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ABSTRACT

With the increasing awareness of sustainable dpugdat in the construction industry, implementatén
an energy rating procedure to assess buildingsderhing more important. The most representative
building environment assessment schemes that arseitoday are Leadership in Energy and
Environmental Design (LEED), Building Research BE&ment Environmental Assessment Method
(BREEAM) and Green Star. This paper aims to foqushe investigation of energy performance
assessment for new office buildings within the LEBREEAM and Green Star schemes. A review of
the three schemes with regards to their assessmahbds, scopes, performance criteria and energy
rating scales are presented. A computational siioalausing software IES Virtual Environment has
been conducted to quantitatively benchmark theggneting method under the three schemes. The
selected case study building was a typical open-pifice building located in Dubai. Through thisidy,
an attempt is made to make clear how building gnpegformance is assessed and therefore awarded
with energy credits under the LEED, BREEAM and @Gr&¢ar schemes.
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1. Introduction

Today, a great deal of effort is placed allrabe world in achieving sustainable developmerihe

construction industry with the aim of reducing egyeconsumption in both the construction and

management of buildings, thus limiting its consewas on the local and global environment. Suchreffo
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can be seen at national and international levetls tlie launching of voluntary building environmdnta
schemes to measure the performance of buildings nTdst representative and widely used schemes are
Leadership in Energy and Environmental Design (LEEuilding Research Establishment
Environmental Assessment Method (BREEAM) and Gi&&m. LEED was developed by the U.S. Green
Building Council (USGBC) and is nationally accepteda benchmark for green building practices.
BREEAM was launched by the U.K. Building Researshalishment (BRE) and is adopted by the U.K.
government as a measure of best practice in emaatal design and management. Green Star was
launched by the Green Building Council of Austrgi&BCA) and is established as a national guide to
evaluate the environmental design and achievenaésildings. All three schemes are based on agati
system of collecting credits that applies to a walege of building types, both new buildings anibixg
buildings. All cover a range of environmental isssach as materials, energy, water, pollution,ando
environmental quality and building site. One of orant credits throughout all the three schemes;iwh

is also the essential factor in the overall efforachieve sustainable development, is the consampt
energy or resulting carbon emissions in buildings.

It is clear that a robust and credible buiigénvironmental assessment scheme will play a deyim
assessing building energy performance. This isaalpeso for countries that do not have their own
schemes and meanwhile undertake energy assesdordmtiidings. Therefore, it is necessary to
understand the different schemes in terms of eegessment methods, scopes, performance criteria an
credit scales. There have been some studies [&rded out to try and benchmark the building
environmental schemes that are currently in useghier their research outcome are either qualitative
regional. Lee et al. [1] compared the baselinedins, performance criteria, credit scales and kition
tools between the schemes of LEED, BREEAM and HKABHHong Kong Building Environmental
Assessment Method) based on a statistical enesgpgaisient analysis, while Asdrubali et al. [2]
conducted a comparative study of energy regulafioniuildings in Italy and Spain based on a
semidetached house. Lamberto et al. [3] assesesazhérgy performance of a single-family houseatylt
based on three different reference standards varetthe CEN-Umbrella prEN 15603 clause 7, the
EN832 standard, and the CEN-Umbrella prEN 15316-&kN15217and prEN 13790 standards.
Hernandez et al. [4] investigated the energy peréorce benchmarks and building energy ratings by

using both calculated and measured rating methasksdoon a sample Irish school.



In this study, focus was given on the energygomance assessment of new office buildings within
LEED, BREEAM and Green Star. A review of the theebemes with regards to their assessment of
building energy performance was presented. To ketalguantitatively benchmark the energy rating
methods under the three schemes, a case studydrasetypical office building was undertaken byngsi
computational simulation. The program selectegnforming the compliance simulations was the IES
Virtual Environment (VE). The case study officeldinig was chosen to be located in Dubai, as cugrent
it does not have its own assessment scheme amdighttpredominantly using LEED is believed to be
flexible in the use of either of the three assesgameethods afore mentioned. Through this exerdise,
seeks to make clear how the building energy perdioica is assessed and therefore awarded with energy

credits under the LEED, BREEAM and Green Star s@sem

2. Overview of energy assessment methods

LEED, BREEAM and Green Star are performancestyasredit-rating assessment schemes; however
they differ significantly in assessment methodpsgcand criteria with regards to the energy perforrea
rating. Table 1 shows the general comparison betwaeh assessment scheme. In the following section,

key features of the energy rating method in allttitree schemes are reviewed.

