidity and moderate
temperatures, low-energy cooling (or no-cooling) and heating strategies such as radiant or
active thermal mass systems are common and respond to a general cultural dislike of forced air
conditioning systems. Despite this general preference, large commercial buildings use systems
similar to those in New York City, although they typically employ more complex façades that
allow for natural ventilation. Finish quality is also high and reflects a German expectation of
quality and durability. (Page 68)

At the other end of the spectrum, cities such as Singapore and Sydney are more concerned with
comfort conditioning due to higher temperatures and humidity levels and, as a result, the focus
is less on detailing of the thermal envelope, except for solar control. Systems tend to favor
forced air solutions that are cheaper to install and can deal with higher cooling loads and
dehumidification requirements. There is less expectation of construction durability, and real
estate is seen more as a transactional asset and less as a long-term investment. (See Pages 72
and 82)

London and San Francisco are somewhere between these two extremes due to their milder
climates. London has been driven to more innovative system solutions than San Francisco
because of its more-stringent energy codes, more heritage buildings, and planning constraints.
Both cities have ample opportunities for natural ventilation and lower cooling and heating
requirements. These lower energy needs often make it difficult to defend increased investments
in building envelope or system improvements, especially in San Francisco where energy costs
are low compared to London. (Pages 43, 45, and 51)

New York City has the most varied climate and the greatest annual temperature swings of all
the peer cities, making it difficult to rely on passive strategies such as those in Frankfurt or
London. High summer humidity and temperatures necessitate dehumidification and cooling
systems even with good building envelope designs. The summer humidity also makes natural
ventilation more challenging, as systems must be able to switch quickly between passive and
active conditioning modes. Projects pursuing higher performance often rely on HVAC systems
that just supply the minimum ventilation airflow and utilize hot water and chilled water for
conditioning. However, cost considerations often force design teams to use the least efficient,
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lowest cost all-air systems allowed by the energy code. In most of the peer cities,
dehumidification is not as critical as in New York City. Projects in peer cities with aggressive
greenhouse gas reduction targets more frequently use passive strategies such as earth ducts
and labyrinths, which do not rely on fossil fuel use. It should be noted that these passive
strategies are more expensive when considered as a design alternative, but when properly
integrated into the design of a building can be considerably more cost-effective.

In the winter, New York Cityʼs low temperatures create significant heating demand and should
result in well-insulated building envelopes. However, to date, relatively low energy code
requirements, low energy costs, market expectations for large amounts of glazing, and
comparatively deep floor plates have deemphasized building envelope improvements. While this
is starting to change with increased code requirements and an interest in systems such as
Passive House, some of the underlying drivers, like low energy costs and deep floor plates, still
persist and have not yet resulted in a strong market demand for high-performance envelope
components, which one would expect for this climate and sees in Frankfurt. While many of
these envelope products are available in New York City, they are not commonly used and carry
a cost premium. Most of the energy-efficiency improvements in New York have been due to
more efficient HVAC and lighting components, and system efficiencies here are generally on par
with peer cities.

Construction Methods and Education

Fundamentally, all peer cities use very similar construction methods. Whether it is steel or
concrete construction, or window wall or unitized curtain wall systems, the methods of
construction are globally very similar, and lessons learned are shared rapidly, often through
international construction firms. The key differences here are less in the methods, but more in
the training and delivery models.

The depth of technical training in professional education varies and reflects how long energy
issues have been concerns in each peer city. While in the U.S. architecture schools are required
to teach fundamental classes in energy and systems, it is clear that the depth in which these
issues are addressed differs from that in Frankfurt, where energy issues are design drivers
beyond technical classes. Another key difference is that architecture degrees in Germany are
often offered through the engineering departments of universities. (Pages 20 and 67)

All peer cities have similar licensing and continuing education requirements for design
professionals, and these are typically set not at the city but national level. Many professional
organizations in the U.S., including ASHRAE, AIA, and USGBC, offer additional training on
energy and sustainability to supplement the lack of formal training at the university level on
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these issues. As environmental issues and energy codes become more advanced, New York
City will need to work both locally and with state/national partners to speed up professional
education on these issues. (See technical report sections on Training.)

For construction professionals, some of the peer cities provide more formal training and career
paths than New York City does. For example, in Frankfurt or London, construction is a more
established profession with formal apprenticeship programs, continuing education, certification
opportunities, and salaries that make it an attractive profession for skilled labor. Many European
construction firms are more vertically integrated, resulting in tighter integration of trades, greater
sense of project ownership, more professional advancement opportunities, and closer
coordination of cross-discipline systems. This results also in larger construction firms with more
opportunities to control the technical quality of construction. (Pages 49 and 67)

