Understanding Net Zero

UNDERSTANDING
NET ZERO ENERGY,
NET ZERO CARBON
AND CARBON NEUTRAL
BUILDINGS
The race is on globally to decarbonize by
2050, with the unprecedented commitment
of 195 nations at the Paris Climate
Agreement. While buildings account for
over 40percent of primary energy use and
30percent of global greenhouse gas (GHG)
emissions, energy efficiency in buildings
has historically lagged behind the growth
of energy use caused by population and
economic gains.
The Net Zero concept is the next logical
step in the evolution of our buildings,
to reduce our carbon emissions in the
building sector. World Green Building
Council’s (WorldGBC) Advancing Net Zero
is one of many global projects, aiming to
promote and support the acceleration of
net zero carbon buildings to 100 percent
by 2050.
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While generally understood conceptually,
no international consensus has been
reached on the definitions of a Net
Zero Energy Building (ZEB), a Net Zero
Carbon Building (ZCB) and even a Carbon
Neutral Building (CNB), to highlight
just some of the similar terms used
in literature. The way these terms are
defined can affect significantly the way
buildings are designed to achieve the
goal. Despite this, countries are enacting
policies and national targets based
on their specific interpretation of the
concept, which may not be comparable
across countries. For instance, the United
States (US) Department of Energy (DOE)
has set the target of achieving zero
energy homes by 2020 and zero energy
commercial buildings by 2025, while the
European Union (EU) Energy Performance
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Note: Images used in this article are for
illustration only and do not constitute
the described building types.

of Buildings Directive (EPBD) specified for all new
buildings to be nearly zero energy by 2020. The
United Kingdom (UK) had also set the ambitious
target for the all new homes to be zero carbon from
2016 (withdrawn in 2015).
Undoubtedly, the International Standards
Organization (ISO) and the European Standards
Committee (CEN) have made strong headway
in developing standards to evaluate the energy
performance of both new and existing buildings in a
holistic approach. These are reflected in the recently
launched ISO 52000 series and the formation of
technical committee CEN/TC 371. On the carbon
front, ISO has also developed the ISO 16745 series
to provide a globally comparable set of methods to
calculate, report, communicate and verify carbon
metrics for emissions arising from measured energy
use during building operations.

However, the definitions for ZEB/ZCB/CNB
buildings remain fragmented globally:
§

CEN Draft European Standard prEN 15603 has
defined Nearly Zero Energy Buildings for the EU
building sector

§

US DOE has defined ZEBs referencing American
National Standards Institute (ANSI) and ASHARE
Vision 2020 [a collaboration of the American
Society of Heating, Refrigerating and AirConditioning Engineers (ASHRAE), the American
Institute of Architects (AIA), the U.S. Green
Building Council (USGBC), and the Illuminating
Engineering Society of North America (IESNA)]

§

Architecture 2030 in collaboration with New
Buildings Institute and Rocky Mountain Institute in
the US has developed a definition for ZCB
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Infographic 1: Factors considered in ZEB definitions

§

World Green Building Council (WorldGBC) has
adopted an umbrella term for ZCB based on 4
key principles

between them. Ultimately, this can help organisations
identify clear goals in mapping their pathways towards
sustainability.

§

Canada Green Building Council (CaGBC) has
developed a ZCB Standard and a certification
scheme for ZCBs

NET ZERO ENERGY BUILDINGS

§

British Standards Institute (BSI) PAS2060
Standardisation Document for Carbon Neutrality
has developed a framework for quantifying,
reducing and offsetting carbon emissions, and
can be applied to buildings to achieve CNBs

§

The Australian Government has developed the
National Carbon Offset Standard for Buildings to
certify CNBs

§

Natural Capital Partners has developed the
Carbon Neutral Protocol which lays out the
requirements to achieve CarbonNeutral®
certification

As such, this article aims to do a deep dive to
understand the commonly adopted definitions for
ZEBs, ZCBs and CNBs, and discuss the differences
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A net Zero Energy Building (ZEB) is commonly defined
as an energy efficient building that generates enough
renewable energy (RE) on site to equal or exceed
its annual energy use (Figure 1).