2.1 LEED scheme

LEED is the most widely recognised building ironmental assessment scheme. The registered
projects have covered 24 different countries [He Turrent version for new construction is LEED-NC
v2.2, which is based on a set of prerequisitescaadits. Each credit refers to one of the following
aspects. These are sustainable sites, water afficienergy and atmosphere, materials and resqurces
indoor environmental quality, and innovation & dgsprocess. One point will be awarded to each tredi
when the requirement are met except for the engegiprmance credit and the renewable energy credit
in which a number of points will be awarded to eardit depending on by how much performance
improvement is achieved. This counts towards tte szoring system. There are up to 69 pointsdhat
be achieved. Based on the awarded points, thelfearéevels the buildings can qualify, which are

Certified (26-32 points), Silver (33-38 points), I6¢39-51 points) and Platinum (52-69 points).



There are two approaches to assess buildinggperformance known as Credit EA1-Optimmize
Energy Performance. The first is the PrescriptieenBliance Path, which allows certain projects to
achieve up to 4 points when they meet the presegipteasures of the ASHRAE Advanced Energy
Design Guide for Small Buildings 2004. The otheprayach is the Whole Building Energy Simulation,
which allows up to 10 points when the building deisteates improvement on energy cost against a
normalised building. For both approaches, the assklsuilding needs to meet a minimum performance
level, which is 2 points.

The Whole Building Energy Simulation, which otsifor 14.5% of the total scheme points, requires
the use of a simulation program that can perforanrttal analysis to the specifications that are diiain
by ASHRAE Standard 90.1-2004 [5] appendix G th&niswn as Performance Rating Method (PRM).
The method specifies that two types of building eisdire created. The first is the proposed building
model and the second is the baseline building mddte that the baseline building needs to be get u
with orientations of 0, 90,180 and 270 degreesaasyely in order to normalise the self-shadingeff
Table 2 shows the main requirements for settinthape two building models. The energy rating is
calculated based on the annual energy cost of mgrthie proposed building against the average annual
cost of running the baseline building by using attates for purchased energy or State averaggener
prices, as displayed below.

% of improvement=100 x [1-(Cost of Proposed/Averggst of Baseline)]

Table 3 lists the credit points that are relatethéopercentage of improvement.

2.2 BREEAM scheme

BREEAM is the most widely used building envinoental rating scheme in the U.K. Although it is a
voluntary standard, the energy performance assessadepts the U.K. Building Regulation as a
benchmark to rate the level of performance imprammThe latest version for office buildings is
BREEAM Offices 2008. There is also a new BREEAMehmational that is currently under development
for the use in regions Gulf [6] and Holland [7]n#lar to the credit rating system in LEED, BREEAM
Offices 2008 defines categories of credits accgrdiinthe building impact on the environment inchgli
management, health & wellbeing, energy, transpaater, materials, waste, land use & ecology and

pollution. There are up to 102 credits availablee Total score percentage of an assessed buikling i



calculated based on the credits available, numberedits achieved for each category and a weightin
factor. According to the score percentage, thealvperformance of the building can be categorased
Unclassified (<30%), Pass30%), Good (45%), Very Good (55%), Excellent (70%) and
Outstanding (85%). For each category, there are a minimum numiberedits that must be achieved.
The energy assessment in BREEAM is referrexstGredit Ene 1-Reduction of CO2 emissions. It
allows up to 15 credits to be achieved when thesszsl building demonstrates an improvement in the
energy efficiency of the building fabric and buidiservices. This counts for 14.7% of the totaksoh
credits. The energy performance of the buildinghiswn as a C&based index. The number of credits
achieved is determined by comparing the buildif@® index taken from the Energy Performance
Certificate (EPC), with the table of benchmarkslkaswn in Table 4. The EPC is generated based on the
U.K. National Calculation Methodology (NCM) [8]. provides an energy rating for the building ranging
from A to G where A is very efficient and G is tleast efficient. To be able to set up the assetgatwo
building models need to be created, which are ¢theahbuilding and the reference building. The isse
rating is then calculated as the ratio of the,€@issions from the actual building to the Standard
Emission Rate which is determined by applying adixnprovement factor to the G@&missions from

the reference building. Table 5 shows the mainireqents for setting up these two building models.

2.3 Green Star scheme

Green Star is the most followed voluntary dini§y environmental assessment scheme in Austitlia.
was developed to accommodate the need of buildinigst climates where cooling systems and solar
shading are of major importance. It has also beleptad in New Zealand and South Africa [9]. The
current version for new offices is Green Star-Qffacs Design v3. Similar to LEED and BREEAM, Green
Star uses the credit rating system based on a ewofilpoints allocated to the credits in order to
determine the total scoring and hence the levekdification. There are up to 142 points that ban
achieved. The score is determined for each catdgasgd on the percentage of points achieved véreus
points available for that category. Not all thedit® are available for every project, which makes t
scoring system flexible for each project. The dsedre organised in the following aspect of theédinug
and process: management, indoor environmentaltguatiergy, transport, water, materials, land use &

ecology, emissions, and innovation. The buildindiieation is then expressed as a number of staf:



Stars (10-44 points; not eligible for formal cedétion), 4 Stars (45-59 points; Best PracticeJtars
(60-74 points; Australian Excellence) and 6 Sta®5(points; World Leadership).

