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Abstract 
Energy simulation is an emerging field of research in the 
domain of architecture and urban planning. Concurrent 
to the advances is the development of respective 
simulation techniques and processes to constitute the 
reference case close to reality for evaluation of future 
emission reduction measurements on district or urban 
scale. Currently, prevailing urban energy simulation 
tools follow two distinct approaches: cumulating 
building energy simulation (bottom-up) or generalizing 
building stock by statistical data (top-down). This paper 
compares the results of energy demand simulation using 
TRNSYS as a bottom-up building simulation software 
and the CEA toolbox as a simplified, top-down GIS 
software tool of five non-residential case study buildings 
in Weimar, Germany. Results are validated with 
measured energy consumption data. The results shall 
answer the question if a simulation utilizing statistical 
data is accurate enough for the prediction of energy 
efficient urban energy scenario development. 

Introduction 
Urban energy simulation is still a nascent field, applying 
a great variety of software tools that are ranging from the 
analysis of precise building systems specifications to 
generalized GIS data, each requiring a different level of 
detail and information. Currently, bottom-up building 
simulation tools applied to urban territories by 
accumulation of individual energy demand results 
promise the most accurate demand forecast given the 
great level of detail in each building considered 
(Reinhart, 2016 and Allegrini, 2015). Shifting from 
building to urban scale, however, the increasing number 
of buildings profoundly enlarges not only the simulation 
database, but also the process of data retrieval is 
rendered difficult through heterogeneous ownership. In 
addition, simply the amount of required data for bottom-
up simulation software is enormous and therefore, data 
allocation is also very time consuming. Regarding the 
aspired simulation of whole cities for energy demand 
prediction, most of the data will not be publicly or 
sufficiently available (i.e. u-values of the building skin, 
technical data of building systems or ventilation rates) 
and therefore might be impossible to determine for 
bottom-up simulations.   
 Thus, on-going research focusses on simplified models 
for data allocation in urban areas, such as, drone flights 

for utilising geometry data of buildings (Hallermann, 
2016) and thermographic images to determine thermal 
properties of building envelopes (Benz, 2017). Before 
integrating these new methods of data collection into a 
versatile, precise and robust urban energy demand 
modelling framework, the most-critical parameters for 
urban energy simulation need to be determined to further 
characterize the distinct building properties that require 
very detailed information in order to achieve accurate 
simulation results. Secondly, the robustness of currently 
available urban energy simulation tools needs to be 
reviewed critically and the question of how to further 
reduce the complexity of urban data allocation needs to 
be addressed. Therefore, this paper focusses on the 
accuracy of both simulation approaches in matching the 
demand data being based on the same coarse data set as 
a robust status quo analysis.  
Case Study 
To identify advances and shortcomings of bottom-up and 
top-down simulation approaches and to validate the 
simplification of input data, five non-residential 
buildings, constructed between 1854 and 2014, located 
on the campus of the Bauhaus-Universität Weimar, 
Germany, have been simulated with TRNSYS, 
representing a building simulation software that requires  
high level of detail for each building. As a consequence, 
site inspections and construction plans are required to 
access information especially on construction details for 
thermal properties of the building envelope, occupancy 
levels as well as ventilation systems and rates. In 
addition, the same buildings have been simulated with 
the GIS-based City Energy Analyst (CEA) framework, 
applying mainly statistical archetype data for energy 
demand determination. The results of both approaches 
are compared to available building age classified 
demand data and measured consumption data for 
validation.  
The applied building types are as follows: 
• BH9a: university building (lab & office); built in 

2014, Figure 1 
• BH9c: university building (seminar & office), 

“Passivhaus” construction; built in 2014, Figure 2 
• BA 1: university building (seminar & office), listed 

building, built in 1854, refurbished in 2000, Figure 3 
• BA1a: university building (seminar, computer pool 

& office), built in 2001, Figure 4 
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• GS8a/b: university main building  (seminar & 
office), UNESCO World Heritage Site; built in 1911, 
refurbished in 2000, Figure 5 & Figure 6 

