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ABSTRACT 
This contribution concerns strategies about how to 
model and simulate the energy demand and the 
energy supply of whole urban districts. For this 
purpose, different specialized simulation tools with 
adapted levels of detail are combined to a higher 
strategy. Reaching sufficient results for complex 
urban district models can be achieved for example by 
a variation in the level of detail of the physics, in the 
space and time resolution of the model or in the 
model accuracy. If there is a possibility to simplify 
parts of the system model without a degradation in 
the results, the simulation can be accelerated 
considerably. A combination of several tools and 
their relation between each other shall be the solution 
for such a complex simulation question. Here, one of 
the challenges is the data transfer from one tool to the 
other for a flexible and detailed analysis. 
The application of these strategies is shown in a use 
case: The simulation and optimization of an energy 
infrastructure system for 2,000 new planned 
residential buildings in a 35 ha urban district, as  part 
of a New Town in Northern Iran. 

INTRODUCTION 
Because of regulations as well as energy saving 
measures, new planned buildings or urban districts 
and furthermore the corresponding building services 
engineering becomes often more and more complex 
for the understanding and the designing. Nowadays, 
the trend goes away from energy supply systems for 
single buildings to (semi-) centralized energy supply 
systems for building blocks or whole urban districts, 
since these energy plants can work with a higher 
energy efficiency and lower operation costs. Because 
of the complexity of these systems, smallest changes 
in their parameters can induce high consequences in 
system energy efficiency. For analyzing and 
understanding these dependencies, it is necessary to 
simulate such building systems with all their relevant 
sub-components and control strategies in a well-
adapted physical and technical description. The 
widely used building simulation tools are only 
suitable for the energetic design of single buildings 
or very small building groups. A detailed full 
dynamic thermal building simulation for an urban 
district over a long time period (e.g. a year) with a 

huge amount of thermal consumers models (multi 
zone-buildings with solar and thermal inter-relations 
among each other, like row-houses and shadowing), 
energy distribution models (distribution inside and 
outside of the building, district heating  networks) 
and energy plant models (central, de-central, and 
semi-central variants) overstrains the currently 
available simulation tools. There is no overall 
software which is able to simulate such a complex 
situation. 
The CitySim-project (Robinson et al., 2009) is an 
interesting approach for a simplified calculation of 
the heating and cooling demand of the buildings in a 
city district and concerns amongst other aspects the 
important long-wave radiation exchange within the 
city topography, which enable the tool the calculation 
of the urban heat island effect. Up to now, a detailed 
thermal building simulation and an energy plant 
simulation incl. network distribution on district level 
isn't supported by CitySim. 

APPROACH 
Global data handling 
For a simulation-based planning of energy efficient 
urban districts, lots of complex boundary conditions 
from the fields of urban planning, the architectural 
design and building services engineering have to be 
taken into account. It begins with the development of 
an adequate urban form and the corresponding 
building types and ends with the specification of a 
typical user behaviour. For such a comprehensive 
approach, fit and proper tools have to bundle the 
complex information in a global platform. 

 

Figure 1 View on an extract (a sub-neighbourhood 
with four building blocks and a small district heating 

grid) of the newly planned 35 ha district in 
Hashtgerd New Town (Iran), modelled in Q-GIS 
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To represent these huge amounts of influence 
parameters, a GIS (geographic information system), 
for example Q-GIS (Q-Gis, 2011)) is able to collect, 
bundle and view complex data sets for every part of a 
digital district model (compare with Figure 1). 

Simulation approach 
Before the design of a simulation model can start, it 
has to be specified what should be analysed and 
answered with the simulation analysis. In general, a 
huge number of (simulation-)tools are available for 
this purpose, each with its own advantages and 
disadvantages. Very often, two or more of these tools 
have to be combined and coupled to obtain a 
sufficient solution for the desired simulation 
scenario, e.g. a building simulation tool and a plant 
simulation tool. 

GIS

therm. building
simulation model

CAD

plant simulation

weather

 

Figure 2 Integrated method for urban district 
simulation models 

First of all, in the design process the urban district 
and the belonging building types are modelled by the 
urban planners and architects with the help of GIS 
and CAD tools. In addition, local climate data, e.g. 
from tools such as Meteonorm (Meteonorm, 2011) 
are used for modelling the boundary conditions of the 
local climate. After the questions to the energetic 
simulation models are defined, estimations of the 
physical behaviour of the buildings and of the energy 
infrastructure systems for the heating, cooling and 
electrictiy supply can be done with an adequate 
selection of building simulation tools (Figure 2).  
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Figure 3 Possible simulation resolutions 

In Figure 3 are different calculation and simulation 
methods shown, which can be used in principal for 
the energetic district simulation. In most cases, it 
makes sense to begin during the planning process 
with a strongly simplyfied calculation method,  
followed by more and more refined method. 
 
