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ABSTRACT 

This paper documents the process and results of the 

creation and calibration of standardised energy 

simulation models of typical New Zealand 

commercial buildings. The typical templates decrease 

the time to build an energy simulation model, and 

increase the consistency and accuracy of the model 

creation when there are multiple users modelling 

buildings. 

The models are created using templates based on 

generic New Zealand building information. The 

simulated energy consumption is compared against 

measured data obtained by the Building Energy End-

use Study (BEES) surveys. Calibrating the models is 

undertaken by altering the templates to match real 

building information, occupant and equipment 

schedules gathered in the BEES surveys. The models 

are re-simulated and compared against the real 

energy data. Finally, the models are simulated using 

weather files for the time period of the 

measurements. The hypothesis tested is that simple 

generic models can produce accurate simulations for 

real buildings. 

INTRODUCTION 

The aim of this study is 1) to test a standardised 

method for creating and calibrating energy 

simulation models that decrease the time and 

increases the consistency and accuracy of the models 

being created; 2) test the accuracy of a calibration 

method against real building energy data; and 3) to 

achieve calculation results that are within an 

acceptable tolerance. 

The research is a part of the Building Research 

Association of New Zealand (BRANZ) Building 

Energy End-use Study (BEES). The purpose of 

BEES is to increase knowledge on energy use 

patterns for the entire New Zealand building stock. 

(Isaacs, et al., 2009). Real data is collected through 

the BEES programme from the monitoring of 

temperature, humidity, light levels, C02 levels, 

occupant and equipment schedules, internal loads, 

and fuel consumption within selected premises. 

This reliable  information, when incorporated into 

building template models, creates a series of energy 

simulation templates from which detailed models can 

be constructed which represent specific buildings 

within the New Zealand non-residential building 

stock. Energy simulation templates are typically 

materials, constructions and schedules (Attia, 2011). 

However, these templates also have standard loads 

based on the BEES information and standard 

building geometries based on the work of Steadman 

et.al. (2000). 

The purpose is to build a Quality Assured simulation 

process (Donn, 1999) for existing buildings measured 

in the BEES project. A standardised model creation 

method constrains the user of the computer energy 

simulation program to data input that is based on 

measured data; and a standardised calibration 

minimises undocumented manipulation of the 

simulation file to achieve the desired results. 

This paper documents the components of the 

standardised calibration process, the simulation 

templates, and the required calibration steps. It 

compares the models created using the process 

against real data; and it compares the energy 

performance of a geometry-based template model 

with that of a model based on the same construction 

and schedule template information, but with more 

conventional detailed modelling of geometry. 

BACKGROUND 

The Need For Calibrated Computer Models 

“Despite widespread interest in the professional 

community, no consensus guidelines have been 

published on how to perform a calibration using 

detailed simulation programs” (Reddy, et al., 2007). 

A literature search confirmed this lack of 

information. The importance of a calibrated computer 

energy model for the purpose of testing energy 

conservation measures is highlighted within the 2008 

Federal Energy Management Program (FEMP) 

measurement and verification guidelines. 

There are two common situations that require an 

energy calculation model. The first is to predict the 

performance of a building prior to it being built. 
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Ideally, this is done to ensure that mechanical and 

other building systems are optimised with regards to 

energy performance. The second situation requires an 

energy simulation model of an existing building in 

order to measure and test the effects of retrofitted 

energy conservation measures. 

In the first situation, the computer model can only be 

constructed based on the design intentions and 

therefore is not considered to be calibrated as there is 

no physical building to base the model on or gather 

data from and compare the results to. The simulation 

model templates developed for this study can be used 

to improve the reliability of this modelling process, 

as part of an overall simulation Quality Assurance 

package. These templates will provide a means of 

delivery of the BEES survey information to the 

simulation industry. 

The second situation is when a model can and should 

be calibrated. If a computer model replicates a 

building‟s performance, it can then be used in 

applications such as testing and measuring the effects 

energy conservation measures have on the building, 

and the results are comparable to the actual building 

performance. 

