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§inc|uding climate (global radiation, air temperature, relative humidity and wind speed),
§microc|imate (sky view factor, direct and indirect radiation, mean radiant temperature,
i surface temperature, ground temperature, building and ground albedo) and pedestrian
i physical properties (metabolic activity and coatings; these factors are usually not
§considered in current software. In order to evaluate the thermal components of urban
i or regional climates, it is necessary to gather accurate data about the radiant conditions
{in the surrounding environment. This data can be measured experimentally or calculated
iusing the appropriate radiation model. Thus, there are two general methods of using
gquestionnaires and computational simulations to evaluate the effective factors. For
iapplying energy simulation, selecting the proper tool is the first step, which would
inot be possible without a detailed understanding of how the tool works. On the other
ihand, it is difficult to choose the proper tool among the growing number of simulation
i software. Considering designers’ recent tendency in this field, it is essential to be aware
%of the modeling capabilities and limitations of each tool. Some studies have compared
i the capabilities of building energy software, but no similar studies have been done on the
i urban scale.

ETHODS: By identifying outdoor thermal indices, this study classifies different

types of energy simulation at urban scale while introducing six software of
§Envimet, Rayman, UMI, Meteodyn, Solene and SOLWEIG for pedestrian thermal comfort
i evaluation. This study aims to define the capabilities, potential, weakness and efficiency
i of the mentioned software in urban environment. By applying comparative and logical
i analysis research method, the study is conducted in four steps. In the first step, outdoor
i thermal comfort indicators have been identified considering effective factors in creation
%of urban microclimate. The second step is dedicated to identification and classification
i of related software to be distinguished from urban energy analysis software. In the third
i step, software performance and the related features are examined and in the final step,
i selected software properties have been compared in different fields to define strengths,
gweaknesses and proper application. Capability of the above-mentioned software are
icompared in terms of climatic parameters, outdoor thermal comfort indicators, solving
i equations, defaults and neglected factors, extractable parameters, numerical and graphical
i output data, application simplicity, interaction with other software, graphical interface,
accessibility and cost.

INDINGS: In order to perform a simulation with proper accuracy, it is necessary to
{0 consider three basic models of radiation, heat transfer and CFD airflow in combination
i with each other. However, in many energy simulation tools, some equations in the analysis
iprocess are overlooked for simplification. In Envimet and Solene software, the three
i equations are analyzed. The analysis in Rayman, SOLWEIG and UMI models is based on
{the radiation and heat transfer models only ignoring the airflow model that is assumed
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?to be constant. In Meteodyn, the radiation model in Urbasun and the airflow model in
i Urbawind tool are analyzed. In Envimet and Solone, four parameters of dry temperature,
i relative humidity, wind speed and radiant temperature are calculated. Apart from wind
i speed, Solone calculates three other parameters, while in Rayman, dry temperature and
i radiant temperature are considered regardless of relative humidity and wind speed. The
only parameter examined in UMI and Meteodyn is wind speed.

ONCLUSION: By computing radiant fluxes, Rayman calculates six thermal comfort
: indicators. Envimet and Solone calculate four indicators including PMV, PET, UTCI, and
{ MRT and in SOLWEIG model, three indicators including PET, UTCI, and MRT are calculated,
¢ while none of the common indicators for thermal comfort is listed as the output data in
UMl and Meteodyn. Envimet, Solene and Rayman provide more outdoor thermal comfort
{indicators as output results. In UMI and Meteodyn data is estimated as the average
i radiation and wind speed while in other the tools it could be extracted precisely at any
i desired time. While UMI is a simple free tool, using Envimet and Solene is not free and
i requires training. However, currently no single tool considers the best combination of all
factors and includes all physical processes. The results of this research can help architects,
i urban designers and software users to choose the proper software in each design stage
i considering project goals

i HIGHLIGHTS:

i - Envimet, SOLENE-microclimate and Rayman present many of outdoor thermal comfort
indicators as output results.

i - The assumptions and equations considered for calculations are different in each tool,
i consequently, the accuracy of the results and their application differ.

i~ Currently there is no single tool which considers the best combination of all factors or
includes all physical processes.
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Fig.1. The hierarchy of scales (Building to MESOscale)
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Fig.3. Sample analysis in Rayman software
(Matzarakis & Rutz, 2007)

umi

ol b oSl b gi a5 gy I3
5 =)l cm Loes oo =l Sslpl ol il
Ol st b i slaan 5 alis
3,5 (SNlos azly jo baplaizlw 65,5 & pas
Smgialy e 50 (B (5 )l ol ol
e (3 551 sl lle 5 sl esliiul Ly as
| L el LS )5 o], Sy 5 i 5
5 boleislw ooy Joas il o 020 o0 plzxl
oy lazt s gy ol o Uy Solas ol
g Lo bls daslw aslw Loz y0 0 oy s jo Ly
Cal slaplalas Lo Lo oniy Lol sl
Sibmodae cbB il ol e oo g3l e
Lo g o09— o 1) mdlas i L Lsosgs glsil
slol gl oyls calsn ™ Jgs ol il an (gog0>
Joms ol e (oS 0z g plBlo > S
YL ler aY g o0, S solai W UWG™ Il 5
S slaolbls mhw Glys a Y Lo ) 05
S35 Sl Soalona 5 S (e S o S 5
PEEWASY. slaoslal slagdg,g Ls Lro.,i.elo):,» slwosls
Gty baplls 5 apleislo pllas jLazil 5 sl
5 =15 9 Earhae dsts i OLBLS 9 S B0
ke am el T (gl Jae el 4l
s—=lsm g Ol sl gl 1, epwW L UWG ;)
Sl Sl =t 75 e P A (b,
Losl 5l oS oo Jasd e (b 0 iz (el
olilsn oSy 45l o i Jae oyl 45
Sl el ool (s a Bl 0B ol Ay g 0
sloaisy & jslome 5l 590 4 (mbaplSe o 5 ailblizxe

