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Abstract

There are in excess of 70 low or zero energy/carbon building definitions/standards in circulation
around the world. However there are few zero energy or zero carbon buildings. This suggests that
despite, or possibly because of, a continuing debate over definitions, aspiration has not been met by
reality. In this paper the most important 35 standards are reviewed and a correlation between
activity in standard generation and completed buildings is presented. Combining this with the
requirement for an 80% cut in carbon emissions, a consideration of the proportion of humanity
that live in countries without any standards and the ratio of new-build activity vs. pre-existing
stock, leads to a conclusion that there is an urgent need for a binding international zero (rather
than low) energy/carbon standard that can be adopted world-wide. It is argued this is only possible
if carbon is ignored in favour of energy, and many lifecycle issues put to one side. In part this is
because of changing national carbon intensities within the energy supply chain, but it is also due to
unresolved issues in carbon and energy accountancy. It is hence suggested that such issues are left
to optional additional local standards.

Keywords: zero energy buildings, building codes, building standards
1. Introduction

The latest IPCC synthesis report [1] notes that since 1970 cumulative CO2 emissions from global
fossil fuel combustion, cement production and flaring have tripled, and that climate change is
already having an observable impact on the more vulnerable and exposed parts of the world. This is
not only via the occurrence of more extreme weather events but is also from impacts on sensitive
natural ecosystems, fishery stocks and the production of crops [1]. Due to the importance of the
issue, it has been a longstanding requirement of countries to address their production of
greenhouse gasses via the Kyoto and other protocols.

Buildings are a major contributor to world carbon emissions both operationally and during
construction, with the energy consumption of buildings being around a third of total energy use
worldwide [2]. As world population grows and the level of urbanisation increases, the amount of
energy required by buildings is also set to increase. The building industry therefore has a key role
in helping to reduce carbon emissions by providing buildings that minimise their energy use and
general impact. Governments and others have started to rise to this challenge. For example, in the
UK the construction and operation of the current building stock accounts for around 30 to 40 per
cent of the country’s total carbon emissions, and so has been a focus within the Government’s
overall strategy for reducing emissions [3], the policy situation is similar in much of the developed
world.

Given the need to cut world carbon emissions by 80% to ensure climate change is limited to a rise
of no more than 2-4°C in mean global temperature [1], all sectors, from transport to electrical
generation, to buildings will need to undergo a transformation. Some sectors are likely to find this
more difficult than others. With little progress toward non-fossil fuel based aviation having been
made, oil still dominating land transport, nuclear power only paying a minor role and the diurnal or



seasonal storage of renewable energy proving technologically difficult, several sectors are unlikely
to be able to achieve an 80% cut in the required timeframe. Logic therefore dictates that the built
environment may well need to offer a greater than 80% cut - quite possibly a 100% reduction to a
zero energy/carbon state. By reflecting on the current complexity of the low energy/carbon
standards landscape, this paper argues that, to be effective and adopted worldwide, it might be
necessary for any zero energy/carbon building standard to be relatively simple.

The concept of buildings that have no energy requirements or are producers of no carbon
emissions is therefore an important one, however the details of what a building must achieve to be
classed as one of these is still debated. The literature has many examples of definitions of zero
carbon or energy buildings (Table 1) and defining what is meant by these terms is often seen as
complex and challenging [4, 5]. Supplementary to these definitions there are in excess of 35 low
energy standards in active use across the world. These differ in both their ideology and their
methodology, and they use a variety of metrics for verification. Low, rather than zero,
energy/carbon buildings have been built in reasonable numbers, however given the need to cut
carbon emissions by 80% [1], the size of the historic building stock and the lack of progress on
lowering transport emissions [3] it is clear that at least new build needs to be zero energy/carbon.

The future impact of any standard is hard to quantify, as it no doubt depends not only on the
standard but also the degree of application it finds. This will vary around the world with the
specific demand and levels and nature of construction. For example a large proportion of the
building stock in many countries already exists and so for a standard to find wide use in these areas
applicability to retrofit is an important consideration. However, from the data presented later, it
would seem the impact has been minor, despite a proliferation of suitable standards.

This work first considers existing definitions of low and zero energy buildings as debated in the
literature, their applications, and differences. The review goes on to focus on the currently applied
standards, both optional and mandated, around the world and assesses their relation to the
definitions regarding the metrics used and the inclusion, or not, of concepts such as embodied
energy.