  
 Figure 1: Building BH9a   Figure 2: Building BH9c 

  
 Figure 3: Building BA1   Figure 4: Building BA1a 

  
 Figure 5: Building GS8a   Figure 6: Building GS8b 
TRNSYS: Bottom-up Simulation Approach 
TRaNsient SYstems Simulation (TRNSYS) being a 
bottom-up tool is an in-depth simulation environment for 
the transient simulation of building systems including 
multi-zone buildings (TRNSYS, 2018) 
TRNSYS necessitates detailed information on the 
buildings such as layering and thermal properties of 
building elements, window-to-wall-ratio, electrical 
appliances, ventilation rates for each zone and number of 
occupants per zone. To achieve robust simulation results, 
comprehensive on-site surveys have to be pursued, 
especially when considering occupancy and influencing 
factors such as electrical equipment. In combination with 
related consumption data for validation of the simulation 
model, a bottom-up simulation can present insightful 
results and can yield important advice on improving the 
efficiency of building envelopes, building systems as 
well as determining the influence of occupant behaviour 
on the energy efficiency, not only on a single-building, 
but also on a district level. On the other hand, precise 
modelling can only describe the current function of each 
building not taking into account possible future changes 
that will have a significant impact on internal loads by 
occupancy and building system configuration.  
Despite its algorithmically precision TRNSYS can only 
generate predictions which need to be reviewed and 
interpreted with regards to the specific boundary 
conditions and assumptions, both on a local and global 
level (Katscher, 2018) 

City Energy Analyst: Top-town Simulation Approach 
City Energy Analyst (CEA) was developed to serve as a 
software tool for time- and work-efficient assumptions 
on the energy demand of city quarters (CEA, 2018). Its 
main purpose is the comparison of different urban 
energy supply scenarios to evaluate energy efficiency 
measurements against each other. To provide energy 
demand predictions for merely unknown city quarters 
without accessing specific building and construction 
plans, and also building system properties, CEA offers 
default databases on occupancy schedules, internal 
energy loads, indoor comfort parameters, building 
systems, envelope construction systems and emission 
systems based on building stock archetype data. To link 
the archetype data to the individual building, solely 
general input on the building geometry (such as number 
of floors and height), construction year and 
refurbishment year(s), building system typology and the 
main building function are required.   
Energy Consumption Data/Validation 
In this paper, the comparison of the energy demand 
prediction of the bottom-up software TRNSYS and the 
top-down software CEA is compared to the given 
consumption data of the year 2015.  
Modelling and Boundary Conditions 
As the compared simulation approaches work with very 
distinct starting points for both the geometrical model as 
well as the determination of the boundary conditions for 
the simulation environment, the following chapter will 
give a detailed overview of the input parameters for both 
TRNSYS and CEA individually. All information is 
summarised in Table 3. 
Geometrical Data 
TRNSYS: The Bauhaus University Weimar provided the 
blueprints as well as the section and elevation drawings 
of the case study buildings, allowing to generate a 
precise three-dimensional geometrical model using the 
Plugin TRNSYS3d for Google SketchUp. As the model 
requires two-dimensional exterior walls, either the gross 
floor area or the net floor area can be modelled. 
Subsequently, heating and cooling simulation results are 
thus calculated per square meter and afterwards 
extrapolated to the overall net floor area. As such, the 
geometrical model functions more as a reference 
building. In this case study, basements of GS8a/b, BA1 
& BA1a are not considered since they are not occupied 
and therefore unconditioned. Small extensions like 
entrances or bay windows as well as terraces were not 
geometrically included into the 3D model to reduce 
complexity in geometry and zoning.  
CEA: The German federal state Thuringia provides 
spatial data via a 3D GityGML building model (LoD1, 
LoD2), being offered by the Geoportal Thüringen (2018) 
and being generated from LAS data of landscape and 
terrain and shape-files of cadastral plans open source 
(ALKIS). For this case study, the CEA model is based 
on footprints of the cadastral plan, elevated by the 
number of floors matching the building height of the 3D 
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model. Basements are considered. Extensions are 
modelled as individual buildings, i.e. GS8a/b in this case 
study based on the partition of the cadastral plan. As in 
TRNSYS, smaller extensions and terraces are not 
considered within the LoD1 or LoD2 models. The floor 
area net is determined by 90 percent of the gross floor 
area.  

