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ABSTRACT 
This paper will focus on four completed projects that 
have gone through a process of concept design, 
including energy consumption simulation, followed 
by design, construction and operation. Through the 
implementation of comprehensive metering systems 
in these buildings comparison to computer 
simulation predictions and real outcomes can been 
achieved. Differences between the modelling results 
were found in all cases and either presented ways to 
further improve energy efficiency or highlighted 
where further modelling data validation may have 
been required. This paper will describe some of these 
findings in further detail. 

INTRODUCTION 
The advent of industry wide rating tools in Australia 
such as the National Built Environmental Rating 
System (NABERS) and Greenstar has resulted in the 
Australian commercial property sector embracing 
environmentally sustainable design. Whilst this focus 
has primarily been on new commercial office 
buildings there has also been some focus on 
improving the environmental performance of the 
existing stock. This broader adoption of 
sustainability has been observed within both new 
building construction and also in existing building 
refurbishment. 
The large demand that now exists for buildings that 
perform well against environmental benchmarks, 
provides owners/developers with a point of 
difference for their buildings that have adopted these 
principals. This demand is reflective of the market, 
where more and more tenants are seeking out 
buildings that perform well, particularly with respect 
to energy, to meet corporate social responsibility 
objectives. The objectives of owners and tenants with 
respect to energy are generally framed around the 
NABERS Energy and Greenstar Office schemes. 
Consequently when undertaking a new development, 
either a new building or major building 
refurbishment, owners/developers are interested to 
understand the likely performance of the building in 
terms of its overall energy usage as it may impact on 
their ability to secure tenants at a reasonable rent and 
could therefore adversely impact the value of the 
property. There may also be contractual obligations 
within a tenancy lease where tenants (particularly 

government tenants) require a “Green Lease” to be 
signed. These green leases typically require quarterly 
reporting on energy usage and the building to be 
operated to achieve a certain NABERS rating with 
remedial works to be undertaken as appropriate. 
The requirement for energy modelling in a project is 
usually included in the engineering brief and is 
typically framed around achieving a certain 
NABERS energy base building rating. Whilst not 
explicit in this brief the aim of the energy modelling 
exercise is understood to primarily be a risk 
minimisation tool. This is where the results of the 
energy modelling will enable a developer/owner to 
asses the likelihood of their building meeting the 
stated environmental objectives in operation and also 
in some circumstances legal obligations. 
From this brief introduction we can see how the 
theoretical process of energy modelling can have 
significant real world consequences for building 
developers/owners and tenants. This paper will 
therefore focus on some of the areas where the 
energy modelling process differs from real world 
results. 

THE CASE STUDIES 
This paper will focus on four different buildings all 
designed and completed within the past four years. 
Two are new buildings, one is an existing building 
that had a major refurbishment and the other is an 
existing building that had a minor refurbishment. 
(i) Case Study 1 (62 Brougham Street, Geelong) is 

a new building completed 2009 with an office 
NLA (Net Lettable Area) = 14,500m2 (Total 
16,500m2).  The office HVAC (Heating 
Ventilation and Air Conditioning) = Underfloor 
air conditioning system. The brief requirement 
was to undertake modelling for NABERS 
Energy Base Building and for Greenstar Office 
Version 2 with a predicted NABERS Energy 
Base Building Rating of 4.5 stars. The actual 
NABERS Energy Base Building Rating is equal 
to 4.5 stars. 

(ii) Case Study 2 (28 Freshwater Place, Southbank, 
Melbourne) is a new building completed 2009 
with an NLA of = 34,000m2.  The HVAC is a 
low temperature VAV system. The brief 
requirement was to undertake modelling for 
NABERS Energy Base Building and for 
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Greenstar Office Version 2 with a predicted 
NABERS Energy Base Building Rating of 4.5 
stars. The actual NABERS Energy Base 
Building Rating is equal to 4.5 stars. 

(iii) Case Study 3 (414 LaTrobe Street, Melbourne) 
is an existing building completed 1992 with an 
NLA of = 14,500m2.  The HVAC is a standard 
VAV system. The brief requirement was to 
undertake modelling for NABERS Energy Base 
Building with a predicted NABERS Energy Base 
Building Rating of 3 stars. The actual NABERS 
Energy Base Building Rating is equal to 4 stars. 
Prior to refurbishment the rating was 0.5 stars. 