Data Collection 

The buildings that are selected for this study are 

based on the availability of data that has already been 

collected within the BEES project. In total, seven 

buildings were selected and modelled. 

Within this study, two types of computer models 

were used and tested against real building 

performance data: A „template‟ model based upon 

standard template geometry and construction; and a 

„detailed‟ model based upon a more careful 

modelling of the geometry, construction and internal 

thermal zoning of the actual building. 

Template Models 

Template building models are a simplified model 

used to model a building quickly and easily based on 

minimal data. Because they are based on simplified 

geometry and internal thermal zoning, they contain 

many assumptions and averaged values to create a 

working model. 

The first step of creating a template model is 

selecting a predefined geometry that best represents 

the building‟s built form. Examples of the built forms 

are shown below in Figure 1. There are 11 built form 

templates to select from in total. 

The built form templates are based on the built form 

classification proposed by Steadman et. al. in 2000. 

They are a mix of these geometrical forms, and the 

EnergyPlus simulation benchmark buildings 

(Torcellini, et al., 2008). Approximately 3000 

buildings were examined via Google Earth. 1231 of 

these were classified according to the Steadman 

categories shown in the line sketches in Figure 1. The 

corresponding NREL (National Renewable Energy 

Laboratory) benchmark building model that could be 

rearranged to closely represent the shaded built forms 

shown in the right hand column of Figure 1. 

 

Having selected the built form, the geometry is 

stretched to match the floor plate of the building to 

be modelled. This operation is performed in 

SketchUp using the OpenStudio interface to 

EnergyPlus. A plan of the site is imported into 

SketchUp from Google Earth, and the template 

geometry is matched to this. Where the building is 

not rectangular, the size is matched to the average 

floor area. The inter-storey height is achieved by 

taking the estimated total building height and 

dividing by the number of storeys. This is a function 

of the Google Street View origin of much of this 

data. In using this template approach for modelling a 

building for an energy audit, this estimate would not 

be required. This provides an average floor height for 

each storey. 

Glazing is modelled as a percentage of the total wall 

area and positioned in the centre of the wall. 

Overhangs and shading devices, if applicable, are 

modelled in relation to the position to the glazing. 

The other parameters to be input into the template 

models include the construction materials, schedules, 

internal loads, and HVAC systems. Within 

OpenStudio, the construction materials can be 

selected from the in-built template values. Schedules, 

internal loads, and HVAC systems are known from 

the data collected by the BEES team on-site. Due to 

the way the building is zoned within the template 

model, the internal loads cannot be applied to 

specific rooms. The total loads are therefore applied 

as an average for the total floor area. 

 

Figure 1 - Built forms. (Cory, Donn, & Hsu, 2009) 
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Detailed Models 

The second type of building model constructed and 

tested against actual building performance is the 

detailed model. As the name suggests, it contains 

more detail within the input parameters in 

comparison to the template model. The major 

difference between the two modelling approaches is 

the modelled geometry and zoning of the building. 

The geometry of the building is modelled to the size 

and shape of the actual building. In the detailed 

model, the glazing is modelled with the actual size 

and position within the wall based on plans and 

photographs. Zones are appropriately modelled 

internally with respect to energy intensive areas 

(server rooms, kitchens), perimeter and core zones. 

Because the building is modelled with more 

appropriate zones, the internal loads can be applied to 

specific zones with individual schedules assigned. 

Both the template and the detailed model use the 

same weather file when calculating the results. The 

weather file was created to match the timeframe of 

when the actual building‟s energy was monitored. 

MODELLING AND SIMULATION 

METHODOLOGY 

The hypothesis tested in this study is that simple 

standardised building template models can produce 

accurate simulations for real buildings. 

Three modelling tests are undertaken in this study. 