By looking at the proportion of humanity that live in countries without zero carbon/energy
standards and the ratio of new-build activity vs. pre-existing stock, the paper argues that there is an
urgent need for a simple universal definition of a zero energy building, and that to be practicable it
is likely to ignore carbon in favour of energy and not include embodied energy or any lifetime
issues. It is then suggested that carbon, embodied energy and lifecycle issues are left to either
national standards, or possibly secondary, non-compulsory, additions to the standard rather than
be at the heart of the standard.

2. Standards

Our ancestors lived in houses that would pass most elements of many of today’s low energy/carbon
buildings standards. Heat was provided by biomass, lighting from non-fossil oils, domestic hot
water heat almost zero, the overall kWh/m?2 consumption very low - mainly due to only heating a
very small volume of the building, and accepting very low temperatures in cold climates - or
allowing high internal temperatures in hot climates. Electricity use would have been zero. Even
with the introduction of coal the consumption would have remained low: 15 kWh/m? (the
Passivhaus requirement) and a floor area of 200 m? implies an annual demand of 3000 kWh. With
coal in 1800 selling in London at 28 shillings a ton [6] and assuming a calorific value of 5.6kWh/kg,
this implies an annual cost of 15 shillings per annum. The daily wage of a craftsman at the time was
37 pennies [6], so this implies 5 days labour - a modest amount. However, homes were not built to
Passivhaus standards and the efficiency of a coal grate would have been 20% at best. The mean
annual UK heating demand (including domestic hot water) is now around 16,000 kWh [7], and a



typical boiler efficiency 80%. This implies a typical home in 1800 would have used 11 tons of coal
per annum if it had maintained today’s typical set point temperatures and hot water use. This is 5
months wages, indicating that lower temperatures were unavoidable, and that fuel poverty is not a
new phenomenon. Many around the world still live within such thermal and budgetary constraints.

The modern concept of a building that is self-sufficient is not new, with early concept houses such
as the MIT Solar House and the Bliss House from the 1930s and 1950s respectively, representing
some of the earliest attempts to meet energy demand with on-site generation [8]. In these cases
the autarkic principle, although not demonstrating complete energy self-sufficiency, was to provide
all the space heating requirements by on-site solar throughout the year. Even in these simple early
exemplars we see that the concept of zero energy is clearly linked to a set of limiting parameters
including the boundary of the site, the space heating demand and the time scale of the balance.
From looking at the range of standards now on offer debate about these parameters seems to
continue.

Historically, the discussion about the key parameters to use in defining a building as “zero energy”,
has been wide ranging. A summary by Kilbert and Fard [9] of the definitions of net zero and zero
energy buildings arranged in order of appearance and supplemented with additional relevant
definitions is shown in Table 1. It is clear that there is a constantly changing landscape and the
debate continues. Additionally, Kapsalaki and Leal [10] for example add a further definition of Zero
Energy Buildings (ZEBs) that is more specific about the sources of energy and refers in the
definition to a building that does not use fossil fuels but instead gets all of its energy from solar
energy and other renewable sources. 2015 saw the introduction of two more Passivhaus standards
with very complex energy balance principles lying behind them [11]. So it is clear that the
landscape of definitions is not a shrinking one. This can cause difficulty for client and architect, as it
implies a lack of clarity and can encourage the adoption of the easiest to meet standard, or no
standard at all. It is equally likely that this lack of clarity might cause issues for world governments
if any standard played a future role in climate negotiations.

Table 1: Summary of zero energy building definitions as presented by Kilbert and Fard [9].

Source Definition

Esbensen and A zero-energy house (ZEH) is considered to be self-sufficient in space heating and hot water
Korsgaard, 1977 | supply during normal climate conditions in Denmark.

[12]

Gilijamse, 1995 A ZEH is defined as a house where no fossil fuels are consumed, and annual electricity

[13] consumption equals annual electricity production. Unlike the autarkic situation, the electricity

grid acts as a virtual buffer with annually balanced delivers and returns.

Igbal, 2004 [14] | AZEH is one that optimally combines commercially available renewable energy technology with
the state-of-the-art energy efficiency construction techniques. In a zero-energy home no fossil
fuels are consumed and its annual electricity consumption equals annual electricity production.
A zero-energy home may or may not be grid-connected. In a zero-energy home annual energy
consumption is equal to the annual energy production using one or more of the available
renewable energy resources.

Charron, 2005 Homes that utilize solar thermal and solar photovoltaic (PV) technologies to generate as much
[15] energy as their yearly load are referred to as net zero energy solar homes (ZESH).

Torcellini et al., A zero-energy building (ZEB) is a residential or commercial building with greatly reduced energy
2006 [16] needs through efficiency gains such that the balance of energy needs can be supplied with

renewable energy technology.