(iv) Case Study 4 (17 Moore Street, Canberra) is an 
existing building completed 1993 with an NLA 
of = 5,900m2.  The HVAC is a low temperature 
VAV system. The brief requirement was to 
undertake modelling for NABERS Energy Base 
Building with a predicted NABERS Energy Base 
Building Rating of 4.5 stars. The actual 
NABERS Energy Base Building Rating is equal 
to 5 stars. Prior to refurbishment the rating was 
1.5 stars. 

The four buildings selected for this case study were 
selected as they cover both new and old buildings as 
well as different building types. 

THE ENERGY MODELLING PROCESS 
Any energy modelling exercise is typically a 
theoretical process where there are many 
assumptions about weather data, occupancy, internal 
loads and control scenarios. The estimates of energy 
usage are generally done through the use of computer 
simulation for complex processes and hand 
calculations for simple processes. 
For the modelling undertaken in each of the case 
studies computer simulation modelling was used to 
assess the energy usage associated with the following 
systems; chillers, boilers, HVAC Fans, HVAC 
Pumps and HVAC heat pump systems (where 
installed). 
For the modelling undertaken in each of the case 
studies hand calculations were undertaken to assess 
the energy usage associated with the following 
systems; base building lighting, vertical 
transportation, supplementary tenant cooling 
systems, hydraulics and fire pumps and domestic hot 
water. 
The focus of this paper is generally on the computer 
simulation modelling energy assumptions however 
some analysis of the difference between hand 
calculations is also provided. 

The Simulation Environment 
The computer simulation software used in each of 
the case studies presented below was Integrated 
Environmental Solutions, more commonly known as 
IES. This simulation package is a full dynamic 
energy simulator and has passed external validation 

to the BESTEST standard. It models building 
performance on an hourly basis (up to 1 minute time 
steps are possible) for a full year. As with all 
simulation packages there are limitations. These 
limitations generally revolve around the extent of 
detail in the geometry of the building and also in the 
HVAC control strategies.  
For each of the buildings in this case study the 
NABERS Energy Guide to Building Energy 
Estimation was used. This guide provides a number 
of default values that are to be used. These defaults 
include: 
- Equipment loads 
- Hourly profiles for lighting, occupancy, plant 

operation and equipment usage 
- Weather data must be for a test reference year 

(actual year of measured weather data for a year 
deemed representative) 

- Lighting and occupancy density as per design 
values (unless for Greenstar) 

Each computer model is set up in a similar way with 
zoning reflective of the HVAC design. For example 
in the models that utilised VAV system, the area 
supplied by each VAV box would be built in the 
computer model as a zone. The occupied zone and 
ceiling space would be built as separate zones.  

Simulation Scenarios 
Typically the computer model is built early in the 
design phase (either concept or schematic design 
stage) to help inform the design process. At this early 
stage the model has many assumptions about system 
performance, and rather than using the absolute 
values generated they are more commonly used for 
comparison purposes. During this stage the model is 
refined to assist in determining design factors such as 
optimal supply air temperature or value management 
impacts such as whether or not a target rating can be 
achieved with an air cooled chiller versus a water 
cooled chiller. 
The computer model is updated at each stage of the 
design as it progresses with a view to refining the 
overall calculation and achieving greater accuracy as 
the final construction issue documentation is 
complete. This final model may then be used as the 
basis for fine tuning the building in its first year of 
operation and tracking it energy performance. 

ANNUAL RESULTS 
The following sections describe the predicted versus 
actual energy results for each of the case studies. 
There is greater detail for the projects where higher 
levels of energy metering have been installed which 
enables a more detailed analysis. 
Eight tables are presented below, two for each of the 
case studies. These tables show the predicted versus 
actual energy results for both computer simulation 
and hand calculations and overall monthly results for 
gas and electricity of the whole building. Following 
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the tables there is a discussion on some of the key 
differences between the predicted modelling and the 
actual performance. 