Table 1: Variation of gross floor area by application. 
Build-

ing 
Floor area net  

(m2) 
Deviation to 

blueprints (%) 
 Blue-

prints 
TRNSYS CEA TRNSYS CEA 

BH9c 544 524 604 96 111 
BH9a 1021 949 991 93 97 
BA1a 913 913 790 100 87 
BA1 1021 1021 942 100 92 
GS8b 382 382 396 100 104 
GS8a 3572 3572 3587 100 100 
Case 
study 

7453 7361 7310 98 98 

Table 1 shows the deviation of up to 11 % of the gross 
floor area depending on the data source as a prerequisite 
input parameter for energy demand simulation.  
Zoning & Building function 
TRNSYS: A detailed multi-zone model is described in 
TRNBuild with each zone being assigned its usage 
subsequently with its own set points for heating and 
cooling and its internal loads according to its usage. In 
this case study, the 6 models incorporate between 7 
(BH9c) and 24 (BH9a) zones. 
CEA: The number of floors accounts for the number of 
zones within one building. In this case study the number 
of zones included 3 to 4 zones. Different building 
functions can be determined as a percentage of the total 
building. Like TRNSYS, the default database of CEA 
defines zone-individual set points for heating, cooling, 
and internal loads.  
Occupancy 
TRNSYS: The TRNSYS simulation of the case study 
buildings includes five occupancy schedules in total: 
type 31 “office”, type 41 “school”, type 44 “lecture hall” 
and two customized schedules such as “meeting room” 
(occupied once a week on average, 09:00-18:00) and 
“basement” (1 hour on workdays).  
CEA: As CEA does not offer an occupancy type for 
universities and other higher education typologies, the 
occupancy types “office” for staff offices and 
administration buildings was chosen and in addition the 
occupancy type “school” for buildings housing mainly 
seminar rooms and lecture halls as absence during 
school holidays was taken into account leading to lower 
internal gains and occupancy hours.  
Building Envelope Properties 
TRNSYS: Documents regarding the construction of the 
case study buildings were provided by the Bauhaus 
University Weimar for all six case study buildings. With 
BH9c aiming to be certified as a “Passivhaus”, lacking 
information can be inferred from the “Passivhaus” 

standard’s guidelines, whilst necessary assumptions for 
BH9a were derived from the German “EnEV” (energy 
saving regulation) standard at the time of construction. 
Given the detailed three-dimensional geometric model, 
window-to-wall-ratios were accurately represented in the 
TRNSYS simulation models. 
CEA: The City Energy Analyst toolbox provides a 
default database, which assigns U-values according to 
the building type, construction year and refurbishment 
year as input parameters. Although CEA is based on 
Swiss building standards and regulations, the U-values 
of the buildings of the case study proved to be within an 
acceptable range to the given construction details as 
shown in Table 2.  