The energy credit in Green Star, known as Ctedé-1 of Greenhouse Gas Emissions allows up to 20
points to be awarded based on the greenhouse perfice of the rated space, which counts for 14.1% of
the schemes total score. Table 6 shows the creiitspthat are related to the predicted greenhgase
emissions. There are two methods to calculate ribdiqgied greenhouse emissions. The first is tahese
Green Star Energy Calculator which is currentlynggiiloted and the other is to use a software jrogr
to perform an energy modelling calculation that pbes with the requirements and verifications dethi
in the NABERS (National Australian Built EnvironnteRating System) Energy methodology [10]. The
methodology includes two approaches to the enextjyg, which are NABERS Energy Whole Building
rating and NABERS Energy Base Building rating. Tdtéer is adopted by Green Star for the energy
assessment.

The NABERS Energy Base Building rating rates gheenhouse performance of the landlord operated
services in an office building. A base building mbdith a good representation of the building’s sibgl
shape is to be created to assess the energy cotigungimulation input parameters need to follow th
requirements that are laid down by the NABERS Eyengthodology. Table 7 lists the key elements of
the simulation input for the base building moddieTotal greenhouse gas emission is determineleby t
energy consumption, the rated area and a GreenlBas€oefficient. The rated area is based on tlhe Ne
Lettable Area (NLA) which excludes areas that avedaifices or supporting the office, or not readuga
comparable to typical office spaces. The Greenh@aseCoefficient takes into account the total
emissions embedded in the energy consumption ofriei¢y or gas.

From the review above, it can be seen thabafih the three schemes differ in their scoring eatigey

all have the similar percentage allowance for thergy performance assessment.

3. Methodology

3.1 Computational simulation

To assess building energy performance and leddcthe corresponding energy rating credits in DEE

BREEAM and Green Star schemes, a computationallatrao method was employed. There are many



building energy simulation software available odeag's market, however, the software that suits the
purpose of the study needs to comply with all gguirements of the three schemes.

LEED recognises software that is capable digpering both load and dynamic simulations and being
able to determine the performance of both the peg@nd baseline buildings, as well as modelling
building components. It also needs to be approyetthd rating authority. Green Star recognises
simulation packages that must either have passeBESTEST validation test, or be certified in
accordance with ANSI/ASHRAE Standard 140-2001 aroggan Union draft standard EN13791 July
2000. In BREEAM, there are two classes of appraadtivare for energy performance assessment. The
first is the approved software that interfaces i Simplified Building Energy Model (SBEM) engine
and the other is the approved Dynamic Simulatiord®liing (DSM) tools. As a result, software IES
Virtual Environment 5.9 was selected for this stadyit meets all of the requirements of the three

schemes.

3.2 Case study building

The case study building was intended to beaissprtative as well as to allow the key assessment
criteria aforementioned of the three schemes taslsessed. The building model was created as an eigh
storey building with open-plan offices. The builgialso included a three-storey car parking aregtita
into its main structure as shown in Fig.1. Thedini) had multi-thermal zones comprising office spac
data centre, changing and shower areas, toileggaoservice/plant areas, elevators, circulatreasaand
car parking areas.

The total floor area of the building was 31394f and the Net Lettable Floor (NLA) area was 9500
m?. The total building height was 36.7m and the flamfloor height was 3.8m including a ceiling vaiti
0.45m deep. The HVAC system that was proposed assarfully air conditioned plant for the building.
The air conditioning system is based on a typiealkmlised Variable Air Volume system. Fig.2 shows

the plan view of the third floor, which represetits typical layout as that of the floors above.

3.3 Weather data



The case study office building was chosen ttobated in Dubai, as it currently does not haseiwn
assessment scheme and although predominantly LEIED is believed to be flexible to any of the three
assessment schemes. It can be seen in Tablen@,Athat LEED requires hourly weather data that be
represent the climate at the building location sthidreen Star requires ACADS-BSG/CSIRO Nominated
Test Reference Year weather data for the nearagtable climatic weather station. BREEAM adopts
CIBSE Test Reference Year data sets. Therefoilgg tble to accurately conduct energy performance
simulations under all three schemes a test refergear weather data of Dubai is preferred. However,
such weather data has not yet been made availdeefore, in this study, hourly semi-synthetic

meteorological data generated by METEONORM 6.0 fdd Pubai was used.