Case Study 1 
Table 1. Case Study 1 – Monthly Results 

 Electricity, MWh Gas, GJ 
 Predicted Actual Predicted Actual 
Jan 69.4 59.2 1.2 55.4 
Feb 65.4 55.7 0.8 65.4 
Mar 54.5 48.0 28.6 70.9 
April 48.6 41.5 56.1 81.9 
May 41.7 37.8 149.7 207.3 
June 42.5 39.9 279.9 266.4 
July 42.0 38.0 310.1 296.6 
Aug 43.0 42.3 240.6 289.8 
Sep 43.2 46.7 117.0 328.5 
Oct 48.2 46.8 74.2 143.2 
Nov 47.7 48.6 60.3 92.6 
Dec 65.1 57.4 3.1 63.3 
Total 611.4 561.9 1322 1961 

From Table 1 it can be seen that the predicted 
electricity usage was within 9% for electricity and 
33% for gas usage. Whilst these figures are 
reasonably close when looking at the individual 
months there are much larger differences between 
predicted and actual energy usage. The reasons for 
these differences are explored further in this report 
and also below in Table 2. 
Table 2. Case Study 1 – Detailed Overall Results 
  Predicted Actual Diff. 
Boilers (GJ) 1184 1961.4 -39.6% 
Chillers MWh) 114.5 81.4 41% 
HVAC Fans 
(MWh) 202.4 148.5 36% 
HVAC Pumps 
(MWh) 42.8 59.3 -38% 
Heat Pumps 
(MWh) 9.1 68.8 -655% 
Tenant Loop* 
(MWh) 0.49 6.1 -1138% 
Carpark Vent* 
(MWh) 52.1 14.6 256% 
Base Lighting* 
(MWh) 82.0 62.4 32% 
Misc Mech.* 
(MWh) 41.0 22.6 81% 
VT* (MWh) 41.9 41.2 2% 
Blackwater* 
(MWh) 14.5 56.9  -293% 
Misc Other* 
(MWh) 4.1 - - 
Controls*(MWh) 6.5 - - 
DHW* (GJ) 137.7 - - 

* Hand rather than simulated calculation 

From Table 2 above and in particular focusing on the 
computer simulation results we can see the following 
key findings: 
- The boilers are using 40% more gas than 

predicted 
- The chillers are using 40% less electricity than 

predicted 
- The HVAC fans are using 40% less electricity 

than predicted 
- The HVAC pumps are using 40% more 

electricity than predicted 
- The heat pump VRF system is using 6 times 

more electricity than predicted 
For the chillers and HVAC fans we can see that the 
actual results are less than predicted. This result is 
common to all case studies and is discussed in more 
detail in section 6. 
The increase in boiler energy is typically associated 
with the increased requirement for zone heating and 
also zone re-heat within the building. This increase is 
due to the following items: 
- Much higher rates of infiltration in reality than in 

design (these were observed by the engineers 
and builders during inspections of the building in 
operation) 

- Decreased internal heat loads versus design (this 
can be seen from fitout design drawings) 

- Longer than expected morning warm-up periods 
due to thermal inertial of un-insulated slabs in 
the sub-floor space and ceiling space (these have 
been observed from the BMS trend logs) 

- Larger than expected differences in zone loads 
(these have been observed from the BMS trend 
logs) 

The increase in HVAC pump energy is believed to be 
associated with the way the computer model 
estimates the energy usage for variable speed 
pumping strategy. In this case it would appear than 
an optimistic profile was used compared to what is 
actually occurring. Commissioned pressure drop in 
the system was also slightly higher than estimated 
during the design stage. 

The increase in heat pump energy consumption is 
associated with longer than expected operating hours 
and also with higher than expected rates of 
infiltration within the lobby areas. Again these issues 
were observed on site and in the BMS trend logs. 

Briefly looking at the hand calculations we can see 
that there are a number of discrepancies with the 
main items being the tenant condenser water loop, 
the carpark exhaust system the miscellaneous 
mechanical systems and the black water plant using 3 
times less than predicted.  

The blackwater treatment plant was a design and 
construct element that was not fully understood 
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during design phase energy estimation which is the 
reason for the higher then expected energy usage.  
The lower carpark ventilation fan usage is likely due 
to the CO monitoring system that has been 
implemented. This is where the schedules used in the 
original energy calculation appear to have been 
conservative. The lower than expected miscellaneous 
fan usage is likely due to the schedules being 
conservative but also due to the pressure drop 
calculations within the design being conservative in 
that they have allowed for a dirty filter scenario. 