Figure 1: Net Zero Energy Building Concept
(referencing Pike Research)
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X - Energy Generated from on-site RE over a year
Y - Energy Consumption on-site over a year
Z - Energy used to generate and deliver any
energy drawn from grid
Infographic 2: Difference between site and source ZEBs

The pathway to achieve a ZEB generally consists
of two steps: 1) reduce energy demand by means
of energy efficiency measures, and 2) generating
enough energy to achieve the balance with energy
consumption by building loads.
Technically, differences in ZEB definitions (see
Infographic 1) arise mainly due to:
§ Accepted energy supply options (only renewables
or also from fossil fuels, on-site/ off-site RE)
§ Connection to grid energy infrastructure
§ Type of loads included in energy balance
§ Type of energy balance measured based on
building-grid interactions (energy use & RE
generation or energy delivered from & exported
into the grid)
§ Period of Energy Balance (usually on an annual
basis)
§ Requirements for energy efficiency and indoor
comfort levels

A net zero Site Energy building is commonly
defined as one which produces as much energy
on-site as it uses on-site over the course of a year.
There may or may not be grid connections; hence RE
generated on-site can either be stored in batteries
or supplied to the grid when there is a surplus, and
energy can be supplied from batteries or the grid to
the building when there is insufficient RE produced.
Energy used in producing and transmitting grid
supplied electricity from source to site are not
accounted for in the energy balance.
A net zero Source Energy building on the other
hand adopts a whole-systems approach, where offsite delivery of energy from the grid is allowed on
the condition that on-site RE produced must offset
the delivered energy, including energy used in
generation and transmission (see Table 1 definition
on Source Energy).
A connection to the grid for energy balances is
usually required in seasonal countries; for building
with limited storage capabilities; or in situations
where building energy usage demands do not
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Infographic 3: Site vs Source energy

coincide with renewable energy generation periods.
See Infographic 3 for Site vs Source energy.
The US DOE has established such definitions and
measurement guidelines for ZEBs, referencing

ANSI/ASHRAE/IESNA Standard 90.1 and Energy
Performance of Buildings Directive (EPBD), EU’s main
legislation covering the reduction of the energy
consumption of buildings. DOE’s ZEB definitions are
included in Table 1 below.

Standard

Definitions

US Department of Energy (DOE)

Zero Energy Building: An energy efficient building where, on a source
energy basis, the actual annual delivered energy is less than or equal to
the on-site renewable exported energy. A ZEB may only use on-site RE
in offsetting the delivered energy.
Source Energy: Site Energy plus the energy consumed in the extraction,
processing and transport of primary fuels such as coal, oil and natural
gas; energy losses in thermal combustion in power generation plants;
and energy losses in transmission and distribution to the building site.

Table 1: U.S. Department of Energy’s definition of Zero Energy Building

ISO 52000 Standards to provide frameworks and
methodologies for measuring overall building
energy performance
In supporting the move towards ZEB, the ISO/TC
163 has developed and published in 2017 the ISO
52000 series to calculate and comprehensively assess
the overall energy performance of a building. By
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moving beyond energy performance requirements
set at the component level, assessing the overall
building energy performance allows the use of
any combination of technologies in a systems
perspective. This encourages the innovative use of
building technologies in systems in order to achieve
bold improvements to energy efficiency and bring
buildings one step closer towards zero energy.
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NET ZERO CARBON BUILDINGS
Globally, various definitions are aligned for a net
Zero Carbon Building (ZCB), using different wordings
as summarised in Table 2. Key characteristics include:
being highly energy efficient and being able to
meet annual operational energy consumption with
RE preferably produced on-site, but also procured
off-site, if needed.
For ZCBs, there is also an option to include
embodied emissions of building materials used, to
encourage off-setting by RE generated. For instance,

under the Canada Green Building Council (CaGBC)
ZCB Standard, applicants must conduct a cradleto-grave life cycle assessment (LCA) of the building
project but the embodied carbon requirement is
currently only limited to reporting. As the energy
efficiency of buildings increases, the proportion
of operational carbon emissions in the LCA of a
building will decrease while embodied carbon will
become a more significant contributor. As such,
there is potentially the move towards the inclusion of
embodied carbon in the future.
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Standards

Definitions

Architecture 2030

Zero Net Carbon Building: a highly energy efficient
building that produces on-site, or procures, enough
carbon-free RE to meet building operations energy
consumption annually.

CaGBC Zero Carbon Building Standard

Zero Carbon Building: a building that is highly
energy efficient and produces onsite, or procures,
carbon-free RE in an amount sufficient to offset the
annual carbon emissions associated with operations.

WorldGBC Advancing Net Zero

Net Zero Carbon Building*: a highly energy efficient
building with all remaining operational energy
use from RE, preferably on-site but also off-site
production, to achieve net zero carbon emissions
annually in operation.
*This is an umbrella definition meant to provide a
framework that has more flexibility to be applied globally,
and allows each country to further develop specific ZCB
definitions. This definition allows for carbon offsets, but
energy supply should still follow a general hierarchical
preference of on-site, off-site and then offset (see
Infographic 4).