EISA, 2007 [17] A net-zero energy (NZE) commercial building is a high-performance commercial building
designed, constructed and operated: (1) to require a greatly reduced quantity of energy to
operate; (2) to meet the balance of energy needs from sources of energy that do not produce
greenhouse gases; (3) to act in a manner that will result in no net emissions of greenhouse gases;
and (4) to be economically viable.

Mertz et al., A net-zero energy home is a home that, over the course of a year, generates the same amount of
2007 [18] energy it consumes. A net-zero energy home could generate energy through PV panels, a wind
turbine or a biogas generator.

Rosta etal., 2008 | A ZEH produces as much energy as it consumes in a year
[19]




Laustsen, 2008
[20]

Zero net energy buildings are buildings that over a year are neutral, meaning that they deliver as
much energy to the supply grids as they use from the grid. Seen in these terms, they do not need
any fossil fuel for heating, cooling, lighting or other energy uses, although they sometimes draw
energy from the grid.

Green Building
Advisor, 2010

Net zero-energy buildings (nZEB) are those producing as much energy on an annual basis as it
consumes on-site, usually with renewable energy sources such as PV or small-scale wind

[21] turbines.

European The nearly zero or very low amount of energy required should be covered to a very significant
Parliament, extent by energy from renewable sources, including energy from renewable sources produced
2010 [22] on-site or nearby.

Aelenei et al., The nZEB concept can be defined as a building that over a year is neutral meaning that it delivers
2010 [23] as much energy to the supply grid as it uses from the grid.

Voss etal,, 2010
[24]

The understanding of an nZEB is primarily based on the annual balance between energy demand
and energy generation on the building site. An nZEB operates in connection with an energy
infrastructure such as the power grid.

Hernandez and
Kenny, 2010 [8]

Alife cycle zero-energy building (LC-ZEB) is one where the primary energy used in the building
in operation plus the energy embodied within its constituent materials and systems, including
energy generating ones, over the life of the building is equal to or less than the energy produced
by its renewable energy systems within the building over their lifetime.

Salom et al.
(2011) [25]

A nZEB can be succinctly described as a grid-connected building that generates as much energy
as it uses over a year. The ‘net zero’ balance is attained by applying energy conservation and
efficiency measures and by incorporating renewable energy systems.

Sartori et al.,,
2012 [26]

A nZEB is a building with greatly reduced energy demand that can be balanced by an equivalent
on-site generation of electricity, or other energy carriers, from renewable sources.

Lund et al.
(2011) [27]

A ZEB combines highly energy-efficient building designs, technical systems and equipment to
minimize the heating and electricity demand with on-site renewable energy generation typically
including a solar hot water production system and a rooftop PV system. A ZEB can be off or on-
grid.

Other important standards and proto-standards and supporting materials are those of ASHRAE
(ANSI/ASHRAE/IESNA Standard 90.1-1999) and their Vision 2020 document; ISO standards
TC163, 205 and 16343; and the European Energy Performance of Buildings Directive.

Following the approach used by Kilbert and Fard [9], we can summarise these definitions in the
following equations. The period of balance or comparison can be a month, a year or other time
frame, but the shorter the period the more difficult it will be to balance them. If the energy balance
is greater than zero in an equation, the result is a net positive energy solution.

(1) Net zero site energy:

rs-m=0

where m is the consumption measured by the utility meter; and rs is the measured renewable
energy produced onsite.

(2) Net zero-source energy:

rs—(m+g)20orrs-p=20

where p is primary energy = m + g; and g is the energy losses in the utility system due to energy
conversion and transmission.

(3) Near zero energy (EU only):

rsn=p=0orrs-p->00

where rsn is the renewable energy produced on-site or nearby by the building owner.




(4) Net zero cost (i.e. the financial value of the energy produced equals that of the required energy.
This though does not mean the two balance in energy or carbon units, as they may be from different
sources, for example production of electricity but use of natural gas. Being a financial balance the
approach might be naturally attractive to building owners.):

$rsn-$m20

where $m is the cost of purchased grid-based energy; and $rs» is the income from the renewable
energy produced on-site or nearby by the building owner.

(5) Net zero exergy:

Zeex_zeimzo

where ), €,, is the exergy exported to the grid; and ); €;,,, is the exergy imported from the grid
(6) Net-zero carbon:
CO2r-C02m=0

where CO2m is the MtCOz emitted from grid-based energy sources and COzr is the MtCOz. avoided
by carbon neutral energy sources provided by building owner or utility.