Table 2: U-Values by source 
Building BA1 U-value 

blueprints 
U-value 

CEA 
U-Value 

TABULA 
Exterior walls 1.27 0.8 2.0 

Roof 2.62 0.3 2.6 
Windows 2.6 3.1 2.8 

The building BA1 displays an exception that might 
occur more often in the case of an existing building 
stock model: It was initially erected as a residential 
building but has been reused as an office building. 
Currently, the combination of construction properties of 
a residential building and an office occupancy cannot be 
modelled in CEA. In addition, the model of BH9c does 
not provide a “Passivhaus” standard that can be assigned 
by modification to the default database. 
Building Systems 
TRNSYS: TRNSYS3D offers predefined components 
and connections for heating/cooling demand calculation 
based on SIA2024 and ASHRAE standards and 
mathematical equations. Additional components and 
equations can be included to achieve the desired 
precision in the results. In this case study, merely the 
required heating energy is simulated disregarding the 
actual heating system and therefore any system losses 
given the complexity in required information (such as 
radiators, floor heating etc.). However, if TRNSYS is 
being equipped with input on building system loss 
factors as i.e. in DIN 4701-10,   the end energy and/or 
primary energy could be easily calculated.  
In this case study, the heating set point was adjusted to 
20° during the day/occupancy and 17°C otherwise.  
Ventilation was defined as a combination of natural 
ventilation: 20m3/h/person or 1500 ppm CO2; according 
to type 44 “lecture hall” and mechanical ventilation 
(30m3/h/person or 1000 ppm CO2 (steady state 
condition). Infiltration varied between 0.04 1/h and 0.07 
1/h amongst the buildings. For BH9c based on local 
facility management information, ventilation was 
equipped with a customised schedule displaying varying 
air exchange rates. Here, the TRNSYS software model 
acknowledges sophisticated data input on passive heat 
sources and combinations of different sources, for 
example BH9c is aiming to comply with the 
“Passivhaus” standard and therefore using its internal 
gains as the primary energy source. In case of internal 
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gains are insufficient, the building is fed by the surplus 
heat generated by the adjacent building BH9a. 
CEA: In comparison, CEA input on energy supply does 
not acknowledge conditional statements on varying 
energy sources and supply systems. CEA offers a default 
database on heating, cooling, domestic hot water and 
electricity systems based on Heeren (2009) and SIA 
2040. In contrast to TRNSYS, the user can choose 
between several common heating systems for each 
building, representing a user-friendly approach against 
the background of a potential analysis task for an 
unknown city quarter. However, the database is 
considerably limited since it only offers up to five 
system types for each building system category. In this 
case study, high-temperature and medium-temperature 
radiators and floor heating was applicable in CEA. In 
contrast to TRNSYS there is a predefined heating and 
cooling season from 16 Sept–14 May/15 May-15 Sept. 
Heating set point is 22°C and cooling set point to 24°C 
by default for offices. Ventilation is set by default to 
mechanical ventilation with demand control for all 
buildings based on the occupancy type office. 
Energy Supply 
TNSYS: As TRNSYS calculates the required heating 
energy disregarding the actual heating system, there is 
no information or input available in this case study on 
the energy source or the local/urban supply system.  
CEA: Running the basic demand forecast in CEA 
considers fossil fuels as energy source as a first step 
depending on the heating system input. In this case 
study, the buildings GS8a/b, BA1 and BA1a are supplied 
by oil; the buildings BH9a and BH9c by natural gas. As 
a next step, the energy source can be changed to 
renewables, being centred on the energy potential 
analysis within CEA for the specific site.  
Weather Data 
The weather data can be obtained as TRY (German Test 
Reference Year) data for both software types. Until 
recently, the weather data for region 9 (with its reference 
station Chemnitz) was used. The weather data set could 
then be adjusted slightly to the locations altitude and city 
context. Lately however, the TRY 2017 database has 
been updated to locally available weather data accurate 
to one km2 (Ahrens, 2018). As this data is currently not 
available in an epw-format and TRNSYS 17 does not 
support the import of the newest format, the TRY 2010 
data has been used for this case study (TRY, 2010). 
TRNSYS: Allowing for the import of an adjusted 
weather data set according to the locations altitude and 
city context the test reference year can be customised.  
CEA: CEA does not allow for the former localized 
weather file, however landscape conditions are imported 
from GIS data.   

Table 3: Input data. 
Data CEA TRNSYS 

Geometrical 
data 

LoD1 + no. of floors. 
Extensions are 

modelled as 
individual buildings. 
Dimensions derived 

from Geoportal 
Thüringen (2018) 

LoD3 + partially 
interior walls which 

separate zones;  
dimensions derived 
from construction 

plans.  

Zoning Multizone model by 
no. of floors (case 

study: 2-4) 

Multizone model by 
rooms function 

(case study 7-24) 
U-values Archetype data based 

on Heeren (2009) 
and SIA 2040 

Derived from 
construction plans/ 

customized 
Window-to-

wall ratio 
Archetype data based 

on Heeren (2009) 
and SIA 2040 

Derived from 
construction plans 

Building 
systems - 
heating 

Radiators (GS8a/b, 
BA1, BA1a) & floor 

heating (BH9a, 
BH9c); heating set 

point 22°C;  
heating season:  

16 Sept – 14 May  

BH9a & BH9c: 
heating set point 

20° during the day / 
occupancy and 

17°C otherwise; no 
specific heating 

season 
Building 
systems - 

ventilation 

Archetype data based 
on Heeren (2009) 

and SIA 2040, 
default: mechanical 

ventilation with 
demand control 

Combination of  
Natural ventilation 

& mechanical 
ventilation.  