All of the models are created in OpenStudio 

(National Renewable Energy Laboratory, 2011) and 

EnergyPlus (US Department of Energy, 2011), and 

are simulated in EnergyPlus. The three tests are: 

1. comparing the performance of two different 

users‟ energy simulation models of the same 

building; 

2. comparing the percentage difference 

between seven detailed and template 

building energy simulation models; and 

3. comparing the template and detailed energy 

simulation results with the real energy use. 

Overall Modelling Procedure 

In the first test, two experienced EnergyPlus users 

create a simple template model of the same building 

from the same template information. The annual 

energy consumption results are compared. The test is 

undertaken to determine a scale for the „errors‟ that 

arise when modelling. The goal is to use this scale as 

a means to assess the differences between template 

and detailed models and between simulated and real 

data. 

In the second of the simulation tests, two sets of 

models are created. The first model is a detailed 

model that is intended to mimic as precisely as 

possible the real buildings thermal zones and 

placement of equipment and people. The second 

model is based on the “standardised building 

template”: The following list states all of the data that 

creates a template and detailed building energy 

model. 

Once the template and detailed models are created, 

they are simulated under a „real-time‟ weather file 

that is created for the year that the building 

monitoring was undertaken in. The detailed and 

template models are compared against each other. 

The third simulation test compares the two model 

types against the real energy data of the building they 

represent. The flowchart in Figure 2 displays the 

study procedure. 

 On completion of the modelling and simulation 

work, the two creators of the building models were 

asked three questions: 

1. Do you think the template files save time? 

2. Do you think the template files improve 

consistency between models and increase 

the accuracy of the models? 

3. If you are to create building models in the 

future, would you use the template files to 

aid you? 

 

Figure 2 – Studies Modelling Procedure 
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Template Modelling Procedure 

The template modelling process is completed in two 

main steps: 

1. The SketchUp (Google, 2011b) OpenStudio 

plug-in interface to EnergyPlus was used to 

alter the built form template geometry to 

represent the simplified building; and 

2. In the EnergyPlus idf-editor, the internal 

loads, building schedules and HVAC 

equipment is described. The internal loads 

are represented as the total load distributed 

evenly across the entire floor area. The 

HVAC conditions the entire floor level. If a 

floor level is not conditioned in reality, it is 

also not in the template model. 

The template models require only the basic floor-

plate dimensions, number of floors, construction 

types, glazing percentages, site shading, building 

location, building orientation, building loads per 

square metre, building and equipment schedules. 

OpenStudio Template Modelling Procedure 

OpenStudio is used to alter the built form template 

geometry, apply the glazing percentages on each 

facade, and assign constructions to all surfaces. 

The average floor-plate area is converted to a square 

area and the relevant built form file is scaled 

accordingly. The glazing is adjusted to match the 

glazing percentages of a particular facade orientation. 

If the building has multiple stories, the current zone/s 

are copied up to create upper levels or zones. The 

Default Construction tool in OpenStudio is used to 

assign materials to the different surface types 

(exterior walls, internal walls, ground floor, etc...). 

OpenStudio is also used to assign Boundary 

Conditions. 

All of the air walls that are between zones need to be 

changed manually after the default constructions 

have been applied. All surfaces are matched with 

their corresponding partner surface. If there are 

overhangs and adjacent and/or surrounding buildings, 

these are modelled as new shading groups. These 

represent any overshadowing on the building and are 

modelled assuming they are across the entire façade 

of the building. The building is oriented in 

OpenStudio correctly by using GoogleEarth (Google, 

2011a) as a guide. Once this process is completed the 

EnergyPlus inputs are undertaken. 

EnergyPlus Template Modelling Procedure 

EnergyPlus is used to define the building and internal 

equipment schedules, the quantity of the internal 

loads, the infiltration rate, heating, ventilation and 

cooling equipment, building location, and required 

output information. 