Case Study 2 
Table 3. Case Study 2 – Monthly Results 

 Electricity, MWh Gas, GJ 
 Predicted Actual Predicted Actual 
Jan 162.5 140.4 89.0 26.5 
Feb 159.6 126.9 75.4 39.6 
Mar 157.7 105.1 103.5 69.7 
April 130.3 89.5 240.8 187.4 
May 109.6 88.3 564.9 328.5 
June 103.9 81.5 727.4 579.8 
July 104.8 84.4 795.1 612.6 
Aug 105.8 84.4 691.6 568.4 
Sep 110.5 84.8 525.2 331.2 
Oct 115.2 92.8 370.5 223.7 
Nov 122.8 104.5 266.0 142.9 
Dec 150.2 119.2 133.5 40.7 
Total 1533 1202 4583 3151 

From Table 3 it can be seen that the predicted 
electricity usage was within 28% for electricity and 
45% for gas usage. Whilst these figures are 
reasonably close when looking at the individual 
months there are much larger differences between 
predicted and actual energy usage. The reasons for 
these differences are explored further in this report 
and also below in Table 4. 
Focusing on the computer simulation results we can 
see the following key findings: 
- The boilers are using 40% less gas than 

predicted 
- The chillers are using 20% less electricity than 

predicted 
- The HVAC fans are using 20% less electricity 

than predicted 
For the chillers and HVAC fans we can see that the 
actual results are less than predicted. This result is 
common to all case studies and is discussed in more 
detail in section 6. 
Table 4. Case Study 2 – Detailed Overall Results 
  Predicted Actual Diff. 
Boilers (GJ) 4215.6 3151.00 33.8% 
Chillers(MWh) 250 208.98 19.6% 
HVAC Fans 
(MWh) 307 270.37 13.5% 
HVAC Pumps 140 - - 

(MWh) 
Tenant Loop* 
(MWh) 31 - - 
Carpark Vent* 
(MWh) 67 24.74 170.8% 
Base Lighting* 
(MWh) 456 395.94 15.2% 
Misc Mech* 
(MWh) 112 84 33.3% 
VT* (MWh) 170 217.73 -28% 
DHW* (GJ) 367.2 - - 

The decrease in boiler energy is typically associated 
with a decreased requirement for zone re-heat within 
the building. This decrease is primarily due to the 
building tuning activities that took place 6 months 
after practical completion of the project. This is 
where the boiler consumption was tracking the 
estimate however an opportunity was identified by 
the building manager to further refine the design 
based on how the tenants were using the building. 
The building manager has commented that following 
these changes there were significant decreases to the 
boiler energy usage. 
Briefly looking at the hand calculations we can see 
that there are a number of discrepancies with the 
main items being the carpark exhaust system the 
miscellaneous mechanical systems. The lower 
carpark ventilation fan usage is likely due to the CO 
monitoring system that has been implemented. This 
is where the schedules used in the original energy 
calculation appear to have been conservative. The 
lower than expected miscellaneous fan usage is likely 
due to the schedules being conservative but also due 
to the pressure drop calculations within the design 
being conservative in that they have allowed for a 
dirty filter scenario.  

Case Study 3 
Table 5. Case Study 3 – Monthly Results 

 Electricity, MWh Gas, GJ 
 Predicted Actual Predicted Actual 
Jan 182.2 140.7 24.1 57.9 
Feb 174.3 132.0 21.5 51.5 
Mar 173.0 114.5 32.3 119.2 
April 111.8 95.3 148.3 144.6 
May 73.6 61.6 455.6 287.1 
June 72.1 52.2 800.5 393.5 
July 71.7 52.6 841.7 469.3 
Aug 72.5 55.7 724.8 423.5 
Sep 75.1 56.7 456.2 339.6 
Oct 82.2 70.7 252.8 230.6 
Nov 94.7 81.6 170.5 130.1 
Dec 145.8 104.5 51.8 75.5 
Total 1329 1018 3980 2722 

From Table 5 it can be seen that the predicted 
electricity usage was within 31% for electricity and 
46% for gas usage. Whilst these figures are 

Proceedings of Building Simulation 2011: 
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November. 

