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ABSTRACT

A zero-energy building (ZEB), which is an autonomous building energy option, is defined as a building that
produces as much energy as it uses from renewable energy sources at the site. Zero-energy buildings can
exchange energy with the power grid as long as the net energy balance is zero on an annual basis.In terms of
the thermal energy transfer and storage, zero-energy buildings can achieve annual energy consumption levels
down to 0 kWh per square metre through the use of renewable energy sources, which compares favourably
with the passive house energy criteria per square metre. Energy plus houses, in contrast with both the passive
houses and zero-energy buildings, focus on producing more energy per year than they consume, which can
lead to an annual energy performance of -25 kWh per square metre. Zero-energy buildings should have
features like:

i) Enable building ownersto beisolated fromfluctuating energy pricesthrough the on or off-grid renewable

energy supply
ii) Help reduce peak electrical demand by self-supplying energy demands on site
iii) Go hand in hand with the transformation of energy infrastructure and market.

Zero-energy buildings can be achieved by incorporating energy efficiency measures and on-site renewable
energy generation technologies and its energy efficiency measures include: creating a high-performance
building envel ope, installing energy efficient appliances and lights, increasing the use of passive solar cooling
and heating techniques and installing high-efficiency mechanical systems that match the lower energy
requirements of the home. On-site renewable energy generation systems can be available within a building’s
footprint by using PVs, solar hot water and wind located on the building or at the site by means of PVs, solar
hot water, low impact hydro and wind located on-site not on the building.

Zero-energy building is still in the conceptual stage in the Asia-Pacific region. A few pilot projects have been
applied to public buildings, such as research institutes, for demonstration purpose e.g., Sustainable Energy
Technology Centre in China, Pusat Tenaga Malaysia's Zero Energy Office (ZEO) Building and National
Institution of Environmental Research in Republic of Korea.
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1. INTRODUCTION

L arge-sca e shiftsin dominant technologiesarethe
necessary components of a transition towards
sustainability. Such shifts are difficult because, in
addition to technological innovation, they require

changesintheexigtingingtitutions, professond norms,
belief systemsand, insomecases, dsolifestyles. One
way to facilitate this type of learning is through
experimentation with new technol ogiesand services.
Over the past decade, environmentally oriented
innovationsin technology and serviceshaveemerged
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inall areas of the economy, driven by governmental
policies, professional experts, market opportunities
and social movements. The building construction
sector, whereinterest in high performance buildings
hasbeenontherise, isaprimary example. Thisinterest
manifestsitsalf indiverseways, including agrowing
number of so-called green buildingsor zero energy
buildings, mostly inthe public and commercid sectors
andonuniversty campuses. Additionaly, democratic
and federal states, and local governments are
increasingly adopting policies to encourage high
performance buildings, through tax incentivesand
subsidies, expedited permitting, or through adopting
minimumreguirementsin publiccongruction. TheZero
Energy Building (ZEB) conceptisnolonger percaeived
as a concept of aremote future, but as arealistic
solution for the mitigation of CO2 emissionsand/or
thereduction of energy useinthebuilding sector. The
increasing number of ZEB demonstration projects
[1-7] and research interest in the Geld [8-11]
internationdly highlightsthegrowing attention given
toZEBs.

2. ENERGY EFFICIENCY ASA STARTING
BASE

Components of solar houses, passive houses or
whole passive house concepts are a basis for the
energy efficiency in many built examples.
Approximately onethird of theworl dwiderecognized
Net ZEBsusethisideaand lower the energy demand
of thebuildingsindl typologiesequaly by nearly 60%
in comparison to standard buildingswhichwerebuild
according to current building directives. Thiscallsfor
very good insulation, use of passive solar heat gains
and a high compactness. The average surface to
volumeratioisaround 0.6 intheresidential sector
and around 0.3 inthe non-residential sector. Onthe
average, amaximum height of 3 storiesispresentin
theresidential sector and fewer storiesinthe office
building sector. Thelatter isdueto the strong cost