1. Spreadsheet analysis for first estimations 

Spreadsheet analysis provides a good overview and 
quantitative impressions before an entire building or 
a plant simulation has to be done. With such an 
analysis, first estimations about the demand of 
energy resources can be made and several energy 
supply systems can be compared with each other. 
With such an analysis, which is mainly based on 
monthly average values, variants of energy concepts 
can be roughly analysed and compared.  
 
2. Non-integrated building or plant simulation 
A stand-alone thermal building simulation is the 
common way for engineers to compute and learn to 
understand the thermal behaviour (thermal loads, 
thermal comfort etc.) of the designed building. With 
such a dynamic thermal building simulation, e.g. 
over the 8,760 hours a year, the energy loads are 
often computed with “ideal loads”. These loads are 
used to obtain the defined zonal temperatures as ideal 
loads under consideration of the thermal behaviour 
(thermal capacity, solar gains, thermal losses, air 
change rates) of the building envelope and its 
inhabitants and usage. Doing this, the room air 
temperature is equal to the set room air temperature. 
Such a simulation does not really represent the real 
zonal characteristic, because it partly ignores the 
impact of the thermal capacity of the building and the 
influence of control strategies of the used HVAC-
systems. The room temperature can not overshoot, 
because the data exchange of the two simulations 
will take place in only one direction. 
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Figure 4 Chronological sequence of a combined 
building and plant simulation. The simulations will 
take place temporally one after the other. The data-

exchange occur using data-files. 

An advantage of this system is the flexibility of the 
used simulation systems. Nearly each simulation tool 
can handle the import and export of text-based tables. 
The stand-alone thermal plant simulations are similar 
to the stand-alone thermal building simulations.  
Assumptions for the energy demand of the building 
or other consumers have to be made (e.g. as a 
coupled load file with results from the stand-alone 
building simulation, see Figure 4) and do not 
represent the real plant characteristics. 
 
3. Integrated building and plant simulation 
A high-resolution dynamic thermal building 
simulation and a dynamic thermal plant simulation, 
combined in one common system model, can 
calculate all the physical and technical interrelations 
and is able to provide simulation results in a high 
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precision. The prerequisite is that the simulation 
models for the building, the energy conversion and 
the energy distribution are very accuracy and can 
interact with each other in all relevant parts of the 
physical problem (Figure 5). 
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Figure 5 Integrated Building and plant simulation  

A disadvantage of this approach, especially in the 
district simulation context, exists in the need of a 
huge amount of computer resources for the one used 
simulation tool. 
Therefore, an alternative simulation approach could 
be the combination of two ore more different 
simulation tools through the help of a framework for 
simulation tool coupling (Figure 6). 
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Figure 6 Coupled building and plant simulation  

Such a coupling system can exchange data in both 
directions and simulate at the same time. The 
advantage of such a system is the communication 
between both simulators. It is now possible, to take  
specialised simulators (which is designed for this 
problem) for the building and the plant simulation.  
In our case, the simulator for the thermal building 
analysis was EnergyPlus and  the modelling approach 
for the energy plant was Modelica (Modelica, 2011), 
simulated with Dymola (Dymola, 2011). 
With this combination it is now possible, to use the 
Modelica FluidFlow library with HVAC components 
(Ljubijankic et al., 2009). It is now possible to 
simulate a whole interacted system without quality 
losses in comparison to the integrated simulation 
approach. In such a simulation, the room 
temperatures are now computed more realistic than in 
the uncoupled case. Because the system simulation 
model is distributed on several sub-models, the 
needed computer resources for each single simulaton 
tool can be drastically reduced. This way a 
distributed simulation on different computers cores 
can accelerate the system simulation, if the sub-
system models are only weak coupled among each 
other (for example: EnergyPlus isn’t able to run it’s 
simulations on several cores. But if the large system 
model of a building group is split up into a number of 
sub-models, which are weak coupled with a further 
sub-model of district heating net, it is possible to run 
some EnergyPlus tasks in parallel, which are 
numerically integrated among each other with 
BCVTB-tool (Wetter, 2011)). 