3.4 Energy rating calculation

The study focused on the investigation of epagsessment criteria of three representative ingild
environmental assessment schemes: LEED, BREEAM=aadn Star, and their energy credit scales
based on the open-plan office model developeddratiove section. Simulation models were prepared,
respectively for each of the schemes. A proposédibg model and four baseline building models with
orientations of 0, 90, 180 and 270 degrees wereldpgd complying with specifications of the LEED
scheme, as shown in Fig.3. Two building modelsctdi@ building and reference building were created
under the BREEAM scheme (see Fig.4). A base byjldiodel was developed for Green Star scheme, as
shown in Fig.5. To be able to compare the enertyygaredits between the three schemes it was
necessary to benchmark input parameters which atneed to be taken from the proposed design
figures for all the simulation models mentionedahadrable 8 lists the input data of envelope, imaér
loads, domestic hot water service and HVAC systehtise simulation models. By simulating annual
energy use and calculating the corresponding €fiissions and energy cost, the number of credits
awarded by each scheme was accordingly deternmiigd. illustrates the structure of the simulation

methodology that was used for energy rating.

For ease of comparison a basic HVAC and lightirsgesy was used in the simulation for all three
schemes. Therefore, the assumptions that were arade
There was no renewable technology applied.

The heat rejection energy consumption was takeeias



There were no lighting controls such as a dimmisiesn applied.
The Greenhouse Gas Coefficient was assumed talBékyCQ/kWh for Dubai [12]

The average energy price in Dubai was assumed 8$t&Vh [13]

4, Results and discussion

The simulation results of the energy ratingdpreed by LEED, BREEAM and Green Star schemes for
the case study office building are presented irler@blt can be seen that in the LEED scheme the
calculated annual energy consumptions of the pegpbsiilding and the baseline building were 2525.78
MWh and 2761.86 MWh respectively, which led to &%.improvement. According to Table 3 this
percentage improvement is below 10.5%, which ishheshold for the minimum point to be awarded.
Therefore, the case study office building failedb#&LEED certified.

Following the BREEAM scheme, based on the an@@ emissions from both the actual building and
reference building, the energy performance assegravas calculated as 49, as shown in Fig.7. Fitwm
certificate, the rating obtained belongs to catgd®energy efficiency, and this would be awardethvi
BREEAM credits out of the 15 that can be achieved.

Finally, with the Green Star scheme the catedlannual energy consumption from the base bgjldin
model was 891.57 MWHh. It is noted that this figizeelatively low compared with the energy figures
predicted by the other two schemes. This is dubdaaalculation methodology employed in the Green
Star scheme that the energy consumptions fronetienty lighting and equipment are excluded from the
total energy consumption figure that is used ferehergy rating. The total annual energy consumptio
was then normalised to the greenhouse gas emilsgiosing the Dubai local conversion factor. Based o
the predicted greenhouse gas emission value whishAtkgC@m?, the case study office building
achieved 11 points out of 20.

As shown above, it can be seen that the restitte energy performance of the building andréiang
obtained are strongly dependent on the assessoteihe used. The case study office building recedved
high energy rating score in the Green Star schentea low energy rating in BREEAM and it even fdile
to be certified in the LEED scheme. Given thatttiree schemes are based on different energy

assessment methods and performance criteriandtisurprising that the energy rating results diffe



To take a closer look at the results, Tablsldws the energy use breakdown between the three
schemes. It can be seen that the internal loads ifiterior lighting and equipment are at relatively
similar levels between the LEED and the BREEAM soég. There does not seem to be much
performance improvement between the proposed anbaseline, the actual and the reference building
respectively. The Green Star scheme predictedtblighiferent results as these two figures werestak
from the default values specified by the NABERS ifggenethodology.

Elevators and escalators seem to have litifmonhon energy improvement in the LEED scheme as
they were equally considered in both the proposetbaseline building models. Green Star predicted
much higher energy consumption from the elevatodsesscalators. This is due to the fact that a fixed
default figure of 8 kWh/based on the Net Lettable Area (NLA) was specificcalculating the lift
energy.

When looking at the total auxiliary energy figs between the three schemes, it is noted thia ihan
18% improvement made from the proposed buildingmamed to the baseline building in the LEED
scheme. For the BREEAM scheme there was a signifitifference between the two auxiliary energy
values, which were 154.18 MWh for the actual buigdand 21.37 MWh for the reference building. This
significant difference between the two values was t the fact that the figure for the actual baidd
was calculated based on the design value, whastdference building used a fixed default valug itha
specified by the NCM methodology.

There are also similarities in the predictedcgpcooling energy consumption between the LEED and
the BREEAM schemes. The space cooling energy figinmn the Green Star scheme is however slightly
lower. It is worth mentioning that the simulatiohtibe HVAC system is of great importance to therggpe
rating in the three schemes. In the Green Stamsetibe HVAC system counts for 65% of the total
energy consumption. Little changes or improvemérasare made in the system will bring a direceetff
on the final score. In addition, both the LEED &nel Green Star schemes promotes innovative HVAC
technologies and detailed HVAC networks to be satad, therefore, a well-designed and highly-

efficient HYAC system will be rewarded in these mgyeratings.