4]

pressureof thismoreenergy intensvered estate sector.
Some measures promote in addition to a reduced
energy demand al so the user comfort. Mechanical
ventilation systems, partially with heat recovery,
advanced day lighting or solar shading devicesare
used nearly as often as solar-thermal domestic hot
water processing or power saving HVA C technology.
Thelatter reducesboth the heat demand and e ectricity
demand. Inaninternationd scope, thisisonly partidly
grasped by construction specifications or energy
directives. Also, theload of e.g. household gppliances
or office equipment is not illustrated in these
regulations, however, itispresent inmost of the Net
ZEB balances. A restriction on partial sectorsof the
consumption preventsthe continuousexaminationin
practice and extracts essential parts of the
consumption fromits necessary optimisation. The
consumption should be measured furthermorewith
renunci ation of overd zed meter equipment. Theannua
measurability of energy consumptionisan excellent
aspect of thenet zero energy principle. By including
the electricity consumption, the need to reducethe
electrical demands is evident. Nevertheless, it is
obviousthat thisishard to achievein practice. Sparing
equipment in officesor flats, aswell asLED lighting,
have beenrealized only in casesin which usersand
ownersarethe sameauthority. Inthisconsumption
sector, further savings potential ispresent.

As mentioned, the ZEB concept is the future
internationa goal, however in order to progresswith
thisaim thereisagenuine demand for acommonly
agreed framework for definition and calculation
methodology. This paper first gives an overview
of existing ZEB definitions with highlighting the
most important aspectswhich should be discussed
before devel oping new ZEB definitions. Andfinaly,
the paper attemptsto provide somerecommendations
on the direction the development of afuture ZEB
definition and calculation methodology should
proceed.
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3. THE CONCEPT AND DEFINITIONS

In concept, aNet Zero Energy Building (NZEB)
isabuildingwith greetly reduced energy needsthrough
efficiency gains such that the balance of the energy
needs can be supplied by renewable technologies.
A good NZEB definition shouldfirst encourageenergy
efficiency, and then use renewabl e energy sources
availableonsite. A building that buysall itsenergy
fromawind farm or other central location haslittle
incentiveto reduce building loads, whichiswhy we
refer tothisasanoff-9teNZEB. Efficiency measures
or energy conversion devices such as daylighting
or combined heat and power devices cannot be
considered on-site productioninthe NZEB context.
Fuel cellsand microturbinesdo not generate energy;
rather they typicaly transform purchased foss| fuels
into heat and electricity. Passive solar hesting and
daylighting are demand-sidetechnologiesand are
consdered efficiency measures. Energy efficiency is
usualy availablefor thelifeof the building; however,
efficiency measuresmust have good persistenceand
should be*“checked” to make surethey continueto
saveenergy. Itisamost dwayseaser to saveenergy
than to produce energy.

A zero energy building can be defined in several
ways, depending on the boundary and the metric.
Different definitions may be appropriate, depending
on the project goals and thevalues of the design
team and building owner. For example, building
owners typicaly careabout energy costs. A building
designer may beinterested in site energy use for
energy code requirements. Finaly, those who
are concerned about pollution from power plants
and the burning of fossil fuels may be interested
in reducing emissions. Four commonly used
definitionsare: net zero siteenergy, net zero source
energy, net zero energy costs, and net zero energy
emissons

Each definition usesthegridfor net useaccounting
and hasdifferent gpplicablerenewableenergy sources.
The definitions do apply for grid independent
gructures.

3.1 Net Zero Site Energy

A siteZEB producesat least asmuch energy asit
usesinayear, when accounted for at the site.
3.2 Net Zero Source Energy

A source ZEB produces at |east asmuch energy
asit usesinayear, when accounted for at the source.
Source energy refersto the primary energy used to
generaeand deliver theenergy tothesite. Tocdculate
a building’s total source energy, imported and
exported energy ismultiplied by the gppropriate Ste-
to-sourceconversonmultipliers.
3.3Net Zero Energy Costs

In a cost ZEB, the amount of money the
utility pays thebuilding owner for the energy the
building exports to the grid is at least equal to
theamount the owner paysthe utility for the energy
servicesand energy used over theyear.
3.4 Net Zero Energy Emissions

A net-zero emissionsbuilding producesat least as
much emissons-freerenewableenergy asit usesfrom
emissions-producing energy Sources.