(7) Net zero total energy:

r-(p+e)=0

where e is the embodied energy of building components amortized on an assumed lifetime.
(8) Net zero energy location (net zero total energy plus transportation):
r-(p+t)2z0orr-(p+t+e)=0

where r is the renewable energy provided by the building owner or purchased from a utility; and ¢
is the commuting energy of building users/occupants.

From Table 1 it is possible to extract some of methodical principles:

The basic units used vary: final energy, primary energy, carbon or finance.

Connection to the grid might or might not be allowed.

Energy use is normally calculated over a year.

The reduction of fossil fuel use can be the focus, rather than the reduction of energy.

A narrow or broad definition of renewable energy might be included. For instance only
building integrated solar technologies might be allowed. Or a wider range of non-local
sources might be included.

There is an emphasis on energy efficiency, but the level required varies.

7. The uses of energy that need to be included vary.

G Wi

o

The metrics used by any definition are arguably reflective of the ideology, but also may reflect the
desire to make a definition more accessible. The main debate here is over the use of carbon verses
energy as both have relevance with respect to climate change, energy security and economics.



While the use of carbon directly reflects the climate change impact, to assign a value for CO2
emissions requires one or more conversion factors. The result therefore becomes dependent on the
carbon content of any grid energy used and so limits comparison between countries, as the carbon
intensity of supply will vary. The range found (see Figure 1) of 0.02kgCO2/kWh to over
1kgCO2/kWh shows that a global definition based on carbon emissions would potentially have a
different impact on energy use, which would be more onerous for one country compared to
another. Hence it would be difficult to get agreement to adopt it as an international standard.
Furthermore, the carbon intensity of energy grids around the world is changing rapidly, so there is
a methodological problem in calculating the lifetime carbon emissions of any building. This
becomes even more difficult if the embodied carbon of redecoration and refurbishment is to be
included in the standard.

Australia ]
China ]
USA ]
Ireland ]
UK I
Germany ]
Netherlands I
Canada I
Japan ]
Denmark
Austria
New Zealand
France [/
/3
|

]

Sweden
Switzerland

0.00 0.20 0.40 0.60 0.80 1.00 1.20
kgCO,/kWh

Figure 1: Energy grid carbon intensities in different countries (data from [28]).

Final energy, or energy delivered on site, requires no accountancy conversion and so is arguably a
clearer, less time or location varying, way of quantifying and comparing the performance of a
building and thus may be better as the basis for a global definition. It is however more detached
from the original problem and so the use of primary energy is often used instead. This is the energy
used at the first point of useful utilisation [16], for example the energy burnt at the power station,
and while, like COz2, this will reflect the locality of the building, it is only dependent on the
efficiencies of the system and not the carbon content of the fuel source.

Some definitions consider not allowing any fossil fuel use on the basis that even if energy or carbon
is accounted for by paying back through the generation of renewable energy, this will not undo the
fact that fossil fuels are being used by the building. This approach can be argued against by posing
questions about what happens if the owner replaces the biomass boiler, for example, with a gas
boiler, because gas is cheaper than wood.

The time scale of the definition is also considered within the literature. If lifecycle analysis is to be
included then regardless of the units chosen, a building should repay its embodied content over its
operational life, which would be subject to further definition. This is a concept that is gaining
significance in most industries but its uptake within the construction industry has been slow;



however as the energy efficiency of buildings improves the significance of embodied energy
compared to operational energy will change and its relevance increase.

The definition of embodied energy/carbon is itself not straightforward. A variety of methods are
used to calculate the embodied metric, and the method used can have a significant impact on the
outcome of the calculation. The process technique essentially sums the embodied energies of the
constituent parts of a building, and is the most common method [29,30,31]. It relies on the
availability of an accurate and detailed database of materials and components, such as the
Inventory of Carbon and Energy [32], containing data relevant to the supply chain for the building
in question. Some argue that this method of assessing embodied energy/carbon is limited as it does
not take into consideration energy demands, or carbon emissions, resulting indirectly from the
building’s construction [33]. For example, while site clearance activities and groundworks are an
essential part of a development, their energy/carbon costs are not evident in the fabric of the
building. An alternative method is to base calculations on the energy intensities of relevant
economic sectors. Acquaye et al. [34] and Acquaye and Duffy [35] demonstrate how input-output
analysis techniques can be used to determine national energy intensities per monetary unit for
various sectors (i.e. how much energy is consumed for each pound spent in that sector). These
energy intensities can then be multiplied by the prices of building materials and components to
give an estimate of the total embodied energy of the building. While this technique will account for
all the direct and indirect energy inputs, its accuracy is limited by aggregation errors, as all
components from the same economic sector will have the same energy intensity [33]. On a global
scale further complications will arise due to currency exchange rates. Until a consistent approach to
the calculation of embodied energy/carbon is determined, it is difficult to see how this issue could
be successfully incorporated into a global zero carbon building standard.