Occupancy 
schedules 

Office Type 31 „office“, 
type 41 „school“, 
type 44 „lecture 

hall“, customized 
schedules  

Energy 
source 

Oil & Natural gas n/a 

Weather 
data 

.epw-file TRY 2010 
Region 9; no local 

adaptation 

TRY 2010 Region 9 
with local 
adaptation  

Shading by 
surrounding 

buildings 

included included 

Comparison and Results 
Due to the deficiency of building typology databases for 
non-residential buildings, energy simulation software 
provides a methodology for energy efficiency scenario 
analysis based on status quo demand simulation. The 
results of the top-town software were expected to show 
high deviation to the demand data whereas usually 
bottom-up approaches display greater accuracy. In this 
case, results revealed the opposite. Whereas the CEA 
toolbox simulation of the five buildings only shows a 
root-mean-square-error (RMSE) of 2%; TRNSYS 
displays significantly higher deviation in single building 
prediction as well as in total consumption of the 
“quarter” with a RMSE of 11 %. It needs to be pointed 
out that the simulation models were not calibrated 
according to the consumption data as this would usually 
be part of the process. Only this way, the initial research 
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question of the applicability of both approaches based on 
the same, data set can be answered. In many cases, 
consumption data for city quarters will not be available 
for model calibration. Due to the high variation of 
demand prediction, a detailed analysis of the individual 
energy demand results of both software tools was carried 
out.   
Heating Demand 
As shown in Figure 7, the simulated heating demand 
displays variations by building as well as regarding the 
simulation software results of TRNSYS and CEA. 
Respectively, the results of TRNSYS are lower than the 
actual consumption for 3 of the 6 buildings and higher 
for the rest, whereas the CEA calculates higher space 
heating demand than consumption for only two of the six 
buildings. In total, CEA predicts lower space heating 
demand than TRNSYS. While CEA seems to predict 
higher demand for buildings constructed after the year 
2000 (BH9c, BH9a and BA1a), TRNSYS calculates 
higher demand for refurbished buildings as building 
GS8a, GS8b and BA1.  
Figure 8 illustrates the deviation for the individual 
buildings of up to 95% (BH9c) compared to the actual 
consumption of 2015. One reason lies in the very low 
energy consumption of building BH9c being constructed 
as a “Passivhaus” that reacts very sensible to small 
changes. Changing the (assumed) ventilation rate by 
0.1/h for example will lead to very low increase in 
heating demand for non-insulated listed buildings 
whereas the same modification might rise the percentage 
increase of the heating demand of a “Passivhaus” 
significantly. The difference between the TRNSYS and 
the CEA heating demand results for each building 
oscillates around 60% to 74 %. The RSME of the 
TRNSYS simulation of 9.8% equals the CEA simulation 
of 9.3% for heating demand. 

 
Figure 7: Heating demand comparison 

 
Figure 8: Deviation of space heating demand simulation 

in comparison to consumption 
Electricity Demand 
The electricity demand comparison of Figure 9 reveals 
that the simulated demand of 4 out of the 6 buildings is 
lower than the actual consumption data. It can be 
assumed that the consumption of BH9a and BH9c also 
accounts for the building supply systems such as the heat 
pump and the ventilation system. BA1a occupies a 
computer lab, whilst BH9a has large research devices, 
which might cause higher electricity consumptions as the 
specific values that are depending on the occupancy 
schedule. In addition, an elevator is incorporated in 
buildings BA1, BA1a, BH9a and GS8a which might add 
to the higher electricity consumption results as displayed 
in Figure 10. 
Only the main university building (GS8a, GS8b) display 
a lower consumption than the predicted demand by both 
simulation software approaches. It can be anticipated 
that this is due to significantly large corridors and 
staircases within the building. The RSME for electrical 
demand simulation also shows a very close deviation of 
14.4% for TRNSYS and 15.1% for CEA.  