The necessary schedules are entered and are altered 

from the Template file. For a working simulation the 

required schedules are lighting, electric equipment, 

occupancy, heating set point, cooling set point, 

infiltration, hours of operation, HVAC and plant 

hours of operation, office activity. The internal loads 

are entered as the total building load evenly 

distributed across the entire floor area, in watts or 

people per square metre. These internal loads have 

working schedules applied to them. The schedules 

pertain to hours of operation, percentage of 

load/people on per hour, occupant activity rate, air 

velocity rate, and occupant clothing level. 

The air infiltration rate and associated schedule is 

also entered. This is currently a default value 

established from the US Department of Energy US 

Reference Buildings (Torcellini, et al., 2008). 

Heating and cooling plant with associated set-point 

schedules is assigned to each zone if it is present in 

the modelled building. 

The building location is gathered from Google Earth 

and is entered in longitude and latitude coordinates, 

and elevation above sea level. This aids in the 

weather file selection. For the purposes of this study, 

only the energy consumption results were assessed. 

Hourly, Monthly and Annual Energy Consumption 

are output in kWh tables. 

Once the EnergyPlus procedure is completed the 

template building models are simulated in 

EnergyPlus using the „real time‟ weather files for the 

building location. 

Detailed Modelling Procedure 

The detailed models are created in a similar way to 

the template models. However, the process of making 

the detailed models is a slightly different three step 

process. The steps are: 

1. Utilising the SketchUp OpenStudio plug-in 

interface to EnergyPlus to build a detailed 

geometrical representation of the real 

thermal zones present in the building; 

2. Using the template values for the 

construction materials and applying them to 

the relevant parts of the geometry that has 

been modelled; and 

3. In EnergyPlus, input the buildings internal 

loads, building schedules and HVAC 

equipment. The internal loads are 

represented as the actual load present in 

each thermal zone. The HVAC equipment 

only conditions the zones that are heated and 

cooled in the real building. 

The detailed model uses the floor plan of the building 

as a tool to decide on an appropriate zone layout. A 

zone layout determines how the building is divided 

into individual thermal spaces. 
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OpenStudio Modelling Procedure 

The modelling procedure for detailed models is the 

same as for the template modelling with a couple 

minor differences. 

The detailed model contains multiple zones which 

are modelled based on building plans. Glazing, 

including the shading devices, matches the size and 

location within each facade as opposed to an 

estimated size in the centre of the wall. 

EnergyPlus Modelling Procedure 

As with the OpenStudio modelling, the EnergyPlus 

modelling procedure is also the same as for the 

template model, the only difference being how the 

schedules and loads are assigned to the individual 

zones. Because there are multiple zones, each zone 

has a specific schedule. For example, internal loads 

for people, lights and equipment are applied to each 

zone as an absolute value. 

Calibration Process For Simulation Models 

The calibration process used in this study is based on 

the work done by Raftery et al., 2009. It “involves a 

process of using genuine as-built information, 

surveys, and measured data to update the input 

parameters of the initial simulation model so that it 

closely represents the real operation of the building” 

(Raftery, et al., 2009). 

The process by Raftery et al, was applied to both the 

template and the detailed model process. The 

calibration process insists on the need to match 

thermal zoning to real energy use patterns. Clearly 

the template modelling process does not follow this 

as thermal zones do not match or relate to specific 

spaces within the building, however the detailed 

model does. All other calibration steps are applied to 

both model types. The following steps are used in the 

calibration process. 

The default materials are replaced by a choice of 

predefined materials which have been compiled to 

match commonly used construction materials within 

New Zealand commercial buildings. 

Before the calibration process, the internal loads such 

as lighting and equipment are based on the average 

maximum allowable energy per square meter as 

stated in the New Zealand Building Codes and 

Standards. During the calibration process, this is 

updated to include the actual number of equipment 

and lights that are within the zones of the building 

and the recorded amount of energy that they 

consume. 

HVAC systems are changed from being an „ideal 

loads‟ system to a building specific system. The 

HVAC system energy consumption is expected to 

have a large impact on the overall calculated energy 

performance. 