Temporal considerations also arise when a building is defined as net low or zero over a period via
the use of a grid connection. For example does the building need to balance on a daily, monthly or
annual basis? Clearly, the shorter the balance period the greater the oversizing of the renewables
system will be. This problem is avoided for a standalone, off-grid, building that at no point creates
an energy or carbon deficit in its on-site energy use. However it is likely to be in carbon or energy
debt for decades with respect to embodied energy/carbon due to the batteries or other energy
store used, so the demand for a standalone solution would seem to be flawed. Also most consider
that this is too hard to achieve in a cost or resource effective manner due to the implications of
onsite storage. However, if a certain level of energy storage efficiency is achieved in future, such
considerations may gain relevance.

The scope of the definition both in terms of what uses of energy are included and what renewables
are permitted are also key questions and must be evaluated for a building to meet a particular
definition. Performance of any building will also be dependent on the occupants and their use of
electricity, including plug loads. This raises the question of at what level a building’s responsibility
for energy consumption stops? At its simplest level this might be an argument over including
unregulated energy (such as plug loads), or not. For example the UK definition of a zero carbon
building does not include unregulated energy. However as energy efficiency measures increase,
unregulated energy use and subsequent emissions become a significant proportion of the energy
load and therefore there is an argument that these elements should be included. At a further level
of abstraction, there is a clear contradiction in creating a standard that includes the embodied
energy of the construction and the energy use of electrical items, but not the embodied energy of
those items.

The scope of renewables is also considered in several standards, and this includes a debate over
what should be included and whether off-site renewable energy can be considered. For example
there are concerns whether off-site input can be consistently counted upon. These debates raise the
question of how much of the emphasis of any definition should be on renewable energy generation



and how much should be on efficiency savings as a way of minimising the load. At risk here is that
under several definitions a building may be energy inefficient but include a large amount of
renewable energy. A biomass heated building being a potential example. Heffernan et al. [36]
provide a detailed discussion on a number of zero energy balance issues including which energy
uses should be included, the boundaries in relation to energy generation and the timescale of the
balance.

3. Global Relevance

As previously stated there are numerous low energy/carbon building standards implemented
across the world each using a different definition. Figure 2 analyses the major ones in terms of their
core parameters. The 35 standards considered were: OIB, Czech BC, BR10, D3, RT2012, Effinergie,
EnEV, DNGB, Passivhaus, Italy NC, Tech. Reg. Construction (Lithuania), Planning and building act
(Norway), RCCTE, South Africa BC, CET, Boverket, MukEn, Minergie-A, Minergie-P, Minergie-Eco,
Bouwbesluit, Part L, BREEAM, CfSH, IECC, LEED, Canada NEC, LEED Canada, Equilibrium, BEE, ECS
(Japan), CASBEE, Australia BC, NatHERS, and H1EE.
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Figure 2: Core parameters of the 35 major low or zero energy building standards around the world
presented as the percentage that are presented in terms of each parameter. For example 70% of them
have an air tightness requirement. Data taken from [37], [38] and [28].

From Figure 2 we see that fabric thermal performance and airtightness are common features, the
use of energy metrics out number carbon ones 7:1, the use of primary energy is common, phrasing
the standard in terms of carbon is uncommon, there are 7 times the number of low-energy
standards than zero-energy ones, there is great diversity in what energy uses need to be included,
and finally, that the use of lifecycle analysis (such as including embodied energy) is rare.

In order to ascertain the impact that standards might be having it is important to consider their
locality. This allows the possible impact of a standard to be gauged by comparing its coverage to the
global patterns of construction. The geographical coverage of the standards considered in this
study are presented in Figures 3, 4 and 5. The number of recorded zero energy buildings in each
country is also shown (data taken from the Global Building Performance Network [37], the
International Energy Agency BEEP database [38] and the Zero Carbon Compendium report [28]).
The full list of countries and standards covered in the study is given in the appendix. Figure 3 shows
the number and types (mandatory or optional) of low/zero energy/carbon building standards in
place in a number of countries around the world. Figures 4 and 5 show global and regional maps
identifying the number of building standards in place in each country along with the respective
number of zero energy buildings reported to exist there.