- 1566 -



reasonably close when looking at the individual 
months there are much larger differences between 
predicted and actual energy usage. The reasons for 
these differences are explored further in this report 
and also below in Table 6. 
Table 6. Case Study 3 – Detailed Overall Results 
  Predicted Actual Diff. 
Boilers (GJ) 3907.5 1453 168.9% 
Chillers(MWh) 376.2 110.1 242% 
HVAC Fans 
(MWh) 421.8 342.2 23% 
HVAC Pumps 
(MWh) 73 27.8 163% 
Heat Pumps 
(MWh) 143.9 105.3 37% 
Tenant Loop* 
(MWh) 11.8 10.6 11% 
Carpark Vent* 
(MWh) 3.8 1.9 98% 
Base Lighting* 
(MWh) 161.8 318.7 -97% 
Misc Mech* 
(MWh) 23.04 - - 
VT* (MWh) 113.6 101.4 12% 
DHW* (GJ) 72.5 - - 

Focusing on the computer simulation results we can 
see the following key findings: 
- The boilers are using 150% less gas than 

predicted 
- The chillers are using 240% less electricity than 

predicted 
- The HVAC fans are using 20% less electricity 

than predicted 
For HVAC fans we can see that the actual results are 
less than predicted. This result is common to all case 
studies and is discussed in more detail in section 6. 
The chiller consumption is also less than actual 
results which is also discussed in section 6 below 
however there are also additional factors to be 
discussed in this case. During this refurbishment the 
existing chillers were not replaced as they still had a 
few years of economic life in them. The chillers did 
however have electronic expansion valves installed 
on them. Based on the energy metering results the 
efficiency gain from this initiative was in the order of 
3 to 4 times greater than anticipated, hence the large 
difference in energy consumption.  
The significant decrease in actual boiler energy 
versus predicted is due to the better than expected 
performance of the condensing boilers selected for 
the installation. This was confirmed through the 
analysis of BMS trend logs and comparison to the 
modelling assumptions. Through the installation of 
these condensing boilers supply and return 
temperatures are able to be varied which further 
improved the efficiency of the boilers above what is 
quoted in manufacturers data and also decreased the 

overall heat loss from the system. There was also 
significantly less domestic hot water usage within the 
building than expected. This is where the building 
manager has confirmed that the cyclist facilities are 
generally under utilised.  
The decrease in HVAC pump energy is believed to 
be associated with the way the computer model 
estimates the energy usage for variable speed 
pumping strategy. In this case it would appear that a 
conservative profile was used compared to what is 
actually occurring. Commissioned pressure drop in 
the system was also significantly lower than 
estimated during the design stage further accounting 
for the decrease in energy usage. 
Briefly looking at the hand calculations we can see 
that there are a number of discrepancies with the 
main items being the carpark exhaust system the base 
building lighting system. The lower carpark 
ventilation fan usage is likely due to the CO 
monitoring system that has been implemented. This 
is where the schedules used in the original energy 
calculation appear to have been conservative. The 
higher than expected lighting energy usage is due to 
the existing systems not being fully compatible with 
the proposed lighting control strategies and 
implementation of such would have proved cost 
prohibitive to the project. 

Case Study 4 
Table 7. Case Study 4 – Monthly Results 

 Electricity, MWh Gas, GJ 
 Predicted Actual Predicted Actual 
Jan 38.6 26.5 23.9 15.4 
Feb 36.8 30.2 23.9 15.2 
Mar 39.6 29.7 31.8 19.3 
April 30.2 23.2 31.8 24.7 
May 20.7 16.8 71.2 45.8 
June 18.8 14.4 142.1 112.7 
July 18.8 14.9 146.0 133.2 
Aug 18.8 15.2 94.8 103.4 
Sep 19.8 15.6 59.3 91.9 
Oct 21.7 16.2 47.5 86.0 
Nov 27.3 21.1 23.9 55.3 
Dec 35.8 23.2 23.9 29.1 
Total 327.0 247.0 720.0 732.0 

From Table 7 it can be seen that the predicted 
electricity usage was within 32% for electricity and 
2% for gas usage. Whilst these figures are reasonably 
close when looking at the individual months there are 
much larger differences between predicted and actual 
energy usage. The reasons for these differences are 
explored further in this report and also below in 
Table 8. 
Focusing on the computer simulation results we can 
see the following key findings: 
- The boilers are using 3% more gas than 

predicted 
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- The chillers are using 13% less electricity than 
predicted 