5. Conclusions



A computational simulation study was carried touguantitatively benchmark three representative
building environmental assessment schemes: LEEIEB® and Green Star with regards to the energy
performance assessment. Based on the simulatioltsré@scan be concluded that the energy performanc
of a building and the corresponding energy ratibgimed are strongly dependent on the assessment
scheme used. Given that the three schemes are baskffierent energy assessment methods and
performance criteria, it is not surprising to fithct the case study office building received a lEghrgy
rating score in the Green Star scheme, but a l@sggrrating in the BREEAM scheme and it failed & b
certified in the LEED scheme.

It can also be concluded that the HVAC systetné most heavily-weighted variable in the energy
assessment of the three schemes. Both LEED andh Gtaerequire the full configuration of the HVAC
network to be simulated. This allows assessoredognise the specific areas of the model or var&gabf
the system that can be improved despite the coatfits involved with modelling.

Finally, it is noted that both the LEED and BREM schemes take into account quite a large number
of parameters for assessing the building energyppeance based on two comparable building models.
On the contrary, the Green Star scheme prediastdénergy consumption from one single building
model based on fewer parameters to be assesseafptiee any changes that are made can have a
considerable impact on the final energy rating ssor

The results of the work can provide useful infation for future development in a generic buitgin

environment assessment scheme to facilitate intierred comparison.
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Fig.1 Geometric representation of the case studglibg (north-east view)



Fig.2 Plan view of the case study building modug, third floor.

(a) Proposed building model (b) Baseline building model

Fig.3 Energy model 3D view of the proposed and lo@séuildings for LEED scheme

(a) Actual building model (b) Reference building model

Fig.4 Energy model 3D view of the actual and reafeesbuildings for BREEAM scheme



Fig.5 Energy model 3D view of the base building®een Star scheme
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Fig.7 Energy Performance Certificate (EPC) ratiogtfie case study office building

Table 1 General comparison between LEED, BREEAM@rekn Star schemes

LEED BREEAM Green Star
Assessment method Performance Rating MethttK National Calculation National Australian Built
(PRM) based on ASHRAE Methodology (NCM) based onEnvironment Rating
90.1-2004 Appendix G Approved Document PartL2A System (NABERS)
Energy methodology

Scope of assessment % of improvement basedEnergy Performance Predicted greenhouse
on annual energy cost Certificate (EPC) rating: CO gas emissions
based index
Simulation tool Software approved by the - Approved software Software must meet the
rating authority and subject interfaces to SBEM method requirements laid down
to requirements specified in -Approved Dynamic in Green Star Office
ASHRAE 90.1-2004 Simulation Modelling Design Tool.
Appendix G software
Max. credit level performance 10 points for over 42% of 15 credits for zero CQndex 20 points for zero
based criteria improvement. (Net Zero CQ emissions) + 2 Predicted Greenhouse
exemplar points for Gas Emission (Carbon
innovation Neutral).
Min. credit level performance 2 points minimum for 14% 1 credit for 63 C@index Conditional Requirement
based criteria of improvement; is 110 kgCQ/mPlyear
Energy performance related 14.5% of total available 14.7% of total available 14.1% of total available

credits/points (%) points credits points




Table 2 Summary of guidelines of setting up theppeed and baseline building models

Performance Rating Method (PRM)
Proposed buildin Baseline buildin

Weather file

Hourly weather data that best reprsséne climate at the construction site. The
selected weather data shall be approved by thegratithority.

Geometry

Same as design Same as design except:
-Vertical fenestration: Max. 40%
window-to-wall ratio distributed in the
each facade.
-Skylight area: max. 5% skylight-to-roof
ratio.
-Orientation: Creating 4 baseline buildi
models by rotating the entire proposed
building model to 0, 90,180 and 270
degrees and then averaging the results.

Solar shadin

-External shading devices and ¢ No consideration for any shading devi
obstructions are modelled,; and site obstructions.

-Manuel fenestration shading devices

such as blinds or shades shall not be

modelled, but automatically controlled

shades and blinds may be modelled.

Zoning requiremel

Both proposed ar baseline building models need to follow certairrithel zoning
rules depending on whether HYAC zones are designeot.

Material & Constructio

-Same as design, but if materials -External constructions need to confc
constructions used are not listed in  to specified U-values based on the
ASHRAE 90.1-2004 Appendix A, it needs touilding type, space type, fenestration
inform the rating authority. area and climate zone.

-Identifying cool roofs. -No consideration of cool roofs.