Predictions of the future levels of urbanisation in Asia, Africa and the rest of the world up to 2050
(Figure 6 [39]) can be considered as a rough indicator of construction level trends: it is clear that
the growth will be in Africa and Asia, yet the zero-energy focus lies elsewhere. Figure 7 shows that
there is little correlation between the number of low/zero energy/carbon standards a country has
and the number of zero energy buildings built within a country (R2=0.397). This suggests that
having more standards in a country does not imply more penetration and use of a zero
energy/carbon standard within that country.
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Figure 3. Number of mandatory and optional standards across the world.

Figure 4: Distribution of building standards and zero energy buildings across the world. The number
of low energy buildings is far greater.



Figure 5: Distribution of building standards and zero energy buildings across Europe. The number of
low energy buildings is in the tens of thousands.
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Figure 6: Mid-year urban population estimates by region. It is clear that most growth has for some
time been, and will continue to be, outside of regions that have well developed zero energy standards.
Data from [39].
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Ireland and Finland's comments in their EU directive compliance plans [40,41] put forward the
view that the regulation of energy use of new buildings may be ineffective in reducing overall
energy use if significant numbers of buildings built to less rigorous previous standards still remain.
Others have made the same point [42]. As there is no worldwide database of existing building stock,
the following uses data from two countries as indicators.

Taking Romania as an example, the allowed primary energy use for new buildings has been
reducing over time (Table 2). Assuming these reflect the energy performance of the buildings built
at these dates, and the evidence is that (at least for new low energy buildings) buildings typically
use more, not less, energy than suggested by the building standard under which they were
constructed [43,44], there is a clear need for deep retrofit in order to bring them inline with
proposed zero energy standards.

Table 2 Romanian energy standards [45,46]
Date kWh /m?
Before 2005 | 856
2005-2010 458
2018 333
2020 279
2050-beyond | 206

An indication of the way that building quantities can vary over time is seen in data from the Slovak
Republic (Table 3). The falling house construction rates possibly show the impact of the global
recession, even so, at less than 1 new house per 425 people per annum it is unlikely zero-energy
standards for new buildings will have much impact on energy consumption in the built
environment, whatever the economic future. We can expect the situation to be similar in much of
the world.

Table 3 Slovak house building statistics [47].

2007 2008 2009 2010 2011
Number of completed dwellings | 16,473 | 17,184 | 18,834 | 17,076 | 14,608
Number of dwellings started 18,116 | 28,321 | 20,325 | 16,211 | 12,740

4. Analysis



For the above data we can see that:

1. there is no shortage of standards;

2. these are inconsistent (see Figure 2), with different ones focusing on different goals (carbon
or energy), and including different items (all energy use, only regulated energy use, lifecycle
energy);

3. there is no correlation between the number of standards and building activity or the human
population of a country;

4. there is no correlation between number of standards and the number of zero-energy
buildings (R?=0.397);

5. in future, most buildings will be built in countries with no active zero-energy standard; and

6. given the need for an 80% cut in emissions by 2080, the building community has not risen to
the challenge of climate change and radical, urgent, world-wide, change is needed.

Whilst there are a wide range of definitions of low and zero carbon and energy buildings, there are
certain levels of consensus. Across the standards looked at, thirty of them include a balance to
determine a building’s performance and the other five relied on prescriptive measures to guarantee
a level of performance. Of the metrics used by all the schemes that have an energy/carbon
requirement, kWh/m? of primary energy was the most common. The UK and Japan are the only
major countries using kg of carbon as the defining unit.

Of the standards looked at, only four are for zero rather than low energy. All of the zero targets
were from optional schemes. Of the four schemes the most demanding are the top level for the UK
Code for Sustainable Homes and Equilibrium. These require a balance covering regulated and non
regulated energy use. It is arguable that these two are the closest examples of meeting any of the
ZEB definitions fully, however Minergie-P also fulfils the requirements for a ZEB depending on
what is encompassed in the balance. The new Passivhaus premium and Passivhaus Plus standards
will also be highly demanding in this regard.

One of the most striking points that comes from the data is that all summed the energy use over a
year and all allow for grid connection. This is obvious in some respects as the climate a building will
experience is cyclical over a year, and studies have shown the cost implications of onsite storage
can be large [48], however this may not be so in the future: It will be interesting to see if buildings
become both producers and storage facilities rather than just consumers and generators.