B ool wl Ol )5

il bl Hras 65,50 Joe slars >

o ll g0 g ool e LB @l slo o ¢ )5
el Glatlw ail o 0Vl 5, 55 —egill
Oets Sl 1 s egd e (Dogan et al., 2012)
bl IS el Lasls oo | ooy e lls el
a5 bl o Ve L e sl sl
oy (ol ly—a oK g3 o sile LIS
25 e 9 PSSl Sl ol > ST
2l S 0 T e SLYE (Walkscore, 2013)c. !
1 mlile 5 oot oS 5 ool B L ol oo
(Rakha and Reinhart, 2012)a_as L5 )| lo S5l owon

5 ol s o olals il gly ol Sl o
sldd Gy o)l Jols 5 65,51 plasr e las
s oDl S o daibe |y L5l b e g 5L
Joss elozt o ol gliod arubes e glls oyl
DI i ) B Glabe e a5 s sl g
ooli_wl CFD i s s ,> Sl 43 55 o]
oo o Sogll 5 5 sz g Al g 03,5
¥ St oS oo e Az LSS Bjp o 4 |,
|, sl by 0 Lol |l 31 (gl igas

S e lis

Fig.2. Sample analysis in Envimet software
(Huttner et al., 2008)
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Fig.5. Sample analysis in Urbawind and Urbasun software
(meteodyn, 2019)
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Fig.6. Structure of modules and calculation analysis in
Solene-microclimate (Gros et al., 2015)

Fig.7. Sample analysis in Solene-microclimate
(Gros et al., 2015)
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Fig.8. Structure of modules and calculation analysis in SOLWEIG (Lindberg et al., 2018)

Fig.9. Sample analysis in SOLWEIG (Lindberg et al., 2018)
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Table 1. Software comparison for climatic indicators

Indicator Envimet Meteodyn Rayman umi solene solweig
DBT + - + + + +
RH + - - - + +
MRT + - + - + +
\Y/ + + - - + -

Table 2. Software comparison for outdoor thermal comfort indicators

Indicator Envimet Meteodyn Rayman umi solene solweig
PMV/PPD a4 - + - + -
PET + - + - + +
SET* - - A - - -
UTCI + - + - + +
PT - - + - - -
MRT + - + - + +
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Table 3. Software comparison for solving equations and models

Model Envimet Meteodyn
Radiation Model + +
Thermal Model + -

CFD Model + +
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Table 4. Software comparison for various fields
Field Envimet Meteodyn Rayman umi solene solweig
Ignored Parameters - Building Building Mean Radiant - Building
thermal thermal Temperature- thermal
Performance  Performance Local Wind Performance-
Effects Roof Surface
Heat Fluxes
Other Output Data Average Turbulence Sky View Walkability Daylight Sky View
Indoor Intensity- Factor penetration- Factor
Temperature- Wind Energy
Surface Pressure Consumption
Temperatures  Coefficients- and Interior
Natural building’s
Ventilation Interior
Potential- Temperature-
Wind Surface
Discomfort Temperatures
Points- Air
Change Rate
Output  Numerical + + + + + +
Date  Graphical + + + + + +
Ease of Use Need Training Requires Average Easy Hard Need Training
Knowledge in
Building
Physics and
Fluid
Dynamics
Exchange with other Image-CAD Image-CAD Image-CAD + CAD- Sketch -
software UP-Google
Earth
Access and Price Free Free Free Freein Research Free
Educational Educational Grasshopper Version
Version- Version
Various
Version with
Different
Capabilities
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2. Sky View Factor (SVF)
3. Wet Bulb Globe Temperature Index developed by
Yaglou & Minard (1957)
4. Comfort zones based on readily available National
Weather Service Data suggested by Macfarlane (1958).
5. Predicted Mean Vote
6. Equivalent Temperature
7. Standard Equivalent Temperature
8. Outside Standard Equivalent Temperature
9. PET (physiological equivalent temperature)
10. Dynamic Thermal Sensation
11. UTCI (universal thermal climate index)
12. Perceived Temperature
13. Subjective Temperature Index
14. Index of Thermal Stress
15. Michael Bruse
16. Biomet
17. Leonardo
18. radiation on the human body
19. meso- and micro scale
20. UMI (Urban Modeling Interface)
21. SUNtool
22. UWG (Urban Weather Generator)
23. TEB (Town Energy Budget)
24. daylight autonomy (DA) or continuous daylight
autonomy (CDA)
25. Galapagos
26. Meteodyn
27. Urbawind
28. Urbasun
29. CERMA
30. SOLENE-microclimate
31. Code_Saturne
32. T4SU (Tools for SketchUp)
33. Google Earth
34. SOlar and LongWave Environmental Irradiance
Geometry model (SOLWEIG)
35. UMEP - Urban Multi-scale Environmental Predictor
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