Room dat

- Lighting power is determined based chighting power shall be determint
whether the lighting system exists,  using the same categorization procedure
designed or specified. ar_1d c_ategories as the proposed design
with lighting power set equal to the max.
allowed for the corresponding method
and category in ASHRA®.1section 9.2.
-Miscellaneous equipment and occupancy gains beadistimated based on the
building type or space type and are identical mppsed and baseline building
designs.
-Schedules of occupancy, lighting power, equipnpenter and HVAC operation
system are the same as design for both the propogktdaseline models.
-Temperature and humidity control set-points shalthe same for proposed and
baseline building models.

HVAC system

HVAC system is determined based otHVAC system has to use a specified
whether the system exists, designed osystem type mainly based on building

specified. type, fuel type, floor area and building
height.

Hot water systel -Same as the actual system when -Same as the actual system when
water service system exists water service system exists
-Same as design when the system is -It shall match the min. efficiency
specified requirements when the system is specified
- Matching the system used in the -It shall use electrical-resistance system
baseline model when the system hasndand match min. efficiency requirements
been specified. when the system has not been specified.

Infiltration & Ventilation

Infiltration rate is thesame as design and minimum outdoor air ventilaiides are
the same for the proposed and baseline buildingyuies

Renewable

Yes No




Table 3 Points awarded for Credit EA-1 of Optimizgergy Performance for LEED-NC v2.2

Percentage of

LEED Points improvement on cost
(New Build)
1 10.5%
- 2 . 14.0 %
(Conditional requirement)
3 17.5%
4 21.0%
5 245 %
6 28.0%
7 31.5%
8 35.0%
9 385 %
10 42.0 %

Table 4 Credits awarded for Credit Enel of ReductibCG, Emissions for BREEAM 2008 New

Offices

BREEAM Credits C©2index (EPC Rating)

(New Build)
1 63
2 53
3 47
4 45
5 43
6 40
7 37
8 31
9 28
10 25
11 23
12 20
13 18
14 10
15 0
Exemplar credit 1 Carbon Neutral building

Exemplar credit 2 True zero carbon building




Table 5 Summary of guidelines of setting up the@cand reference building models

National Calculation Methodology (NCM)

Actual building Reference buildin
Weather file CIBSE Test Reference Year weather data coveririgdaions in the U.K. are us
for compliance simulations. In most circumstantles,chosen weather data shal
taken as the one from the 14 locations, whichdsedt in distance to the building

site and used for both actual and reference bgjldindels. Where there are

particular microclimate issues that need to bernakto account, one of the other

weather data files may be used if the weatheridateore appropriate.
Geometry Same as design. Same as design exceptodngadows,
doors and roof lights that must conforn
rules set out in the NCM modellingige.

Solar shadin -External shading including si It must be subject to the same site sha
obstructions and shading devices are ioom adjacent buildings and other
be modelled topographical features as are applied to
-Internal shading is to be modelled. the actual building model.

Zoning requirement Both the actual and referendlelings follow the same ruling arrangement that is
defined based on HVAC and lighting.

Material & Constructio Same as desic -Construction -values must conform 1

these U-values that are identified in the
NCM modelling guide
-Special considerations apply to ground
floors where the U-value is a function of
the perimeter/area ratio.
-U-values of display windows must be taken as 5/f% in both the actual and
reference building models.
-Smoke vents and other ventilation openings mustisregarded in both building
models.

Room dat -Each space must contain the same activity andftrerthe same activit
parameter values in both the actual and refereunitdings. These activity
parameters include occupancy times, density, skeraitdl latent gains, equipment
gains and schedule profile, lighting lux level awthedule, heating set-point
temperature, HVAC operation profile, hot water @ewchand outside air
requirement.
-The activity in each space must be selected fl@rNCM Activity Database.
-Lighting power density is allowed to -Lighting power density is a fixed value
use proposed design figures if known. dependent on the assigned room activity.

HVAC system - System efficiency, fuel type ar -Heating fuel type must be g
auxiliary energy figures are the same asleating SCoP must be 0.73 and auxil
design. energy must be taken as 0.61\f/m

-Cooling set point is fixed at 2TC and
the cooling SSEER must be taken as 2.25.

Hot water systel -Hot water demand is defined by t - Hot water demand is specified by |
selected room activity. same room activity shared with the actual
-System efficiency and fuel type must building.
be taken from the proposed design. -System overall efficiency must be taken

as 45% and it must be a gas-fired system.