The life cycle assessment element within the standards and optional assessments also shows a very
clear pattern towards not being regularly applied to real buildings, and this would explain why it is
a much more prominent feature in the optional standards, rather than national building codes.
However the true importance of the life cycle impact of products is only now being fully realised,
and with more tools and information becoming available accounting for it within building projects
will likely increase. However it is at present unclear how embodied energy/carbon or the general
lifecycle of buildings should be treated within a standard. For example, some material choices are
likely to lead to designs which need less frequent repair or decoration, but who within the
framework of any standard would be able or trusted to make such judgments in a fair, accountable
and transparent way? Likewise, the lifetime of some materials is greater than others. For example,
concrete rather than lightweight sheeting, but buildings are often torn down before their lifetime
has been reached; again, how are such judgments to be made within a standard? For refurbishment,
redecoration and maintenance accounting for carbon becomes particularly difficult in a world of
changing carbon intensities of supply, and with a global supply chain. For example, how is one to
estimate the embodied carbon of paint purchased from an unknown supplier in twenty years’ time?
The UK-based Integrated Material Profile And Costing Tool (IMPACT) [49] is being developed to
address these kinds of questions. However, while IMPACT is a method and dataset designed to



perform whole building environmental assessment anywhere in the world, it is acknowledged that
its UK dataset may not be applicable to materials produced locally in other countries [49].

In this study 35 national and independent design standards where considered in detail. Of these 21
are mandatory building standards that are implemented within countries. By cross referencing the
two largest free to access databases of building standards [37,38] a further 35, also non-mandatory,
regional codes can be identified. Figure 4 indicates that there are very large areas of the world that
are not covered by any form of low energy building standard. Most of the rest is covered by a single
standard, which is very unlikely to be zero energy. Only a very small proportion of the world is
covered by very low or zero energy standards. It is clear that the greatest penetration of low energy
standards is in Europe where the majority of countries already have strict national building
standards, but even here the delivery of zero energy buildings has been slow.

Looking at construction worldwide, China is responsible for almost half the world’s new building
activity [50], and if China aspires to Western levels of comfort then this will cause a large increase
in resource demand. India has the third largest building sector (the US has the second) and large
migration from rural areas, which predominately use biomass, to urban areas which are dependent
on oil and electricity - this will further drive increases in energy demand [51]. Therefore while the
focus of defining and constructing low and zero energy buildings tends to be in Western Europe
and the US, the majority of new building activity is in rapidly developing economies where these
concepts are less well developed and almost never implemented.

The IPCC [1, Chapter 9 p4] argue that ‘building standards with strong energy efficiency requirements
that are well enforced, tightened over time and made appropriate to local climate and other
conditions have been among the most environmentally and cost-effective ways to decarbonise
buildings’. Given that in many countries the built environment sector is the largest emitter of
carbon, it is clear that urgent action is needed. Yet it would appear that zero-energy buildings are
nowhere the norm, and in much of the world are non-existent. This is particular so if existing
buildings are considered. Maybe we should not be surprised that adoption by governments, clients,
or industry has been so slow, and it could be argued that the plethora of definitions discussed
above has not helped. It is interesting that the car industry seems to have been far more effective in
making progress. One noteworthy non government-directed recent development has been the use
of occupant/client led definitions of zero energy building standards [52]. These sidestep issues of
national agreement, or buy-in from the construction industry.

It is hence suggested that there is an urgent need for an international focus at the highest level for
the creation of a worldwide definition of a low-energy building that can be adopted by all nations.

5. Conclusion

Buildings are responsible for 30-40% of final energy consumption and reducing this energy
demand would have a significant impact on reducing global carbon emissions. Due to the need for
an overall 80% cut in carbon emissions, and indications that some sectors will find it impossible to
achieve such a cut, buildings are likely to need to move to a zero energy model. However, there is
clearly a very wide range of zero energy/carbon building standards and currently no agreed
standard definition which is globally accepted has been suggested; Passivhaus possibly comes the
closest to one, but is only a low, not zero, energy standard.

From the worldwide picture of the construction of zero energy buildings, there appears to be no
correlation between activity in creating and implementing definitions within building standards
and buildings being delivered on the ground. The focus of this activity is Western Europe and
outside this region many countries are totally inactive in this regard.



This paper argues that while defining what a zero energy or zero carbon building is can be
important and act as a driver for the development of low energy and low carbon buildings, progress
in terms of numbers of buildings built has been small and sporadic. Therefore the impact these high
performing buildings will have on overall global carbon emissions reduction is limited. The
numbers of buildings being developed is relatively small and tends to focus on new build homes in
developed economies. These buildings will remain as exemplars to show what is technically
feasible, but otherwise their impact can be considered small.