In London and Frankfurt, national efforts are underway to improve and standardize the training
and certification of construction workers and craftsmen. Under the EU BUILD UP Skills initiative,
EU member states conducted a status quo analysis of worker skills followed by a 2020 road
map identifying barriers and additional skills required to deliver the EU 2020 energy-efficiency
goals. In London and more broadly in the UK, this has led to improved training and certification
offerings. Organizations such as SummitSkills, which develop occupational standards in the UK,
have an easier time developing and maintaining appropriate training schemes for construction
workers and craftsmen. A benefit of the Build Up Skills initiative is the opportunity to share
lessons learned across the more than 20 EU member states actively participating in the BUILD
UP Skills program. (Page 50)

In contrast to the European model, in New York, San Francisco, Singapore, and Sydney, the
construction industry is more fractured and relies more on a construction manager/subcontractor
model. While this model allows for more flexibility and can be more responsive to economic
cycles, it creates challenges in coordination, training, and quality control. While this model keeps
overheads low, it also drives up construction costs, as more people mark up the costs for profit
along the way. (Page 21)

Sydney is an interesting peer city in this regard, as many larger development firms are also
construction firms. While they are still often operating in a construction manager model, their
integration of development and construction management provides unique opportunities for
innovation, since they can address construction cost risks in a more integrated way. (Page 95)
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Design Practice

In peer cities with more stringent building energy requirements, design teams have realized that
an integrated design approach is necessary to meet more aggressive performance
requirements. In London and Frankfurt, there is greater collaboration between architects and
engineers in developing integrated envelope, mechanical and electrical system concepts. In
New York City, San Francisco, Sydney, and Singapore, design is still largely isolated, and
integrated design is successfully applied only to projects with high-performance aspirations.

As New York City considers policies requiring more stringent building performance, it will need
to educate and encourage greater design integration between architects and engineers.
Interestingly, the U.S. is ahead of itsr peers in the implementation of Building Information
Modeling (BIM) as a design tool, and many practices have adopted new modeling software for
this in recent years. This has not yet resulted in a focus on increased performance but largely on
improved design coordination. Singapore has started to integrate BIM into its workflows as well,
and large practices are catching up to the same level of implementation as the U.S. With new
energy codes and new software, this could provide an opportunity to more easily implement
performance-based code approaches. (Page 79)

In Frankfurt, San Francisco, and Sydney, a Public Private Partnership (PPP) model is being
used to encourage higher performance buildings. Public Private Partnerships are collaborations
between public and private entities that enter into a mutual agreement whereby a private entity
finances, designs, constructs, and then operates a facility with a leaseback arrangement. PPPs
require the project team, which includes developers, contractors, and designers, not only to
design but also to construct and operate the building for the owner. This arrangement forces
greater collaboration between all parties and can help ensure that energy performance goals
are realized, since they directly benefit the PPP. In recognition of such benefits, Frankfurt has
passed a policy to encourage PPP by offering financial incentives. Sydney is using PPP as part
of large municipal redevelopment projects such as the Barangaroo mixed-use project. (Pages
38, 58, and 97)

New York City has started to look at the PPP model as a way to develop new multifamily
residential projects. Wicks Law in New York City requires that most city and state construction
projects follow a design-bid-build process. A more flexible regulatory framework could ease the
way for more innovative PPP project delivery options. (Page 24)

One interesting development from the private sector in Sydney has been able to influence
environmental design of high-profile building projects. The Better Buildings Partnership is a
collection of large property owners and developers in Sydney who have all committed to
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producing high-performing, energy-efficient buildings. This partnership has been successful in
reducing energy demands among partner properties and is an excellent example of a privately
organized group pursuing green building goals. The Better Buildings Partnership has been
successful in Sydney because of the unique situation in which only 20 developers own
approximately 70% of rentable floor area, so such a partnership is able to have a larger effect
on the building stock than it would in another city. (Pages 92 and 97)

Peer cities with higher building performance aspirations have recognized the need for a wide
range of financing and incentive models to encourage adoption, especially within existing
buildings. For example, in Frankfurt, the KfW Programme offers financial incentives for
upgrades, renewable energy installations, and new construction energy-use reductions. In San
Francisco, PACE financing makes it easier to secure financing for existing building energy
retrofits by providing building audits and detailed plans (both financial and construction) to
implement recommended energy-efficiency strategies. These retrofits are then paid for through
property taxes paid by the building owner. In New York City NYSERDA offers a range of
incentives, including existing building improvements, but it is not an ideal model since benefits
are difficult to assign because of the typical owner/tenant relationship. Also, the focus is on
electrical savings because the funding is tied to the electric utilities, and the funding mechanism
is state controlled, thus not directly linked to New York City policy goals. (Pages 13, 38, and 64)

Green Building Policies

Energy efficiency has received much attention over recent years. However, there is also
growing awareness of other environmental impacts due to buildings and construction that have
created market-changing effects.