Infiltration & Ventilation -The calculation method used to predict the infiltra rate must use the ¢
permeability. The air permeability of the actuailtmg is modelled as design and
the air permeability of the reference building most15 ni/(h m?) at 50 Pa.
-Ventilation rates and profiles are defined by thkested room activity based on
NCM Activity database

Renewable Yes No




Table 6 Credit points awarded for Credit Enel of€ithouse Gas Emissions for Green Star Office as

Design v3
Predicted Greenhouse
Green Star Points Gas Emissions
(kgCO,/m?lyear)
Condmonal 110
Requirement
1 95
2 90
3 85
4 80
5 75
6 70
7 65
8 60
9 55
10 50
11 45
12 40
13 35
14 30
15 25
16 20
17 15
18 10
19 5

0 - Carbon-neutral

N
o




Table 7 Summary of requirements for setting upbidee building model

NABERS Energy
Base buildini

Weather file Weather data must use ACADS-BSG/CSNtmMinated Test Reference Year
for the nearest available climatic weather station.
Geometry Same as design

Solar shading

-Shading to be accurately represantiatding modelling of overhangs and
window insets.
-External shade from buildings and trees need tmbeéelled. Deciduous trees
to be modelled as having time-varying transmisgivit
-Moveable shadings must be represented as movable.

Zoning requiremel

No specific requirements for zoning strategy, hosveaones need to |
sympathetic to the operational and thermal chariatits.

Material & ConstructionSame as design.

Room dat

-Lighting power density, equipment load and occupkamtsity shall b
modelled with provided default figures.

- Schedules of occupancy, lighting power, equipnpenter and HVAC
operation system shall be modelled with provideafiles.

-Overnight energy use of lighting, equipment, oangy and HVAC system
need to be considered, referred as ‘after-hoursg@thedules. The ‘after-
hours zones’ schedule must be applied to a siritge-laours zone of the
building.

-Lighting controls are to be modelled realistically

- Temperature and humidity control set-points shalmodelled the same as
design.

HVAC system

-HVAC system type, design and contrelta be modelled to reflect the actual
system.

-Incremental cooling tower energy arising from @lieal input to the tenant
supplementary conditioners plus the mechanicalgnéelivered to the
condenser water by pumps need to be considered.

-Pumping energy must be accounted.

Hot water system

Hot water demand is to be caledlasing the figure of 2kWh/nbased on Ne
Lettable Area (NLA), plus any system losses.

Infiltration & Ventilation Same as desit

Renewable Application of renewable energy integt@téo the building is to be modelled,
but any planned or future purchase of Green Posvier Ibe treated as normal
electricity.

Other: -Car park intended for the sole use of tenants tmdbaelled including bot

lighting and ventilation.

-No discount of on-site emgy use is available against energy exported fr@
site under any circumstances. Fuels used to genenasite energy must be
included within the energy assessment.




Table8 Comparison of main simulation inputs betweEED, BREAM and Green Star schemes

LEED BREEAM Green Star

Proposed buildin Baseline buildin Actual building  Referenc building Base buildin
Weather file  Dubai MTN Dubai MTN Dubai MTN Dubai MTN Dubai MTN
Construction  External wall:0.57 External wall:0.71 External wall:0.57 External wall:0.35  External wall:0.57
U-value Ground floor:0.016 Ground floor:1.1  Ground floor:0.016 Ground floor:0.25  Ground floor:0.016
(W/mZK) External glazing:2.1External glazing:6.9External glazing:2.1External glazing:2.2 External glazing:2.1

Roof:0.25 Roof:0.36 Roof:0.25 Roof:0.25 Roof:0.25

Door:2.32 Door:2.32 Door:2.32 Door:2.32 Door:2.32

Internal wall:1.47 Internal wall:1.47 Internal wall:1.47 Internal wall:1.47 Internal wall:1.47

Ceiling typel:2.14 Ceiling typel:2.14 Ceiling typel:2.14 Ceiling typel:2.14 Ceiling typel:2.14

Ceiling type2:2.28 Ceiling type2:2.28 Ceiling type2:2.28 Ceiling type2:2.28 Ceiling type2:2.28

Ceiling type3:3.61 Ceiling type3:3.61 Ceiling type3:3.61 Ceiling type3:3.61  Ceiling type3:3.61

Ceiling type4:2.3 Ceiling type4:2.3 Ceiling type4:2.3 Ceiling type4:2.3 Ceiling type4:2.3
Lighting gain  Data Centre:3.75 Data Centre:12 Data centre (IT equip.):3.75 Changing 12
(W/mz) Changing facility:5.Zhanging facility:6 facility:5.2 Circulation:5.2

Lobby:7.8 Lobby:14 Open plan office:18.75 Plant room:7.5

Stair:5.2 Stair:6 Storage:1.88 Toilet:5.2

Open plan office:120pen plan office:12

Parking:2 Parking:2
Plant room:7.5 Plant room:13
Storage:1.88 Storage:3
Toilet:5.2 Toilet:1C

Equipment gainData Centre: 50 Changing facility:5

(W/m)

Lobby: 5 Open plan office:12
Parking: 20 Storage:2 Stair:2
Plant room: 50 Toilet:

Data centre (IT equip.):50 Changing
facility:5 Open plan office:15
Circulation:2 Plant room:50