4. CFD simulation for specific issues 
For very specific problems, a three-dimensional 
Computational Fluid Dynamics (CFD) simulation 
can answer detailed questions such as the thermal 
comfort conditions of the occupants inside a building 
or the wind flow pattern around and within a building 
group in a restricted local area. 

 

Figure 7 CFD calculated temperature field and 
velocity field for the heating case of a residential 

building 

Figure 7 shows an example of the 3D-temperature 
and velocity fields for the heating case of a 
residential building, calculated by a CFD analysis. 

SIMULATION AND MODELLING, 
DEMONSTRATED IN A USE CASE 
In the following use case, elements of the above 
described simulation approach were evaluated. The 
single used simulation models were developed in the 
context of the Young Cities Project. 

Young Cities project 
The Young Cities research project is a German-
Iranian research project, where a new district with 
2,000 living units for 8,000 inhabitans, distributed 
over a 35 ha area as a part of the New Town 
Hashtgerd is designed and implemented. Because of 
the enormous population growths in Iran (nearly a 
duplication within the last 30 years (Factbook, 
2011)), there is a huge demand for new living space, 
particularly in the near surroundings of the big 
Iranian cities. Hashtgerd is located 100 km west of 
Tehran, near the Alborz Mountains. 
The multi-disciplinary project includes a huge 
amount of dimensions such as urban planning, urban 
design, architecture, landscape planning, 
transportation planning and mobility management, 
climatology, water & waste water and energy 
management. The project wants to demonstrate how 
to develop and implement innovative strategies for 
achieving energy-efficiency in climate regions like 
Iran (hot and dry summers but although cold 
winters).  
The yearly solar irradiation in Northern Iran is about 
1,800 kWh/m2a in comparison to the average solar 
irradiation in Western Europe, which is almost half 
of that with 1,000 kWh/m2a. 
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Figure 8 Still free area of the new planned district in 
Hashtgerd New Town (Iran) 

Regarding such a high solar irradiation, there is a 
huge potential to use the solar radiation to gain 
renewable energy. 
Furthermore, in the developed Iranian areas there 
exists a natural gas infrastructure, and, together with 
energy subsidies of the Iranian goverment, nobody 
uses renewable energies up to now. In December 
2010, these subsidies were drastically reduced 
(Spiegel online, 2011), and now it becomes more and 
more profitable to use renewable energies in the 
developed Iranian regions.. 

Simulation Models for the “35 ha area” 
For the energetic design of the developed building 
types in Hashtgerd, detailed 3D building models (see 
figure 18) were geometrically modelled in Autodesk 
Ecotect (Ecotect, 2011) and used for a detailed 
thermal building simulation analysis, based on 
EnergyPlus (EnergyPlus, 2011). The spatial 
resolution possibilites are shown in Figure 9. 
Based on the results of the energy calculation of the 
several residential building types (determined with 
EnergyPlus, 2011), the total energy demand for each 
sub-neighborhood and for the total 35 ha area was 
calculated. With these detailed informations about 
the energy demand and the thermal  behavior of the 
buildings under the influence of the local climate, 
several energy supply concepts were checked and 
four different efficient energy supply systems were 
designed and analyzed in detail. 

 

Figure 9 Possible simulation resolutions, from the 
single zone scale to the whole 35 ha area 

The goal “energy efficiency” can be reached with 
several methods, for example by using common 
Iranian building technologies in different ways, or by 
the improvement of these technologies. Another 
possibility would be the use of available renewable 
energy sources, for example the very high potential 
of the solar irradiation with the help of solar thermal 
technologies for heating and cooling. These 
advantages and disadvantages of the different 
technologies for the energy transfer from the energy 
supply systems into the thermal zones of residential 