One significant market-changing strategy that has been observed across several of the peer
cities, including San Francisco, London, Frankfurt, and New York City, is the increased focus on
material performance, both in terms of embodied environmental impact and human health. The
USGBCʼs newest version of LEED (version 4) has restructured its Materials and Resources
category to incentivize projects to use materials that have an Environmental Product Declaration
(EPD) or a Health Product Declaration (HPD). An EPD focuses on the environmental impacts of
creating the material, such as emissions or energy demand, whereas an HPD focuses on the
health impacts of the material during both manufacturing and installation. Although LEED v4 will
not take full effect until the end of 2016, changes have already been taking place among
manufacturers as they try to adapt to these new reporting systems. It is anticipated that these
new credits will have a larger impact after 2016. The Living Building Institute has made similar
requirements in its benchmarking system, the Living Building Challenge. Another benchmarking
system was created that is centered on occupant health, called the Well Building Standard,
further underlying the trend of healthy buildings in the industry. Although the latter two
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benchmarking systems have not reached nearly the same amount of adoption and application
that LEED has, they are much more stringent and aim to push the industry on a much more
aggressive agenda.

In London and Frankfurt, professionals have begun to quantify building environmental impacts
using life-cycle assessment analysis (LCA). This process is difficult and highly dependent on
local context to provide accurate manufacturing and transportation data. The German DGNB
benchmarking system has been developing and building on its life-cycle assessment database
for more than five years, and requires all certified projects to undergo a whole-building life-cycle
assessment. In the U.S., LEEDʼs adoption of an EPD option will bring aspects of LCA to those
buildings choosing that path.

The ways in which the peer cities are handling stormwater and potable water exemplifies a trend
in the design and construction industry toward responsible water management. Singapore
recycles all of its wastewater for potable reuse. The motivations for such a system are mainly
political, as there are few potable water sources in Singapore, and most water was previously
imported from neighboring countries. San Francisco, as part of California, has had to adjust to
drought conditions and has broadened legislation regarding water reuse to allow for buildings to
reuse wastewater. London, although it does not suffer from lack of water, has increased its
requirement for permeable site area for newly constructed buildings to reduce the volume of
stormwater runoff.

Biodiversity and green space have received recent attention in New York City with the One New
York plan and in London with BREEAM requirements. Mayor de Blasioʼs plan set a goal
specifying that all New Yorkers should benefit from useful, accessible, and visually attractive
open spaces. Measures to meet this goal include restoring and improving existing parks, and
greening New York Cityʼs streets and open spaces. Londonʼs approach comes from the
BREEAM requirements for biodiversity, which require building projects to increase the number
of plant species on site.
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10. Recommended Initiatives for New York City
Top-Down Approach to Energy Codes
●

New York City should investigate developing and implementing a top-down energy code.