- The HVAC fans are using 5% less electricity 
than predicted 

- The HVAC pumps are using 3 times less 
electricity than predicted 

For the chillers and HVAC fans we can see that the 
actual results are less than predicted. This result is 
common to all case studies and is discussed in more 
detail in section 6. 
Table 8. Case Study 4 – Detailed Overall Results 
  Predicted Actual Diff. 
Boilers (GJ) 669.6 689.7 -3% 
Chillers(MWh) 48 42.3 13% 
HVAC Fans 
(MWh) 87 83.1 5% 
HVAC Pumps 
(MWh) 15 3.6 320% 
Heat Pumps 
(MWh) 11 21.5 -95% 
Tenant Loop* 
(MWh) 22 20.7 6% 
Carpark Vent* 
(MWh) 40 24.0 66% 
Base Lighting* 
(MWh) 69 42.4 63% 
Misc Mech* 
(MWh) 6 8 -33% 
VT* (MWh) 29 1.4 1953% 
DHW* (GJ) 50.4 50.2 0% 

The actual boiler energy is tracking very closely to 
predicted however it is worth noting that the monthly 
usage is not in the same proportions as predicted. 
This is discussed in more detail in section 6 below 
and is understood to be a result of less zone re-heat 
during warmer periods and increased heating 
requirements in cooler periods as a result of 
decreased internal loads and infiltration.   
The decrease in HVAC pump energy is believed to 
be associated with the way the computer model 
estimates the energy usage for variable speed 
pumping strategy. In this case it would appear that a 
conservative profile was used compared to what is 
actually occurring. Commissioned pressure drop in 
the system was also significantly lower than 
estimated during the design stage further accounting 
for the decrease in energy usage. 
The increase in heat pump energy consumption is 
associated with longer than expected operating hours 
and also with higher than expected rates of 
infiltration within the lobby areas. This was 
confirmed through site inspections and BMS trend 
logs. 
Briefly looking at the hand calculations we can see 
that there are a number of discrepancies with the 
main items being the carpark exhaust system and the 
vertical transportation system. The lower carpark 
ventilation fan usage is likely due to the CO 

monitoring system that has been implemented. This 
is where the schedules used in the original energy 
calculation appear to have been conservative. The 
much lower than expected lifting energy usage is 
estimated to be as a result of the efficient 
regenerative drives installed as well as lower than 
expected usage due to the use of internal stairs. 

DETAILED MONTHLY OUTPUTS 
To further investigate where the discrepancies may 
lay the monthly energy predictions and actual 
monthly results have also been considered. Figures 1 
to 2 below look at chiller, HVAC fans and boilers for 
one of the case studies. 

Chiller Electricity Consumption  
From Figure 1 below we can see that the predicted 
and actual consumption profiles follow each other 
fairly closely with the actual consumption generally 
being lower. November and March are the two 
periods where there is the greatest difference between 
the modelled and actual energy consumption. These 
differences are a function of the test reference year 
weather data versus the actual weather experienced. 
In this instance the test reference year has a warmest 
day of 38.1oC whereas the actual weather data in this 
year has a warmest day of 42.1oC. Also the test 
reference year has 18 hours above 35oC for January 
whereas the actual year had 27hours above 35oC for 
January. 
The lower consumption overall is due to lower 
occupancy densities than design, lower equipment 
densities than design and occupancy profiles that are 
different to design. This was confirmed following 
review of the tenancy fitout documentation for a 
number of levels within the building where lower 
than design densities for people and equipment were 
observed.  
The higher than modelled energy usage in January is 
likely due to the differences in external ambient 
temperature and also where tenants have requested 
after hours usage. These temperature and out of hours 
figures were confirmed from BMS trend logs. 

Boiler Gas Consumption 
From Figure 2 below we can see that the predicted 
and actual consumption profiles follow each other 
fairly well however the actual consumption is 
generally being lower in the warmer months and 
higher in the cooler months.  
The lower consumption in the warmer periods is 
expected to be due to a decreased incidence of re-
heat in reality than was modelled. This result is not 
unexpected as the actual controls implemented an 
ambient temperature lock-out for re-heat which was 
not implemented within the model.  
The higher consumption in the cooler periods is 
expected to be as a result of lower occupancy 
densities than design, lower equipment densities than 
design and occupancy profiles that are different to 
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design. This was confirmed following a review of the 
tenancy fitout documentation for a number of levels 
within the building where lower than design densities 
were observed which means that in peak heating 
mode the base system needs to provide additional 
heating. Being an existing building infiltration is 
difficult to predict and increased infiltration in reality 
versus the modelling is also expected to have 
contributed to this result.  
Weather pattern differences between the test 
reference year and actual year will also have 
contributed to this result 