Storage:2 Toilet:

Average: 11W/m

Occupancy gairPata Centre: 1/9.09m

(W/person)

Max. sensible:85.4 Min.sensible:54.6
Changing facility: 1/7.69 fn

Max. sensible:70 Min.sensible:70
Open plan office: 1/9.09 M

Max. sensible:73.2 Min.sensible:46.8
Lobby: 1/9.09 rf

Max. sensible:61 Min.sensible:39
Stair & Storage & Toilet: 1/9.09 n
Max. sensible:70 Min.sensible:70
Plant room: 1/9.09 fn

Max. sensible:90 Min.sensible:90

Data centre (IT equip.): 1/9.08m
Max. sensible:85.4 Min.sensible:54.6
Changing facility: 1/7.69 fn

Max. sensible:70 Min.sensible:70
Open plan office: 1/9.09 M

Max. sensible:73.2 Min.sensible:46.8

Circulation & Storage & Toilet: 1/9.09’m

Max. sensible:70 Min.sensible:70
Plant room: 1/9.09 fn
Max. sensible:90 Min.sensible:90

Occupancy density:
1/15nt

Max. sensible:70
Max. latent:60

HVAC systen

VAV system with
COP=4.52 and
delivery
efficiency=0.95

delivery
efficiency=0.95

VAV Reheat syster VAV system with
with COP=4.19 andSEER=4.52
SSEER=4.2DeliverySSEER=2.2Belivery

efficiency:0.95
Auxiliary energy:
4.4Wint

VAV system with
SEER=3.6

efficiency0.91
Auxiliary energy:
0.61Wint

VAV system with
COP=4.52 and
delivery
efficiency=0.95

Hot water Fuel type: gas Fuel type: gas Fuel type: Gas 2kWh/n? based on
system Generator seasonal efficiency:1 Generator seasonalGenerator seasonal NLA
Delivery efficiency:0.8 efficiency:1 Deiveryefficiency:0.9
efficiency:0.8 Delivery efficiency:0.5
Infiltration 0.25ACH? 0.25ACH? Air permeability:10 Air permeability:15 0.25ACH?
at 50Pa/(r(mh)) at 50Pa/(rf(m*h))
Other: Elevator: annual energy consumption Elevator: n/a Elevator:8kWh/m

300kWh per elevator per floor
Exterior lighting: allowable power
density=2.2W/rh

Exterior lighting: n/a

based on NLA

Exterior lighting:
allowable power
density=2.2W/rh




Table 9 Result comparison of the energy rating betwLEED, BREEAM and Green Star

LEED BREEAM Green Star
Proposec Baseline Actual Reference Base
building building building building building
Total energy 2545.78 2761.86 1892.44 2044.70 891.57
consumption (MWh)
CQ, emisson (tons - - 776.4( 959.0! 386.9¢
Energy cost ($) 20366240 22094880 - - -
Normalisation formulae % improvement = (1 — EPC Rating = Actual Normalised
Proposed / CO, / Reference CE* Emissions = Base
Baseline)x100 0.765) *50 CO,/ NLA
=7.8% = 49 Asset Rating = 41 kgCQ/m?
Credit points 0 (total 10 points) 2 (total 15 poirg) 11 (total 20 points)

Table10 Results comparison of energy use breakdetmeen LEED, BREEAM and Green Star

LEED BREEAM Green Star
End Use (MWh)  Propose Baselint Actual Referenc Base buildin
Building building building  building
Interior lighting 544.37 555.81 579.20 577.73 454.92*(total 103.42(total)
Tenancy lighting 351.5* -
Common area lighting 81.42 81.42
Carpark lighting 22 22
Exterior lichting 92.55 92.55 n/a n/a 92.55 92.55
Equipmen 589.37 589.37 589.46 589.46 607.98* -
Space heatir 22.13 26.96 1.22 0 0.11 0.11
Space coolin 487.1¢ 631.0¢ 476.7: 693.1¢ 414.4; 414.4;
Service water heating 92.74 92.74 91.67 162.96 19.3 19.3
Pumps 1151 12.89 37.51 37.51
Interior fans 242.42 296.96 154.18 2137 136.08 136.08
Parking garage fans  439.2 439.2 n/a n/a n/a n/a
Heat rejectio 0 0 0 0 0 0
Refrigeratiol n/a n/a n/a n/a n/a n/a
Cookincg n/a n/a n/a n/a n/a n/a
Elevators & escalars ~ 24.3: 24.3¢ nle n/a 77.2 77.2
Water treatment n/a n/a n/a nfa 10.98 10.98
Total energy 891.57 (for
consumption 2545.78 2761.86 1892.44 2044.70 1851.05* Green Star
assessment)

*Do not count towards total energy consumption uUsedhe energy rating in Green Star