Energy codes that rely primarily on the stringency of prescriptive requirements limit the ability of
cities to pursue aggressive energy and carbon reductions in buildings. Cities pursuing carbonneutral goals have begun to adopt a top-down approach to energy codes that relies on building
designs outperforming a reference baseline building. London, San Francisco, and Frankfurt are
peer cities with top-down codes. The city of Seattle, the commonwealth of Massachusetts, and
the state of California also have begun a shift away from prescriptive-based energy codes to
increase stringency. California has set a goal to achieve net-zero-energy buildings and has
redesigned its building energy code (Title 24) to encourage energy compliance targets that
require the use of whole-building energy simulation. Seattle has switched to a code that
measures (site or source) EUI instead of cost, and Massachusetts has implemented a “stretch
code” that communities can adopt voluntarily to help them with local efforts to reduce
greenhouse gas emissions. At present no single top-down approach is being used by multiple
cities, and New York City should not wait for state or national mandates. The city should begin
to work with groups such as ASHRAE, the International Code Council, and other nonprofit
advocacy groups promoting advanced energy codes to develop a world-class model for the next
generation of energy code.
Peer City Precedent:
Of the peer cities, Londonʼs implementation of a top-down energy code stands out as being
most applicable to New York City. The approach is well developed, widely accepted, and allows
for a significant amount of flexibility. Londonʼs energy code is based on the United Kingdomʼs
Building Regulations Part L, which shifted to a purely whole-building, performance-based
approach in 2002 in response to EU climate directives. At the same time, the UK also
established carbon emissions as the new code metric. Compliance is based on whole-building
energy performance simulations, which have led to the development of automated compliance
software, such as IES-VE and Design Builder. Automated software improves the reliability of
outcomes and reduces the potential for gaming. (Title 24 in San Francisco also requires use of
automated compliance software.) The software is rigorous and establishes the reference
building criteria for all building types, including all operational and occupancy criteria. Since
2002, London has mandated more stringent compliance by requiring projects to meet
incrementally greater improvements against the Part L baseline reference building. Project
teams are also required to submit a compliance manual, which must be approved by the
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Building Authority, detailing the approach to post-construction compliance with the carbon
reduction goals. Failure to meet the required performance targets at the end of construction
results in financial penalties tied to the unrealized carbon emission savings over the life of the
building. Additionally, because performance reductions are so stringent, London also requires
post-construction performance testing. For example, all buildings must perform mandatory airleakage testing to prove that designs are performing as specified. Projects are sometimes
required to seek creative ways to meet compliance goals that go beyond base building energy
improvements. Some examples include installing extra PV panels, or taking credit for installing
more efficient boilers in neighboring buildings.
Summary of Strategy:
A top-down energy code shifts compliance from a prescriptive approach toward a whole-building
performance approach, making it easier to increase stringency over time. This type of code
requires a repeatable and consistent methodology for calculating the energy consumption of the
fixed baseline reference building.
As discussed in Section 10, this approach to code compliance allows a proposed building
design to be analyzed on a holistic level, thereby enabling creativity, innovation, and financial
flexibility throughout the design and construction process. The following components of a top
down code are all in use by at least one of the peer cities and can be used to align current
energy code in New York City with higher-level policy goals. Not all of these strategies are
required for a top-down code, but all could contribute to a successful implementation and have
precedents in the peer cities.
A. Establish carbon emissions as the metric for code compliance – Switching the energy code
metric to carbon emissions will make it easier to align building energy-efficiency goals with city
greenhouse gas emission goals. The current use of energy cost as a compliance metric in NYC
does not prioritize design decisions that align with carbon reduction goals. Furthermore, using
carbon as a metric has the benefit of allowing buildings to take advantage of larger efforts to decarbonize the electricity grid. Use of a carbon metric should be considered a critical component
of a top-down approach because there is a limit to the improvement that can be achieved in
building energy efficiency measured through a cost or energy-use metric. Switching to a metric
other than energy cost has allowed London, Frankfurt, and San Francisco to align energy codes
with environmental policy mandates.
B. Standardize building energy simulation software for code compliance – Automated
compliance software helps prevent the fraudulent manipulation of results and can capture the
complex interactions of building designs required for more-stringent building performance. Peer
cities such as London and San Francisco have adopted standardized modeling software that
automatically generates compliance comparisons without any additional user intervention.
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C. Allow case-by-case approval of code-compliance alternatives – In cases where the
requirements of code compliance cannot be adequately demonstrated at a building level,
innovative alternatives should be allowed, such as community energy schemes or alternative
renewable supply strategies. Compliance with code requirements must be quantified and
demonstrated through a robust post-occupancy inspection process approved by the DOB prior
to the start of construction that includes measurable performance measures to qualify for code
compliance. Financial penalties should be established for noncompliance similar to those in
London. This process must be rigorous to ensure that savings are still met, but can be useful as
the code requirements become increasingly stringent.
D. Mandatory post-construction testing – Some of the peer cities have tied code compliance to
post-construction performance measurements to verify compliance. Most notably, London
requires mandatory air barrier testing, which has significantly reduced the air leakage in new
construction.
E. More stringent air leakage requirements – Air leakage is an especially important problem to
confront in New York City because of the high humidity climate. Residential air leakage
requirements in New York City are less stringent compared to those in Frankfurt, allowing a
maximum of 7 ACH for compliance. This requirement is based on older 2009 IECC
requirements and is substantially less stringent that the 2012 IECC Residential air leakage limit
of only 3 ACH. For commercial buildings, the current code sets a fixed surficial air leakage rate
for buildings using testing for compliance, though testing is not mandatory. However, the simple
examples for small and large commercial buildings shown in Section 10 illustrate that this leads
to very different volumetric air leakage rates. Consideration of a minimum commercial building
air leakage rate that changes as a function of exterior surface area and building volume would
allow a more equal level of air leakage between different building sizes, making it easier to
achieve consistent air leakage results across a wider range of building types. Reducing the air
leakage of both commercial and residential buildings will increase energy efficiency and
resiliency across the city building stock.
F. Streamlined permitting review for high-performance projects – While ultimately all buildings
should meet higher performance standards, an interim step might be to incentivize projects to
improve performance by providing an accelerated permitting path for projects designed for
above code performance.
G. Phased approach – Each of the peer cities that have adopted this type of code did so in a
phased approach and has aligned the trajectory of improvements to long-term policy goals. The
performance stringency was increased at regular intervals and therefore was predictable and
not a sudden burden. A phased approach also allows performance targets to mirror
improvements in the emissions of the electricity grid as well as improvements in technology.
H. Establish a fixed baseline reference code – The details of the UK Building Regulations Part
L that form the basis of the London Energy Code do not change over time. Instead, the
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maximum energy permitted for a given building type is lowered at a prescribed percentage rate.
This reduces confusion in the design and construction community. In contrast, the stretch code
legislation adopted in Massachusetts did not make provisions for how to address future
improvements in the underlying codes as they are updated in the usual code cycle. This has
resulted in confusion throughout the state as the ICC and ASHRAE codes have become more
stringent.
Possible Next Steps for New York City:
If New York City moves toward top-down codes, it will be starting this process more than a
decade after London. However, several key conditions are already present in New York City that
could make a shift to this type of energy code successful. First, the 80 by 50 goal has laid the
foundation for limiting carbon emissions, making it easier to realign the energy code to track
carbon emissions and demonstrate progress.
Furthermore, the current version of the New York State energy codes is approaching the limit of
what can be accomplished prescriptively, and a top-down approach to code compliance may be
embraced as preferable to an even more stringent prescriptive energy code. ASHRAE 90.1 is
beginning to recognize these limits and has incorporated a top-down compliance path in the
2016 version of the standard.
There are also several options available for developing a New York City-specific automated
compliance simulation tool. Examples include a DOE2.2-based code compliance tool being
used in Oregon and Washington and the development of a robust automated ASHRAE 90.1
compliance tool using Energy Plus.
The major benefits of a top-down approach include an alignment with carbon policy, the ability
to easily increase stringency over time, flexibility in the approach used to meet compliance, and
minimum code rework if the current prescriptive NYECC requirements are used to guide
baseline code-compliant models. These benefits would come at the cost of rewriting the New
York City energy code and educating construction, design, and code professionals throughout
the city. There is also additional work associated with the energy modeling that would need to
occur during the building design. As a next step, New York City should assess the potential
applicability of this type of code, and create a plan for implementation that includes sufficient
time for the education and phase-in processes.
Potential Impact:
Revising the energy code will affect the performance of all newly constructed buildings and
major renovations in both the commercial and residential sectors. Once a replacement rate has
been determined for the upcoming years, reductions in energy use and emissions can be
estimated. This approach would allow a more aggressive move toward lower emissions than the
current prescriptive code while also preserving design and cost flexibility.
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Building Energy Labeling
●