 
Figure 9: Electricity demand comparison  
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Figure 10:  Deviation of electricity demand simulation 

in comparison to consumption 
Total Energy Demand 
Calculating the total net energy demand by adding the 
partial demands for space heating, space cooling, 
electricity and domestic hot water, as shown in Figure 
11, the variation by building as well as by software tool 
can still be observed. Oscillations are higher for 
TRNSYS than for CEA.  

 
Figure 11: Total net energy comparison 

Figure 12 presents a greater range (-90% to +47%) of the 
consumption for the TRNSYS simulation compared to 
CEA of which the results fluctuate between -31% and 
+21%. Hence, the City Energy Analyst Toolbox appears 
to be more realistic for the use case of a city quarter 
status quo energy demand prediction.  

 
Figure 12: Deviation of net energy demand simulation in 

comparison to consumption 
Results  
Analysing the cumulated net energy demand of both 
simulation software types, CEA calculates a lower 
demand in total than the actual consumption whereas 
TRNSYS offers a higher demand as depicted in figure 
13. However, the oscillations of the individual categories 
seem to balance each other. 

 
Figure 13: Total energy comparison of case study. 

Referring to the wide-spread results for space heating, 
electricity and the total net energy demand of the 
individual buildings as outlined in Figure 7, Figure 9 and 
Figure 11, the overall deviation of TRNSYS and CEA 
simulations compared to the consumption has been 
determined by category.  

 
Figure 14: Deviation by category 
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As presented in figure 14, TRNSYS indicates 113% of 
the net consumption for space heating; 78% for 
electricity and 105% of total net energy. Here, BH9c, 
providing a “Passivhaus” standard, creates the lower 
boundary, whereas for electricity and the total net energy 
GS8a determines the upper limit. The upper limit for the 
heating demand simulation is defined by building BA1. 
As mentioned before, comparing the simulation results 
of CEA and TRNSYS to the net energy consumption, 
CEA reveals a RMSE of 2% whereas TRNSYS displays 
a RMSE of 11% for the total net energy consumption of 
all five non-residential buildings. However, electricity 
and space heating results of the individual buildings vary 
considerably: For 4 out of 5 buildings, CEA offers a 
higher electricity demand than the TRNSYS-based 
simulation which still do not equal the consumption data. 
The simulated heating demand of CEA is lower than the 
actual consumption whereas TRNSYS calculates a 
higher demand than the consumption data.   
Summary 
In sum, the comparison of a status quo energy demand 
analysis based on an exemplary heterogeneous city 
quarter clearly revealed that both – TRNSYS as a 
bottom-up and CEA as a top-down simulation software - 
approaches are both producing robust results of the total 
net energy demand. However, the partial demand 
prediction for space heating, cooling and electricity 
presents significant deviations for both software tools. 
Especially for space heating and consequently, also for 
the total net energy demand, TRNSYS displays with a 
range from -95% to +74% considerably higher deviation 
from the consumption than the CEA ranging from -37% 
to +48%. The simulation results of TRNSYS and CEA 
for electricity demand only differ slightly from each 
other, but oscillate by -65% to +57% of the 
consumption. This is particularly interesting as the 
software input for electricity consumption in TRNSYS is 
mainly depending on the user input in terms of defining 
the ventilation system (indirect system demand), the 
internal loads by appliances (direct demand) and the 
lighting demand by schedule or by daylight simulation 
of which also the user defines the parameters. In 
contrast, predicating on SIA standards the electricity 
demand calculation in CEA does not necessarily depend 
on the user knowledge; just on occupancy schedules. In 
comparison, higher deviation of the results was 
expected.  The space heating demand simulation reveals 
throughout higher predictions for refurbished buildings 
whereas CEA manifests the opposite by calculating 
higher demands for new constructions built after the year 
2000. Thus, as soon as different scenarios containing 
specific measurements for increasing energy efficiency 
have to be evaluated and compared, the individual 
reduction in space heating, cooling and electricity 
demand can be fundamental and the simulation results 
have to be reviewed critically. If just the proportionate 
demand reduction is pivotal, both simulation approaches 
seem to be applicable.  Ultimately, data availability of 
the building stock of a city quarter proofs to be 
fundamental to both software systems representing the 