The operational schedules are updated at the same 

time as the internal loads and HVAC systems. Using 

collected data on occupant usage and monitoring, the 

operations of the buildings were able to be more 

accurately modelled. 

The final step in the calibration process is to create a 

weather file which matches the time frame for which 

the building performance data has been collected. 

RESULTS AND DISCUSSION OF THE 

MODELLING CONCEPT 

The results that follow examine the argument for a 

standardised modelling process using template files. 

Different Users’ Influence On Building Energy 

Simulation Results 

Figure 3 displays (in blue) the percentage difference 

in EnergyPlus model energy consumption results that 

were produced when two experienced modellers built 

and simulated the same twelve buildings using the 

same template information. Buildings 1, 2, 3, and 10 

had zero differences. 

The two users then worked together to understand the 

differences that occurred. Through this 

understanding, they were able to reduce the margin 

of difference to 10% or lower (Green bars in Figure 

3). The differences in energy modelling are due to 

operational differences and the standardised template 

models along with its corresponding modelling 

procedure aim to prevent these differences.  

The differences that arose were: 

 different materials assigned to surfaces; 

 Building shape slightly different; 

 Building orientation slightly different; 

 Various internal loads missing; 

 Extra surfaces mistakenly being modelled; 

and 

 Geometry differences of +/-0.5m 

 

Figure 3 – Percentage Difference between two modelling 

users 
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This last difference had no perceivable impact on the 

end result. The other factors were shown to be 

essential information in most of the models. 

What is apparent from these results is that any goal, 

which sets the match between detailed and template 

predictions or between model predictions and reality 

that is less than a +/-5% difference, is likely to 

encounter these user-modelling difficulties. 

Template Versus Detailed Model Simulation 

Results 

Figure 4 exhibits the monthly percentage difference 

between the energy performance predictions of the 

template models against detailed models of seven 

different buildings. Figure 5 displays the average 

annual percentage difference and the percentage 

variance range for each building model comparison. 

The percentage difference is the difference in energy 

consumption between the detailed and template 

models over the yearly period. The percentage 

variance is the maximum range of the energy 

consumption difference over the year. 

There is a range of results across the seven buildings 

that appear to be due to the modelling of the 

equipment present in the building. The model with 

the least difference is Building 2; the Building 2 

template model is only 0.1% different from the 

detailed model. This building has no heating and 

cooling plant.. This result seems to indicate that any 

buildings with no space conditioning equipment will 

have practically no error in the calculation of the 

heating and cooling loads. A further two of the 

template models have an annual percentage 

difference of less than 5%. These two buildings have 

a low complexity HVAC system; a simple unitary 

split heat pump. This highlights the potential 

accuracy of the template files. 

The other four template models have differences over 

10%. The higher differences arise from heating and 

cooling plant placement differences. This appears to 

be due to the detailed models having the plant related 

to specific conditioned zones, while the templates 

have the plant equipment across the entire floor area. 

Across all of the buildings models, but one, the 

percentage differences are relatively consistent over 

all the months in the year with a variance range of 

less than 20%. This suggests that the seasonal energy 

consumption from heating and cooling is simulated 

consistently, as well as the internal equipment. 

The one model that has a large variance has a close 

match overall, but varies greatly in the winter 

months. This is due to the heating being under 

simulated as the detailed models conditioned zones 

have less total floor area as the template models 

conditioned zones. 

 

The average annual difference and variance across all 

of the building models were 15% and 14% 

respectively. The recommended percentage 

difference for a calibrated model is: annually +/-5%; 

and monthly +/-10% (ASHRAE, 2002). This 

difference is intended for a comparison between 

calibrated models and real energy use data. However, 

it does provide insight into how the template models 

perform against a detailed model. As three of the 

template models differ from the detailed models by 

under 5% annually, it indicates there is the potential 

the calibrated template models can be just as accurate 

as calibrated detailed models. 