New York City should implement public building energy labels on new and existing
buildings.

Peer City Precedents:
Cities such as Frankfurt and London have implemented several policies that manage the
ongoing energy consumption of existing buildings. As part of the European Union, these cities
are subject to the umbrella directives that are set for all EU countries. The Energy Performance
of Buildings Directive, which took effect in 2010, required buildings to provide an energy
performance certificate (EPC) to be included in advertisements for sale or rental of a building.
These certificates must also be publically displayed in the building entryways or other publicly
accessible area and rate the building based on the performance of similar buildings. This leads
occupants to be more aware of energy performance. In London, legislation has been proposed
to mandate a specific EPC rating to obtain a certificate of occupancy.
Summary of Strategy:
New York City has already begun to implement a strategy similar to those of London and
Frankfurt with Local Law 84 (LL84). However, two crucial steps would increase the effectiveness
of the current benchmarking requirements. These steps are:
A. Establish a building energy performance labeling program (evolution of LL 84) – A simple,
graphic energy labeling program can be more effective at communicating the overall
performance of buildings than the current numeric value reported in the New York City
benchmarking requirements. Publicly displayed, it will hold building owners and occupants more
accountable for their propertyʼs energy use. Properly executed, this type of labeling would
present an accurate metric for building energy performance that is difficult to game and would
educate the public.
B. Mandate minimum energy performance for sale/lease of all commercial buildings – Require
existing residential and commercial buildings to meet minimum energy labeling requirements at
the time of sale or lease. Improving the minimum performance of existing buildings upon lease
or sale is an effective long-term strategy toward meeting emissions reduction goals. Research
has shown that this type of approach is a more cost-effective approach to improving existing
building energy efficiency than incentive programs, and an effective labeling program makes it
possible.
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Possible Next Steps for New York City:
If New York City would like to pursue building energy performance ratings, the first step would
be to create a classification system. The European model uses ratings such as letter grades or
simple descriptors (good, very good, excellent, etc.) as well as bar graphs. These ratings could
be displayed in a prominent location in buildings. The existing reporting mechanisms used by
LL84 could be used to implement this strategy, thereby cutting down on significant research and
development time.
Potential Impact:
Establishing building performance ratings and using that information to control baseline energy
performance will affect all existing buildings, as well as newly constructed buildings, and for this
reason has greater potential than improvements to code, even major ones. As for the top-down
approach to codes, the stringency of a performance rating can be incrementally and predictably
increased over time. If, eventually, New York City would like to require a certain performance
rating as a condition of occupancy, this performance could easily be coordinated with high-level
emissions policies, and could have a major impact.

Lead by Example
●

New York City should set a precedent in its building stocksʼ energy performance and set
high-performance zones within the city.