Clearly the approach to defining and delivering significantly increased numbers of zero
energy/carbon buildings needs to reflect the different needs in different economies and include
different approaches. For example, in countries with the legacy of an older building stock (primarily
developed economies), the focus needs to shift to retrofit. Whereas in the emerging economies the
focus would be on new build. It is also important to appreciate the need for political will in this
ongoing effort; potentially the biggest driving force for, or against, the development of zero
energy/carbon buildings. For example, in 2007 the UK Government announced that the top level of
the Code for Sustainable Homes would become the domestic zero carbon standard and would be
mandatory for all new build homes from 2016 onwards [53]. However, the burden of financial and
industrial concerns led to the gradual relaxing of this mandatory requirement during the following
years [36,54], and, finally, its complete demise in 2015 [55].

Therefore the focus should be on rapidly agreeing a strong single international building standard
applicable to include both new build and refurbishment that encourages national governments to
build on this universal definition to include other issues. It is argued that given the difficulty of
considering carbon, or embodied energy, these two issues, and others such as transport to and from
the building by occupants, electric vehicle charging etc. should not be considered in any such high-
level definition and rather left to national or local governments.

This definition will not be easy to create. One stumbling block will be how to deal with time varying
building integrated renewables particularly once they form a large fraction of generation. Another
will be how to avoid the performance gap, or whether to make the standard based on performance
rather than prediction to remove the issue. Hence the research focus needs to shift from an ever-
increasing interest in minutiae to thinking about the form of such a pan-world definition. This
needs to be of a form that can be applied as rapidly as possible to the world’s stock of buildings, and
to the new ones that are created as those in poverty gain a first world living standard. There are
estimated to be 190 million buildings within the European Union [56]. This implies that, even if
world population does not increase, then a population-proportional estimate suggests that a
developed world might expect to need 2.77 billion buildings: All zero energy. If this task is going to
be completed within an emission reduction schedule that points to a near zero carbon world in
2080, this implies 43 million buildings need to be built or refurbished to zero energy standards
each year. Without this world carbon emissions will remain high.
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Appendix: Standards around the world

Number of Number of
Country NZE Name of the Standard
. Standards
Buildings

1 | Australia 5 2 Building Code of Australia, NatHERS

2 | Austria 23 1 OIB

3 | Belgium 3 1 PEB

4 | Canada 9 3 Canz.:\(.ia National Energy Code, LEED Canada,
Equilibrium

5 | China 1 1 BEE

6 (lizi)cuhblic 1 1 Czech Republic Building Code

7 | Denmark 10 1 BR10

8 | Finland 3 1 D3

9 | France 19 2 RT2012, Effinergie

10 | Germany 140 3 EnEv, DNGB, Passivhaus
Regulation for Energy Performance of
Buildings (REPB or "KENAK") and

11| Greece 0 1 associated Technical Guidelines of the
Technical Chamber of Greece (TGTCG)
National City Planning and Buildin

12| Hungary 0 1 Requiremen};s' (OTEKg) i

13 | India 1 1 Energy Conservation Building Code

14 | Treland 1 1 Building Regulations: P.art L Conservation of
Fuel and Energy: Dwellings

15 | Italy 8 1 Italian National Code
Japan Energy Conservation Standard,

16 | Japan 3 2 CASBEE

17 | Korea 4 1 Building Design Code for Energy Saving
Reglement grand-ducal modifié du 30

18 | Luxemburg 0 1 novembre 2007 concernant la performance
énergétique des batiments d’habitation.

19 | Lithuania 0 1 Technical Regulation of Construction

20 | Malaysia 4 1 Energy Efficiency Standard

21 | Netherlands 9 1 Bouwbesluit 2012

22 | New Zeeland | 2 1 H1 Energy Efficiency

23 | Norway 2 1 The Planning and Building Act

24 | Poland 1 1 Technical. regulgtions: Energy Savings and
Thermal insulation

25 | Portugal 1 1 RCCTE

26 | Russia 0 1 Thermal Performance of Buildings

27 Slovak 0 1 Act No. 555-2005 Coll. on energy

Republic performance of buildings

28 | South Africa 0 1 South Africa Building Energy Code

29 | Spain 11 1 CET

30 | Sweden 4 1 Boverket's

31 | Switzerland 57 4 {V[Eucgen, Minergie- A, Minergie - P, Minergie

32 | Sudan 1 0 N/a

33 | Tunisia 0 1 Thermal building regulation




Bep-TR (Regulation of energy performance

34 | Turkey 0 of buildings)
Residential and Non-residential building
35 | Taiwan 1 energy standards, Energy Labeling Program,
Green Building Evaluation System
36 | UK 17 Part L, Breem, Code for Sustainable Homes
37 | US 37 IECC, LEED
38 United Arab 1 N/a

Emirates