main – and most critical – input for the application of 
both the bottom-up or top-down approach.  
Discussion 
The overall comparison has shown that the simulation 
tool can be chosen according to the data availability as  
both simulation approaches produce robust results for 
the energy demand simulation of city quarters. 
Investigating the categorised demand results, the 
following parameters can be identified to have 
significant impact on the simulation results: The default 
database of the City Energy Analyst Toolbox is currently 
limited to building regulation standards for new 
constructions and therefore does not offer archetype data 
on implemented energy efficiency standards such as the 
“Passivhaus” for the case study building BH9c or others 
like “KfW-Effizienzhaus” standards. This led to higher 
demand results for BH9c compared to the customised 
TRNSYS simulation. In addition, the TRNSYS as well 
as the CEA case study simulation models are based on 
occupancy schedules which hardly depict the buildings 
actual usage and – in case of CEA - only account for 
“standard equipment” (i.e. disregarding elevators). This 
led to overall lower demand results compared to the 
consumption for buildings BH9a, BA1 and BA1a. 
Moreover, the default setting of mechanical ventilation 
for occupancy type “office” in CEA also increased the 
electricity demand. Generally, it seems that the 
occupancy schedules containing information on internal 
loads by lighting and technical appliances, ventilation 
rates, hours of use and density of people have the biggest 
impact on the simulation results especially with new 
buildings. Not only can be anticipated that for building 
GS8a/b the assumed occupancy type “office” causes 
high results for space cooling and electricity that do not 
match the consumption data but also it becomes clear 
that especially for newer buildings with tight building 
envelopes the occupancy determined internal gains have 
significant impact on the results. Referring to the impact 
of occupancy types on building energy demand and its 
central role in energy simulation, the default occupancy 
data will have to be reviewed critically. In contrast, the 
modeling of building systems in TRNSYS proved very 
complex as it is based on very detailed information 
input. Within the realm of city quarter modeling, it 
would therefore be helpful to employ building system 
types based on archetype buildings as shown in the 
TABULA database for residential buildings. 
Conclusion 
This paper presents a comparison of TRaNsient SYstems 
Simulation (TRNSYS) as a bottom-up energy demand 
simulation software and City Energy Analyst (CEA) as a 
top-down urban energy simulation software. Key to the 
comparison was the simulation of five non-residential 
buildings of different construction typologies and 
periods, and their respective energy consumption data. 
Input data were listed for all input parameters.  
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The comparison of the simulation of the cumulated total 
net energy demand of all five buildings provided a 
RMSE deviation of the consumption data of 2% for CEA 
and 11% for TRNSYS. Results of the subtotals display 
large deviations for individual buildings. Especially the 
simulations of the case study building with a 
“Passivhaus” standard (BH9c) and the main university 
building being part of the Unesco World Heritage Site, 
built in 1910/1911 and refurbished (GS8a/b) show large 
deviations from the consumption data.  
On that scope, the comparative approach presented in 
this paper clearly demonstrates that a top-down energy 
simulation platform – comprising a significantly higher 
amount of assumptions on the building stock – is able to 
match the actual consumption data of a city quarter not 
below the bottom-up simulation software with a high 
amount of required input data information. It also reveals 
that both simulation software types were not able to 
match the consumption data robustly for individual 
building simulation based on the given – very coarse – 
data set. Simulation models were not calibrated to 
consumption data to determine the accuracy of both 
simulation approaches to the status quo. Thus, this may 
be extrapolated to other city quarters and respective 
typologies that evolved heterogeneously over decades 
compared to contemporary, homogenous residential city 
quarters. Referring to the solid results of the total energy 
demand for the case study, bottom-up as well as top-
down simulation software frameworks proved to be 
suitable for modelling the status quo energy demand to 
serve as reference for energy efficiency measurements or 
scenario comparison.  
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