Peer City Precedents:
Among the programs being used in the peer cities, there has been an effort to hold municipal
buildings to a higher standard of energy performance. San Francisco, London, New York City,
and Singapore are doing this to some extent through the use of benchmarking. Frankfurt uses
Passive House, San Francisco and New York City have used LEED, and Singapore uses Green
Mark. The peer cities of London and Singapore both have minimum requirements for energy
performance within certain districts of the city, in addition to requirements for city-owned
buildings. These policies were enacted based on established building performances, and often
more stringent requirements are placed in desirable areas of the cities. Certain boroughs in
London have implemented above-code performance requirements that can include additional
energy reductions or BREEAM certification.
Singapore has established zones within the city that are required to meet significantly higher
levels of energy and green building performance. The downtown core is required to meet a
minimum of Gold Mark Platinum, while other designated areas have to achieve Gold Plus
certification.
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Summary of Strategy:
New York City should continue to show leadership in the pursuit of high-performance buildings
by continuing to improve the goals of the current local laws. Two examples from peer cities are
1) establishing specific performance requirements for certain building typologies or districts
within the city, and 2) increased use of a building labeling or asset ratings system when making
real estate decisions.
A. Mandate minimum energy performance requirements for city-owned and city-leased office
space – An established energy-labeling program, as previously recommended, can be used to
promote energy efficiency within existing buildings, whether city-owned or not. Sydney requires
all city-leased commercial office space over 2,000 m2 to meet minimum energy-labeling
requirements. In New York City, this could be realized as an extension of Local Law 86 (LL86).
With a large commercial building market in New York City, using minimum performance
requirements for city-leased office space will incentivize building owners to invest in
performance upgrades to attract potential new tenants. By developing a baseline performance
standard for existing city-owned buildings, such as LEED O+M certification, and then
progressively increasing the stringency of requirements, the city can achieve significant savings
in its own buildings.
B. Designate zones for high-performance building requirements within the city – London
allows neighborhoods in the metropolitan area to establish performance criteria that are relevant
to each locale. Singapore requires development in certain districts to meet Green Mark Platinum
or Gold Plus, and Washington, D.C., allows development districts to create a unique plan for
achieving city sustainability goals that better reflects the priorities of each neighborhood. In New
York City, these zones could be based on economic development, protection of existing wildlife
habitats, or other important factors critical to the protection of the environment and growth. The
current discussion of East Midtown rezoning, which includes energy-efficiency requirements, is
already a first step in this direction.
Possible Next Steps for New York City:
With an established energy performance labeling program in place, New York City could enact
minimum energy performance criteria for city-owned or leased property.
Developing high-performance zones in New York City will take time to research and implement,
and the experience in East Midtown will be informative. Given the diversity of neighborhoods
throughout the five boroughs of the city, this strategy must use local input to promote more
sustainable development in sensitive areas. Applying this strategy in NYC will require political
preparation to develop the level of consensus needed for successful implementation. New York
City should investigate programs currently being implemented in other U.S. cities.
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Potential Impact:
The city currently controls more than 270 million square feet in municipal buildings, about 5% of
the cityʼs total, so reductions in energy use and greenhouse gas emissions will be significant as
city buildings are improved. Extension to nonmunicipal buildings will depend on the selection
and development of high-performance zones, but can make use of experience with municipal
buildings.

Transform the Construction Industry
●

Current policies in New York City should be improved to aid project finance and
organization.