Torcellini, Pless, Deru, & Crawley [12] indicate
that the unit applied in the ZEB delnition can be
inOuenced by (1) the project goals, (2) theintentions
of theinvestor, (3) the concerns about the climate
and greenhousegasemissonsand (4) theenergy codt.
Therefore, they proposefour diferent ZEB delinitions:
steZEB, source ZEB, emissonsZEB and cost ZEB,
respectively. Theauthors point out advantagesand
disadvantages of each of the delnition i.e. easy
implementation of ‘ zeroSteenergy’ and ' zero energy
costs dedinition, moreinternational and not regional
feature of ‘zero source energy’ definition and
calculation complexity of ‘zero energy emission’
definition. Theproposed digtinction between different

[145]

copyright © samriddhi, 2010-2014

S-JPSET : ISSN : 2229-7111, Vol. 5 (Special Edition-I1)



All India Seminar on Sources of Planet Energy, Environmental & Disaster Science: Challenges and Srategies (SPEEDS-2013)

metricsisbrought up and further discussed inanumber
of publications[4,13-16]. Kilkis[20] statesthat the
metric of the balancein the ZEB definition should
address both the quantity aswell asthe quality of
energy, if wewant to assessthe complete building’s
impact onthe environment. Therefore, he proposesa
new definition for theterm ZEB, in particular anet
zeroexergy buildingand definesit as* abuilding, which
hasatotal annual sum of zero exergy transfer across
the building-district boundary in adistrict energy
system, during all eectric and any other transfer that
istaking placeinacertain period of time’. Mertz et
al. [17] and Laustsen [18] distinguish only two units
of the balance: emissions and energy, however,
without specifying delivered or primary energy. The
definition of ‘Near Zero Energy Building’ fromthe
EPBD [19] isclear and usesthe primary energy as
themetricfor theenergy baance.

Designing abuilding in such away that energy
efficiency and on-site production convert it froman
energy consumer to an energy producer liesat the
heart of the zero-energy building (ZEB) concept. The
concept is being researched at the National
Renewable Energy Laboratory (NREL) through
Building TechnologiesProgram (BT)-funded research.
NREL selected photovoltaic (PV) power systemsas
the technology for on-site production because the
roofsof virtualy al commercia buildingsareviable
Stes.

4. WORLDWIDE SURVEY ON NET ZERO

ENERGY BUILDINGS

During thelast 20 yearsmorethan 200 reputable
projectswith the claim of anet zero energy balance
havebeenredized dl over theworld. The number of
finished buildings per year hasrisen continuoudly. In
the beginning, extreme pioneering exampleswere
realized by researchers. Withinashort time, thefirst
small net zero energy residentia buildingswerebeing
built by ecologically enlightened developers and
146

architects. They wereofteninspired by funded solar
electricity generation and demonstrated a direct
advancement beyond the then recently devel oped
passivehouse concept. Withtheincreasein avail ability
of efficient technical solutions, bigger and moreenergy
intensive building typologies have been built asNet
ZEBssince 1998. Private building owner aliances
and house building societies haveimplemented Net
ZEB apartment housesand small settlements. Their
focushasbeen threatening resource shortage, climate
protection aswell asthe avoidance of rising energy
costs. Inaddition, architects used the concept of zero
energy buildingsto positionthemselvesin theformer
niche and now current boom branch of “high
performancebuildings’, “ green buildings’ and even
“zeroenergy buildings’. Medium-sized enterprises
andred estate companiestook up theincreasing hype
inthesector of “green” buildings Toimprovetheimage
of thecompany or to offer real estate’ smoreattractive
thanitsopposition, they havebuilt Net ZEB factories,
office buildingsand apartment houses. Often these
buildingsarecertificated and equipped with sustainable
technologiesor materids. Nearly every tenth Net ZEB
Is also distinguished with a LEED-, DGNB-,
Minergie-P, BREEAM- or asmilar certificate. This
showsthe marketing strategies of these companies.
Thefirst large scale enterprisesto becomeinvolved
(Burger King, WalMart) are not known primarily for
sustainable buildings but hope for competitive
advantagesfrom a“green” imageimprovement. To
date, most finished Net ZEB projectswererealized
and originatein northwesterly situated countriesand
climates. Availability of economic resources, ahead
start inthefield of technol ogies and knowledge of
their energy and climate problem forcethesekinds of
projects, even if the climatic conditionsin central
Europeand North Americaseem|lesssuitablethanin
milder dimates. Thedigtribution of U-vauesof exiding
Net ZEBsin different climatesshowsthat much more
expenditure must beraised for thebuilding cladding
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because of comfort and physical needsinthesearess.
Besidethe passive house concept, abig pool of single
measures concerning energy conservation can be
found. | solated measures are combined in integral
draughtsdueto special exigencies. Besides, not all
these measures have direct influence on the
architecture of the buildings. The objection that
efficient material and technologies are often not
compatibleto original design draughtsisvalid only
partialy. A great variety in possibilitiescan befound
intheyet built projects.