Table 2: Definitions of net Zero Carbon Buildings
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Option 0
Reduction consumption through
Energy Efficiency

Least Preferred

Option 1
On-site Renewable Energy Generation

Option 2
Off-site Renewable Energy

Option 3
Purchase of carbon offset credits

Infographic 4: Hierarchical preference of renewable
energy sources for ZCBs

ISO 16745 Standards to provide methodologies
to calculate, report and verify GHG emissions of
existing buildings based on operational energy
use
The ISO 16745 series has been developed and
published in 2017 to provide a globally comparable
set of methods to calculate, report, communicate
and verify carbon metrics for emissions arising from
the measured energy use during the operation of an
existing building.
In principle, accurate and precise reporting can only
be achieved if GHG emissions (and removals) from all
life cycle stages of buildings are quantified. However,
there are often resource limitations to use and apply
LCA methodologies. Hence, the carbon metric is
used in ISO 16745 as a measure based on energy use
data and related building information for an existing
building in operation (where energy use typically
accounts for 70 percent to 80 percent of energy use
over the building life cycle).

CARBON NEUTRAL BUILDINGS
Carbon Neutrality Concept
Carbon neutrality is a concept that can essentially
be applied beyond buildings, at an organisation,
project, individual or product level. Under the British
Standards Institute (BSI) Standardisation Document
PAS2060 for Carbon Neutrality, carbon neutrality is
defined simply as:
“ a condition in which there is no net increase
in the global emission of greenhouse gases to
the atmosphere as a result of greenhouse gas
emissions associated with the subject.”
One existing carbon neutral framework is the
Greenhouse Gas (GHG) Protocol, developed by the
World Resources Institute and the World Business
Council on Sustainable Development, which sets
the standard for how to measure, manage, and
report greenhouse gas emissions. It can provide
organisations with a framework to prepare a carbon
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Scope 2
Energy indirect emissions
generated upstream outside
building’s physical boundary
but consumed within the
building.
E.g. from generator of
purchased electricity, heat,
cooling and steam

Scope 1
All direct emissions from
sources that are within a
building’s physical boundary.
E.g. from combustion of fossil
fuel/ electricity generation,
refrigerant use taking place
within the building.

Scope 3
Other indirect emissions
that occur as a result
of the activities of
the building, but are
from sources outside
the building’s physical
boundary, mainly:
i) Electricity lost
in delivery in the
transmission and
distribution network from
waste, water supply,
wastewater treatment and
transport from building
operations.
ii) Whole building
operations where
emissions from occupants
and their operations
include employee
commuting, business
travel, transportation and
distribution.

Infographic 5: Overview of Scope 1, Scope 2 and Scope 3 GHG emissions for buildings

inventory of their business operations. Similar to the
GHG Protocol, BSI PAS2060 also defines a consistent
set of measures and requirements for entities to
demonstrate carbon neutrality
Applying the Carbon Neutrality Concept to
Buildings
The term ‘Carbon Neutral Building’ is increasingly
being used corresponding with the rise of voluntary
labelling schemes like the Carbon Neutral Protocol
which lays out the requirements to achieve
CarbonNeutral® certification under Natural Capital
Partners (a solutions provider for carbon offsetting
schemes), as well as the recently launched National
Carbon Offset Standard for Buildings by the
Australian government. There are also other smallerscale programmes like the Carbon Neutral Design
Project by the American Institute of Architects (AIA)
and its partners, as well as the CSA Registered
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Carbon Neutral™ Program by the Canadian
Standards Association (CSA) Group.
Technically from a carbon accounting perspective
referencing the Australian National Carbon Offset
Standard, a CNB can also be understood as one
where net GHG emissions is equal to zero,
achieved by a transparent process of calculating
GHG emissions, reducing where possible and
compensating for the residual emissions through
investing in verified carbon offset projects.
Many discrepancies continue to exist in CNB
definitions today, depending on the scope of
emissions sources included (Infographic 5), specific
requirements relating to the system boundary, use
of renewable energy, as well as the use of and 3rd
party certification of carbon offsets. As a result, ZCBs
and CNBs are terms often used interchangeably in
practice.
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Infographic 6: Difference between ZEBs and ZCBs

DIFFERENCES BETWEEN ZEB, ZCB AND CNB
Based on the common definitions outlined in each
section, some key differences have been identified
between 1) Site and Source ZEBs, 2) ZEBs and
ZCBs, and 3) ZCBs and CNBs. While these
differences do not apply to all cases due to the
lack of universal definitions, they can help to better
frame some of the current discussions towards
reducing GHG emissions in the building sector.
Between site and source energy categories of
ZEBs, the main difference is:
When drawing on off-site delivered energy,
Source ZEB must include in its energy
consumption the energy used in generation and
any transmission losses but Site ZEB do not
need to, and only account for the amount of
energy delivered at the Site.
As for ZEBs and ZCBs, the main difference is:
ZEBs have to produce enough on-site RE for all
of its energy needs while ZCBs do not need to,
and can supplement energy consumption with
RE procured off-site (see Infographic 6).
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Differences

Net Zero Site Energy

Net Zero Source Energy

Net Zero Carbon

Is the building allowed to draw
on non-renewable energy from
the grid?