 

 

Percentage 

Difference 

Percentage 

Variance Range 

Building 1 4% 11% 

Building 2 0% 0% 

Building 3 3% 31% 

Building 4 -24% 17% 

Building 5 -11% 6% 

Building 6 -32% 13% 

Building 7 -32% 18% 

Average 15% 14% 

Figure 5 – Annual Percentage Difference and Variance 

Range 

 

 

Figure 4 - Percentage Difference between the Detailed and 

Template Models 
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Case Study - Comparing The Detailed And 

Template Model To The Buildings Real Energy 

Data 

Real energy use data was obtained for Building 2 and 

a comparison of the models against the real data is 

found in Figure 6. The template model results are in 

the red, the detailed model results in the green 

results, the real energy use data is in the blue, and the 

acceptable tolerance for accuracy is in the Black. As 

the template and detailed models produced very 

similar results, they may not be definably visible on 

the graph. 

The simulated results show that when sufficient data 

is available to be input into the model, the results 

produced can be reliable. This is indicated by the 

majority of the results being within 10% of the actual 

building energy consumption. During the months of 

February and March, the simulated results have a 

difference in energy consumption of up to two times 

greater than the other months. This is assumed to be 

because of the way the building was operated during 

this time by the occupants. These operations were not 

reflected in the calibrated schedules used in the 

models. 

Two EnergyPlus Users Thoughts On The 

Template Files 

Two experienced modellers tested the template files. 

They thought the template files are valuable because:  

 “When a lot of building models are being 

created the template models save time when 

modelling the geometry, and creating materials 

and constructions to assign to surfaces. (they 

can see that once the internal loads and 

schedules are standardised and are in the 

template files, the time savings will be even more 

valuable”.  

 “Because there are less variables needing to be 

input and some of the inputs are alterations and 

selection of what is already present in the file, 

the templates help with the consistency and 

accuracy in the building model creation 

process”. 

 “The two users also stated that if they are 

creating building models in the future, they 

would use the templates instead of starting from 

new”. 

Two seminars with client groups of service engineers 

were also held. They identified a need for this type of 

real data used in calibrating models. However, they 

had more interest in the conventional construction 

and schedule data, and the BEES internal loads data 

rather than in the Geometry templates. 

CONCLUSION 

This paper uses a standardised method for creating 

and calibrating energy simulation models to test the 

accuracy of the calibration method against real 

building energy data. 

It was established that the standardised modelling 

method decreased the time to model and increased 

the consistency of created models results between 

two users. It is identified that a standardised 

modelling method is needed due to some differences 

in modelling results at the initial test stages. By 

having a standardised method, the modelling errors 

and differences in results produced by separate 

modellers were minimised. Users of the template 

models have identified that the benefits of using a 

template model are greater than the detailed models. 

Their reasons were the template models saving time, 

reducing errors, and maintaining consistency and 

accuracy while modelling. The users also said they 

would select the templates again over building from 

scratch.  Two seminars with client groups of service 

engineers identified a need for this type of real data 

 

Figure 6 - Energy consumption comparisons for Building 2 
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used in calibrating models. However, they had more 

interest in the conventional construction and schedule 

data, and the BEES internal loads data rather than in 

the Geometry templates. 

It was concluded that the energy consumption results 

of the calibrated template models and detailed 

models have the potential for being closely matched. 

Three calibrated template models had an annual 

difference of less than 5% when compared to the 

calibrated detailed models. The variances that did 

occur are due to the heating and cooling equipment 

simulation. It is also concluded that the two model 

types meet the recommended acceptable tolerance for 

accuracy against real building energy data. It was 

found that the templates have the potential to 

produced results that are within the +/-10% range of 

acceptable tolerance for accuracy when compared to 

the real energy use data (Figure 6). 

Future work on the template models is intended to 

improve the accuracy of modelling in the space 

conditioning services. 
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