5. CONCLUSIONS

Energy efficiency improvementsthat usethe best
availabletechnologiesand practicesand integrated,
whole-building design approaches can, on average,
reduce consumption by 43%. Reducing consumption
through energy efficiency isimportant inthe ZEB
context because it requires much less PV to reach
net-zero. Themain reason buildingsfailedto reach
zerointhisstudy wasthat they had toollittleroof area
to accommodate PV. Achieving the ZEB goal ona
given building project dependson four characterigtics.
(2) number of stories; (2) plug and process|oads; (3)
principal building activity (PBA); and (4) location.
Egtablishaformal and clear definitionof aZEB. This
study used net Siteenergy of zero or less(lessinthis
context meansthat the building producesmoreenergy
than it consumes) within the building envel ope. We
favor thisdefinition becauseit isverifiableand does
not require complicated conversion factors to be
devel oped and maintained or energy systemsto be
included outsdeof buildings. However, therearepros
and consfor all the possible definitions of ZEBs,
including net zero sourceenergy, net zero energy codts,
and net zero carbon emissions.

» Establish astrategy for selecting subsectorson
whichto focusbased ontwo priority criteria: (1)
how easily the ZEB goal can bemet and (2) how
much sector energy can be reduced. The

warehous ng subsector offersthe best opportunity
in both criteria because warehouses are often
single-story buildingswith low plug and process
loads. Educationa and office buildingsrepresent
agood opportunity to reduce overall energy use.
The service and retail subsectors are the next
biggest opportunity.

Develop a targeting strategy for selecting
technology areas on which to focus based on
different priority criteria: (1) how significant the
savingspotentid isfor current practiceand (2) how
significant the savingspotentia isfor ZEBs. For
ZEB commercia buildings, current research
programsfor lighting and dynamicwindowsshould
be augmented with efforts to improve thermal
insulation levels, increase the efficiency of
appliancesand HVA C components, and promote
publication and adoption of aggressive energy
standards such as BSR/ASHRAE/USGBC/
IESNA Standard 189P. Daylighting technology
should not be neglected becauseit hasrelatively
low technical risk (compared to advanced lighting)
and becauseit can have apowerful positive effect
insome building types (daytime operating hours
and much of theregularly occupied floor plate
within 20 feet of an outside surface) and on
productivity and health. Though not modeled
directly inthisstudy, attaining performancelevels
suggested by themodeling resultswill also depend
on success in the areas of integrated design,
controls, commissioning and operation.

Develop and maintain a set of standardized
benchmark building definitionsand model sthat
offer cons stent methodsfor measuring progress.
Thesebuildings should focuson ZEB issuessuch
asthe solar resource (rather than just efficiency)
andincludeardatively smal number of modelsto
enabl e technol ogies and practicesto be studied
cost effectively at thenationd level.
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* Improvethe accuracy of input dataon plug and
process|oads and schedules. Theresults show
that in future ZEBs, plug and processloads are
expected to be the largest energy end use;
however, few hard dataare avail able about them.
Researchisrequired to collect submetered data
that go far beyond those obtained by CBECS.

Theattention given to the Zero Energy Building
concept increased during the last years. Many
countrieshavedready established ZEBsastheir future
building energy target. Among different strategiesfor
decreasing the energy consumption in the building
sector, ZEBs have the promising potential to
significantly reduce the energy use and aswell to
increase the overall share of renewable energy.
However, in order not to fall short of expectation,
thereisaneed for commonly agreed ZEB definition
framework and a robust ‘zero’ calculation
methodology. This framework should alow for a
variety of solution setsand not focusonly on PV based
solution sats, asthisstrategy ismainly addressng small
and new buildings.

This paper presented aliteraturereview of ZEB
definitions and proposed energy calculation
methodologiesfor ZEBs. The ZEB definitionsare
expressed with awiderange of termsand phrasesin
theliteraturewhereasthe cal cul ation methodol ogies
aremore cons stent and have acommon framework.
Based on theliterature review, the paper identified
and presented a set of parameters that differ
between ZEB definitions and which should be
elaborated before defining a harmonized ZEB
understanding.
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