Transforming the construction industry is not a short-term project. Instead, this strategy is meant
to put into place the incentives and requirements necessary to help steer the industry in the
direction of lean construction methods and energy-efficient design. Other peer cities, especially
those in Europe but also San Francisco, have been transforming their design and construction
industries for over 20 years. Drawing on their experience, several important supportive
measures can encourage the transformation of the construction industry toward high-efficiency
designs. The research identified two successful strategies from the peer cities that could have
an immediate impact on New York City: construction finance and team organization.
Peer City Precedents:
In several peer cities, there are policies for construction finance and project team organization
that have encouraged the construction of energy-efficient and environmentally responsible
buildings.
Each of the peer cities, including New York, have financing mechanisms available for energy
retrofits and energy-efficiency plans for newly constructed buildings. In San Francisco, PACE
financing, which facilitates secure financing for existing building energy retrofits, stands out by
reducing project risk through standardized building audits, construction planning, and financial
models. These retrofits are financed by property tax levies and are independent of the building
owner.
Frankfurt, London, and San Francisco have been using different construction team
organizations more often, and Atelier Tenʼs peer city contacts believe these different
approaches enable more integrated building designs. Design-build and PPP projects, where one
company designs and constructs the project, are more common in the EU and in California. In
New York City, laws such as Wicks Law prevent project teams from engaging in a design-build
contract for city projects, as separate contracts must be issued for design and construction. PPP
projects have recently been attempted in New York City, which could help to encourage design
team integration.
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Summary of Strategy:
By revising NYSERDAʼs funding mechanisms to include incentives based less heavily on
tenant/owner relationships and only electricity reductions, there could be more diverse
opportunities for projects to demonstrate environmental benefits, such as peak load shifting and
reductions in natural gas usage. NYSERDA is also run by New York State, which may not
directly correspond to New York City-specific goals over time. Additionally, despite political
complexity, the question of how to overcome barriers to integration and innovation that concern
cross-discipline or subcontractor coordination issues will need to be addressed in the future. In
this realm, the lessons learned from the peer cities could be especially helpful. LEED v4 has
already begun to recognize the importance of design team integration, and could be used to
help start the process if mandated in New York City.
A. Adopt a PACE financing model – The other U.S. peer city, San Francisco, has had success
with increasing the number of energy retrofits through the PACE model. Because New York
Cityʼs construction industry is most similar to San Franciscoʼs, this measure could be beneficial
in New York City as well.
B. Revise Wicks Law – This law segments project team organization, which produces
information loss and potential loss of design intent. Revising this law to allow for design-build of
Integrated Project Delivery (IPD) projects could help to facilitate energy reductions in NYC.
Possible Next Steps for New York City:
Gauging public support for these measures will be important to successful adoption of these
strategies. Without this support, they may be overturned once the current mayor (or mayor who
implements these changes) is out of office. The expansion or dedication of NYSERDA programs
to New York City specifically will require political and technical support.
Potential Impact:
If adopted, the impacts of creating influential finance models and a more integrated design and
construction workforce will be long-term and industry-changing. This recommendation requires
the participation of many stakeholders, who must all be committed to environmental goals. The
impacts of that shift will affect all newly constructed and existing buildings. Although there is no
direct measurement of the impacts of design-build or IPD projects, contacts who have worked in
both Europe and the United States agree that design and construction teams are more
integrated in Europe, which leads to higher achievement in building energy efficiency. New York
City could collect information on key performance indicators that encourage project team
integration. These could include project team member satisfaction, opinions on how well
environmental aspects of the project goals were addressed, or quantification of communication
through tracking the number of RFIs and meetings with all team members.
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Improve Worker Skills and Training Outcomes
Without an educated workforce, it will be much more difficult to achieve the strategies outlined in
this report. Peer cities in Europe each have a clear road map for improving construction
workforce education that is uniquely designed to fit their existing education frameworks. Most
peer cities organize this kind of training on a local level or assume that construction companies
will oversee training. While both strategies have merit, the overall assessment of skills present
in the construction industry is an important step that the most successful peer cities have
completed. New York City should complete such an assessment to best carry out a renewed
construction education program.
Peer City Precedents:
The European Union developed the Build Up Skills initiative to help the construction industry
adapt to the aggressive carbon reduction mandates through construction education. The goal of
Build Up Skills is to “increase the number of qualified workers across Europe to deliver
renovations offering a high-energy performance as well as new, nearly zero-energy buildings.”
The initiative uses a two-step process to meet this goal. First, it strives to establish qualification
platforms and a road map for successfully training the construction workforce to meet long-term
performance goals. Second, it aims to upgrade existing or introduce new workforce training and
qualification requirements. London and Germany both have their own implementation plans to
meet these goals over the next decade. This type of road map enables countries in the EU to
assess the skills needed for their construction industry to adapt to strict emissions reductions
requirements.
As corollaries to the Build Up Skills initiative, the UK has implemented supplemental resources
for the construction industry. One example is a package of Accredited Construction Details
(ACDs) that has been developed to assist the construction industry in achieving the
performance standards of Part L regulations. The details contain checklists used by the
designer, builder, and building control body to demonstrate and streamline compliance. The
details are grouped by generic construction type: steel-frame details, wood-frame details,
masonry cavity wall insulation, interior masonry wall insulation, and exterior masonry wall
insulation. These details are generally used by designers who are less experienced with highperformance design.
Germany has also developed a body of knowledge known as the Approved Rules of Technology
(ART) that tracks the performance of building design solutions. This information database
documents the success and failure of different technical solutions, equipment, and assumptions
that are either written in code, or being considered for adoption into code. Again, this serves as
a knowledge database for designers who are less experienced with newer construction
techniques.
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Additionally, in Germany, construction workers are often taught through “Ausbildung”
(apprenticeship) programs that have both a theoretical and practical component. These
programs are pursued by students who decide not to attend university and are common in
Germany. These types of apprenticeship degree programs could be implemented in New York
City colleges to promote construction workforce education.
Summary of Strategy:
One of the biggest drivers for the peer cities participating in the Build Up Skills Initiative has
been to update the knowledge base of their workforce. These initiatives have been
supplemented by the development of knowledge databases such as the ACD and ART. New
York City can learn from their progress and strategies to ensure that the construction workforce
has ample amounts of support to execute high-performance building designs. Additional focus
on practical construction training should also be emphasized in New York City. The following
strategies have been successful in the peer cities, and could be successful in New York City as
well.
A. Implement a training road map similar to the EU BUILD UP Skills initiative – The Build Up
Skills initiative quantified the lack of knowledge and skills in the EU construction workforce and
then created an education and training road map to address those deficiencies. A similar
strategy for New York City could help unify and strengthen the construction industry.
B. Adopt a broader construction workforce skills and training repository – Create databases of
case studies, courses, and technical documents for public use. These resources could focus on
various aspects of construction, from detailing to project team interactions.
C. Develop practical training programs for construction techniques – Similar to the German
system of apprenticeships, investments should be made in the creation of practical training in
community colleges or voluntary training programs, and these programs should be made
available to the workforce. Requiring participation in practical training sessions could be a part
of this strategy.
D. Develop a manual of pre-approved architectural details to improve facade performance –
This strategy includes pre-approved construction details for energy-efficient construction
techniques, such as thermally broken slabs.
Possible Next Steps for New York City:
As the city moves toward energy efficiency, the construction industry will have to stay up to date
on construction methods. In the experience of some New York City designers, the local
workforce is not adequately trained with the skills necessary to deliver high-performance retrofits
on a broad scale. Working with trade unions and construction firms to identify current
shortcomings and work together to develop robust new training platforms and resources will
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contribute to improved building outcomes. Similar to the Build Up Skills initiative, the New York
City municipal government could provide high-level guidance on topics known best by working
professionals, leaving the actual implementation up to the labor unions and private companies.
Such topics could include construction methods to reduce thermal bridging, air infiltration, or
other methods that are specifically applicable to New York City buildings. The EU also holds
annual meetings for country representatives to come together and discuss successes and
challenges with their education programs, which New York City could also hold for knowledge
exchange. Additionally, incorporating standardized design details with corresponding inspection
checklists would improve the quality of façade construction in New York City. Designers,
contractors, and inspectors would all benefit from a library of details pre-approved by the
Department of Buildings, and from a database of past experiences from local building
contractors and designers. New York City will have to work closely with the labor unions to
implement this strategy, as they are largely responsible for the training of the incoming
workforce.
Potential Impact:
This recommendation would affect all construction across New York City, as the education
programs spread and are implemented, and as the workforce becomes more knowledgeable in
new construction techniques that are anticipated to be adopted by design professionals.
Additionally, as buildings are gradually renovated and retrofitted, this construction knowledge
should be emphasized so the existing building stock is updated along with new construction. To
more accurately track the progress of this goal, New York City should develop key performance
indicators based on the findings of an existing construction workforce skills study that will help
quantify the impact of construction workforce education. In the EU, countries have developed
indicators such as building-payback periods, electricity consumption per capita, and qualitative
surveys on construction practices for both professionals and clients.
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11. Glossary
1. Code: A systematic collection of laws and regulations that exhaustively covers one
specific area, such as building energy regulation. In the context of the report, code refers
to mandatory building energy laws.
2. Policy: A course of action adopted by a government, business, or collection of
individuals. In the context of this report, policies are outside of code and are put in place
by any government agency.
3. Legislation: Laws. In the context of this report, these are laws that may govern building
energy efficiency but are outside the scope of code.
4. Top-Down Code: This type of energy code focuses on the final product metric for
building performance. Metrics can be a maximum carbon emissions value, a maximum
energy usage intensity, or similar metrics.
5. Prescriptive code: These types of energy codes prescribe specific parameters for
various building elements to achieve a certain performance.
6. Design-Bid-Build (DBB): DBB projects follow the more traditional path of project delivery.
In this process, designers produce a scheme (design) that is then bid out to contractors
who can construct the design. The build phase is when the original design scheme is
constructed. Design communication and redesign work are two drawbacks of this project
delivery method.
7. Design-Build (DB): This project delivery system contracts the design and construction
teams through one contractor (the design-build contractor). This type of delivery process
can reduce risk, overall costs, and schedule time.
8. Public Private Partnership (PPP): A PPP is funded and operated through a partnership
between the government and one or more private companies. The private companies
often form a consortium to build, maintain, and operate the building for the duration of
the contract with the government. This is a newer type of contracting that has been seen
in all peer cities.
9. Koppen Climate Classification: The Koppen Climate Classification system is one of the
most widely used climate classification systems. It uses native vegetation, annual and
monthly temperatures, and seasonal precipitation to describe climate zones.
10. Urban Heat Island Effect: This is the effect of significantly warmer urban areas
(compared to rural areas), as a result of human activities.
11. Thermal Bridging: In buildings, thermal bridging occurs when a more conductive material
in a wall construction allows heat to flow through it through the thermal barrier. This
results in unwanted heat losses in colder climates.
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12. American Society of Heating and Refrigeration and Air-conditioning Engineers
(ASHRAE): This organization aims to advance human well-being by implementing
sustainable technology in the built environment. The ASHRAE handbook has numerous
standards that govern baseline requirements for various aspects of building
performance.
13. Lawrence Berkeley National Laboratory: A laboratory that is part of the University of
California Berkeley and conducts research on behalf of the United States Department of
Energy.
14. ENERGY STAR: This is an international standard for energy-efficient consumer projects
in the United States created by the Environmental Protection Agency and the
Department of Energy.
15. Time Dependent Valuation (TDV): TDV is a portion of CA Title 24. TDV factors are
applied in energy models to weight the time of use impacts of energy consumption. “The
concept behind TDV is that energy-efficiency measure savings should be valued
differently depending on which hours of the year the savings occur, to better reflect the
actual costs of energy to consumers, to the utility system, and to society. The TDV
method encourages building designers to design buildings that perform better during
periods of high energy cost.”
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