HVAC Fan Electricity Consumption 
From Figure 3 below we can see that the predicted 
and actual consumption profiles follow each other 
fairly closely with the actual consumption being 
lower. 
The lower consumption overall is expected to be due 
to lower occupancy densities than design, lower 
equipment densities than design and occupancy 
profiles that are different to design. Following review 
of the tenancy fitout documentation it has been 
confirmed that supply air volumes were decreased 
from the original design values.  
Further to this the measured static pressure within 
each of the main air handling systems is typically 
100-200Pa less than design. This lower energy 
consumption is due to the filters being cleaner than 
assumed in the modelling where the modelled static 
pressure has applied a worst case scenario with dirty 
filters. The decrease of 100-200Pa from each air 
handling unit is 12.5-25% of the total pressure drop 
through the system can therefore equate for a large 
portion of the over estimation of energy 
consumption. The increase in pressure of 100-200Pa 
is therefore not expected to be seen until the last third 
of the life of the filter. 

LESSONS LEARNT 
- Chiller energy consumption is typically 

modelled higher than actual consumption.  
- Alterations to existing chillers can perform 

significantly differently than predicted. 
- HVAC fan consumption is typically modelled 

higher than actual consumption.  
- Boiler efficiencies and distribution losses should 

change based on design temperatures and boiler 
selection which is not reflected in manufacturers 
efficiency data. 

- Modelling software cannot model all controls 
scenarios that are installed within in a building. 

- Simplifications to controls scenarios within 
modelling software, such as ambient temperature  
re-heat lockout, can result in a large decrease to 
boiler energy consumption for VAV systems in 
non-heating periods. 

- Building management staff can have large 
impacts on overall energy usage based on their 
understanding and operation of systems 

- Infiltration rates higher than expected have a 
large impact on energy consumption, in 
particular for gas. 

- Weather variations adversely impact the overall 
energy consumption of HVAC systems. This is 
most noticeable for extreme events which are 
generally not found in test reference year data. 

- Design loads not matching installed loads affects 
all the modelled items (chillers, boilers, fans and 
pumps) 

- Pump VSD strategies should to be considered in 
more detail within the simulation. One of the 
major factors affecting this is software 
limitations. 

- Estimated pressure drop for air and water 
systems are generally conservative and actual 
energy use of these systems is likely to be lower. 

- Hand calculations have a large impact on the 
overall energy estimate and need to be more 
carefully considered. Operation schedules for 
lighting, fan and pump operation appear to be 
the main items to focus on. 

- Conservative estimates in one area are generally 
outweighed by optimistic estimates in another 
area and total predicted energy is generally 
within 10% of the actual energy consumption. 

RECOMMENDATIONS TO IMPROVE 
MODELLING ACCURACY 
- Expected actual building cooling loads (rather 

than those defined within an engineering brief) 
should be modelled in an off-axis scenario to 
gain a more realistic result for chiller energy 
consumption. Where possible complete 
modelling with completed tenancy fitout design 
for the whole building to modelled loads are 
equal to actual loads experienced within the 
building. 

- HVAC fan pressure drops used in the modelling 
process should not necessarily allow for a 
worstcase dirty filter scenario. 

- Work with modelling software providers to 
better understand system design and hence 
enable better control definition within the 
software.  

- Where possible work with the commissioning 
team and building management staff to better 
explain how the building is intended to work and 
what schedules are expected to be implemented. 

- Validate energy modelling post occupancy 
against the real weather data and occupancy.  

- Investigate updating the test reference weather 
data to a more recent year. 

- Focus on hand calculations a little more as these 
appear to have a large impact on overall energy 
and their accuracy has been found to be quite 
poor in the building studied. 
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CONCLUSIONS 
Computer simulation modelling of HVAC systems 
have generally provided a conservative estimate of 
energy usage within both new and existing buildings 
when compared to actual results. The key factor 
behind this estimate appears to be the fact that actual 
tenant loads are generally lower than design loads.  

The conservatism within the computer simulation 
model is typically outweighed by optimistic 
estimates for hand calculations undertaken. It is 
important to note however that in all case studies the 
building is achieving the predicted NABERS Energy 
base building rating or higher. 
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Figure 1. Monthly Chiller Consumption for Case Study 2 
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Figure 2. Monthly Boiler Consumption for Case Study 4 
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Figure 3. Monthly HVAC Fan Consumption for Case Study 1 
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