buildings (cooling ceilings, heating and cooling 
induction devices etc.) are computed and compared. 
The compared different systems are:  
Reference System Code 19:  Belong to the Iranian 
Energy Code (Kari et al., 2007), a residential 
building was modelled with the standard Iranian 
construction method (heating demand: 77.5 
kWh/(m2·a), cooling demand 31.7 kWh/(m2·a)) and 
the traditional energy supply system is used (standard 
gas boiler and evaporative air cooling system) . 
De-Central System 1: This system includes a natural 
gas calorific boiler, a solar thermal system for hot 
water and heating assistance and an evaporative air 
cooling system with a cooling recovery unit. 
De-Central System 2: The heating system of this 
system is the same as in the de-central system 1, but  
the cooling system is based on a combination of 
photovoltaic moduls and a compression chiller. 
Semi-Central System: In the semi-central system a  
centralized cogeneration plant produces heat and 
power from natural gas and supplies the buildings of 
one sub-neighbourhood over a small district heating 
system with thermal energy. The cooling energy and 
a part of the heating and warm water generation is 
allocated by a solar cooling system with small 
absorption chillers. 
Central System: The centralised version includes 
only one big (natural gas) cogeneration power station 
and one district heating system for the whole 35 ha 
area. The cooling energy generation works in the 
same manner to the semi-centralized version with 
solar cooling on the sub-neighbourhood level. 
For all four energy systems the energy effiency of the 
building envelope was significantly improvend by 
the use of well insulated opaque building elements 
and an improved window qualitiy (heating demand: 
32.8 kWh/(m2·a), cooling demand 29.8 kWh/(m2·a)). 
In Figure 10, the results of a cost and CO2 emission 
analysis of the  five system variants are shown. The 
main statements are: 

 The CO2 emission of each variant was 
reduced about more than 50 percent against 
the reference system. 

 The live cycle costs of the De-Central 
System 1 are nearly the lowest. 

 The investment costs of the De-Central 
System 1 are on except of the Reference 
System Code 19 the lowest. 

 The  preferred variant is the “De-central System 1”. 
This system is partly based on widely used Iranian 
technologies and is easy to implement and very 
simple structured. 
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Figure 10 Costs and CO2 emission comparison 
between the different supply strategies 

Model hierarchy 35 ha area – “Central System”: 
The “Central System” is a system with central heat 
generation by a co-generation plant on the 35 ha area 
and a semi-central thermal driven cooling system on 
Sub-neighbourhood level (see figure 11). 
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Figure 11 Flow chart of the central heating and 
cooling system, for a Sub-Neighbourhood 

The energy load for the whole 35 ha area includes the 
load of the residential and non-residential buildings. 

 

Figure 12 Comparison of the heating and cooling 
load for each Sub-Neighbourhood on the 35 ha area 

The overall load is 11,3 MW (33,6 W/m2) for heating 
and 10,7 MW(31,8 W/m2) for cooling. Figure 12 
shows the different heating and cooling loads for 
each Sub-Neighbourhood. 
For one Sub-Neighbourhood (SN 33), a dynamic 
thermal simulation with a cogeneration, an 
absorption chiller and several thermal solar collectors 
was done with Modelica (Modelica, 2011) and 
EnergyPlus (see Figure 14) by the use of the 
Modelica library Fluid Flow (Ljubijankic et al., 
2009).  
Figure 13 shows the thermal building model for the 
entire Sub-Neighbourhood. 

 

Figure 13 Thermal building model of an entire Sub-
Neighbourhood (SN 33) 

The data-exchange between the building and the 
plant simulation occurs by using data-sets with 
hourly values for the heating and cooling demand, 
obtained by a dynamic thermal building simulation. 
These hourly values were interpolated and read  in to 
the modelica plant simulation by the use of the 
ncDataReader-technology (ncDataReader, 2011). 
 

 

Figure 14 Plant diagram of the improved heating 
and cooling system  

Based on the computed cooling energy demand, 
several solar coverage rates are determined with 
different collector areas (from 300 m2 up to 
1900 m2).  
In consideration of storage- and distribution losses in 
the plant system, a coverage rate of nearly 100 
percent is possible by using the whole roof area 
potential (see Figure 15). 
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Figure 15 Solar coverage rates of the thermal driven 
solar cooling system 

Model hierarchy single building - “De-central 
System 1”: 
This is an improved Iranian cooling technology and 
modified heating system with solar thermal collectors 
and condensing technologies (De-Central System 1). 
The improved Iranian cooling system is an extension 
of a conventional Iranian evaporating cooling system 
with a few additional components.  Theses additional 
componets are: A second air duct for the waste air 
and an heat recovery unit for pre-cooling the outside 
air.  
With these extensions and by introducing some new 
components, the energy and water consumption can 
be dramatically reduced. Furthermore, all 
components of the heating system (thermal storages, 
distribution pipes etc.) were covered with an 
insulation for a significant reduction of the thermal 
losses and the energy efficiency of the building 
envelope was clearly improved. 
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Figure 16 Flow chart of the improved heating and 
cooling system for a single building 