Yes (energy used
in generation and
transmission losses of
the procured energy not
accounted for)

Yes

No, only RE*

Does the building need to
produce RE on-site that is at
least equivalent to total energy
consumption, including any
energy drawn from the grid/
off-site?

Yes

Yes

No

Is the building allowed to
procure carbon credits as
offsets?

No

No

No**

* Based on definitions but usually provisions are given in standards which recognise the need for grid energy (non-RE
sources) in some cases
** Yes under WorldGBC’s Net Zero Carbon umbrella definition, which provides the flexibility for offsets.

Table 3: Differences between Net Zero Site Energy, Net Zero Source Energy and
Net Zero Carbon Buildings
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Comparisons

CaGBC ZCB

WorldGBC Net ZCB

Australia’s National
Carbon Offset Standard

Minimum amount of RE
generated on-site

5percent (by design)

Not compulsory

Not compulsory

Scopes of emissions
considered to calculate
carbon balance

1,2

Not defined

1,2,3

Purchase of eligible
carbon offset units
to compensate for
remaining emissions

Not allowed

Allowed

Allowed

Embodied carbon

Only reporting, optional
for inclusion in carbon
balance

Not covered, could
be included in future
versions

Not covered, could
be included in future
versions

Table 4: Comparison between National Carbon Offset Standard for Buildings and
CaGBC Zero Carbon Building Standard
Hence, ZCBs are more similar to buildings defined
as ‘Nearly Net Zero Energy’ as defined under the EU
EPBD. For a detailed comparison, see Table 3.
Without international standards harmonising Zero
Carbon Building and Carbon Neutral Building
definitions, there are potentially key differences
depending on how individual Zero Carbon and
Carbon Neutral Standards for buildings are
defined.

For example, a comparison between the CaGBC Zero
Carbon Building Standard, the WorldGBC Net Zero
Carbon Building definition and Australia’s National
Carbon Offset Standard for Buildings (to certify
Carbon Neutral buildings) yields 3 key differences
(Table 4).
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Positive Energy Building

Zero Energy Building

Super Low Energy Building

A highly energy efficient building
which consumes less energy than
it collects from renewable sources

A highly energy efficient building
which consumes as much as or
less energy than it collects from
renewable sources

A highly energy efficient building
(at least 60percent based on 2005
Building Code level), with no
requirements for RE generation.

Table 5: Positive Energy, Zero Energy, and Super Low Energy (PE-ZE-SLE) Buildings in Singapore

DEVELOPMENTS IN SINGAPORE
In Singapore, the Building and Construction
Authority (BCA) has set a long-term aspiration of
achieving ‘Positive Energy, Zero Energy, and Super
Low Energy (PE-ZE-SLE) Buildings in the Tropics’.
All PE-ZE-SLE buildings are required to have a
minimum of 60percent Energy Efficiency (based on
2005 Building Code). Based on the requirements,
definitions can be summarised in Table 5.
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In Singapore’s context, the majority of residential and
commercial buildings are high-rise with limited rooftop space. In addition, solar is the only renewable
energy that is viable in local setting which is highdensity city in the tropics. Hence, super low energy
buildings are expected to be widely adopted by
the industry moving forward, while positive or zero
energy buildings are positioned to push boundaries
through technological and innovative green building
solutions.

Net Zero Energy,
Understanding
Net
Net
Zero
Zero Carbon and Carbon Neutral Buildings

CONCLUSION
With a myriad of terms in the Net Zero Energy/
Carbon Buildings space, having an international
framework or at least country-specific definitions for
key terminologies would be very useful to better
map out the different design, construction and
technological pathways towards realising Net Zero
buildings. This could also help to raise minimum
standards in national building codes, and strengthen
comparability in tracking global commitments.
However, regardless of the differences in current
definitions between ZEBs, ZCBs and CNBs, there
is a strong alignment towards the end goal of
reducing carbon emissions from buildings. For
practitioners, there remains a common emphasis on
the importance of energy efficiency in achieving a
net zero building, before considering RE generation
on-site, procuring off-site and carbon offsets.

Ultimately, net zero buildings reinforce the business
case for building owners in reducing operational
costs. It is encouraging to see increasing interest,
with various national standards being developed to
best suit the physical and regulatory environments
that buildings in each country operate in, as well
as ISO standards to guide the methodologies for
quantifying and verifying energy performance and
GHG emissions.
It is thus timely for building professionals to get
involved, and equip themselves with the relevant
knowledge in order to play a part- from improving
energy efficiency in existing buildings, monitoring
and tracking carbon emissions, and revolutionising
the design of new buildings.
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