In addition, solar thermal collectors were installed on 
the roof of the building. The gained solar energy is 
primarily used for domestic hot water supply. 
Secondarily, the heating system is partly supported. 
The analyzed building consists of eleven different 
zones and is shown in Figure 18. This building model 
is generated with Autodesk Ecotect and can be 
simulated with EnergyPlus. In the following studies 
different ways of computig the heating energy 

demand are explained and shown as a summary in 
Figure 20.  
“Ideal  load” approach: The first approach is the 
“ideal load” approach and was calculated with 
EnergyPlus. The constant orange line in figure 20 
shows the desired temperature and the “ideal Loads” 
to reach this set-temperature in figure 21. Such a 
constant line isn´t very realistic because of the 
capacity of the building and the control parameters.  
Coupled approach: This simulation is a co-
simulation between Modelica and EnergyPlus, 
coupled with the Building Control Virtual Test Bed 
(BCVTB, 2011). This is a software environment for 
coupling different simulation programs with each 
other. This co-simulations allows to integrate the 
thermal building model, based on EnergyPlus 
building with the Modelica plant model, calculated 
with Dymola.. Figure 17 shows the BCVTB system 
model with the two mentioned simulators.  

 

 

Figure 17 Coupled Modelica and EnergyPlus model 
with BCVTB (Building Control Virtual -Test Bed) 

This geometry model (Figure 18) is the base of the 
EnergyPlus file and shows the eleven different 
thermal zones. Each zone is coupled with the 
BCVTB. 

 

Figure 18 3D-geometry model (generated with 
Ecotect) for the thermal EnergyPlus simulation 

model 
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The next necessary model for the co-simulation 
approach is the Modelica model, based on the Fluid 
Flow library. In Figure 19 the several heat exchanger 
stations and the entire distribution net of the building 
are shown. 

 

Figure 19 Modelica model of the heating plant with 
11 heat-exchange stations (equivalent to one radiator 

per zone) and the coupling interface to BCVTB 

As results of this co-simulation, the different heating 
demands and zonal temperatures are shown in 
Figure 20 and 21 for one winter week. In comparison 
to the constant orange line in figure 20, the zonal 
temperatures are now alternating. Althoug the loads 
are not equal. 

 

Figure 20 Temperature of one zone 

The difference between the heating load curves is a 
result of the thermal mass and their activation. In 
Figure 21, the ideal loads are the lowest, because of 
the direct heating energy into the air. 
The heat input into the zones occurs through 
radiators. There is a disparity between the ideal loads 
and the real physical model of a radiator. For theses 
radiators, the fraction between radiation and 
convection was varied and analyzed exemplary.  The 
radiation fraction was varied two times, between 50 
and 100 percent. 

 

Figure 21 Heating load of one zone 

The difference (shown in figure 21,  orange (ideal 
loads), blue and red line) is enormous and represents 
the discrepancy between a single building simulation 
and a co-simulation with building and plant model. 
With the coupled approach, it is possible to model 
the building and the plant and the distribution in 
detail!  
The differences between the temperatures are 
influenced by the thermal lag and the control quality. 
The temperature rises even in the ideal case over 
more than the set temperature on day 3 because of 
the internal gains of the zone. 

CONCLUSION 
The simulation of an entire urban district with a huge 
number of buildings and a complex plant overstress a 
current standard simulation tool. The approach of a 
coupled plant and building simulations can solve the 
problem of the realistical representation of the 
situation. 
A coupling of several simulation tools is necessary if 
special simulation questions want to be answered. 
Some questions or problems can be solved only with 
a specific tool, and therefore make it essential to use 
co-simulations. With a co-simulation of a thermal 
building and a plant simulation is it possible to be 
very detailed and complex for both simulations. For 
each simulation is the modeling tool ideal choosen 
for this task. 
The methodology for the simulation of large urban 
models was first presented and afterwards shown in 
two examples. With this knowledge, it is now 
possible to calculate a district as multiple thermal 
building simulations (for example in EnergyPlus) 
combined with a detailed plant and distribution 
network (in Modelica) in an entire simulation 
(coupled with BCVTB) framework. 
Furthermore, it is possible for larger thermal models 
to couple several instances of the simulator with each 
other. In this approach, it is pointed out that through 
this multiple models can be calculated parallel on 
different cores, and therefore the calculation time is 
significantly reduced.  
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