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Abstract
Site is an important factor in determining building design strategies for responding to the local climate and
minimizing energy use. Nevertheless, too often Building Energy Simulation (BES) supporting the design
process uses a generic weather �le from the local weather station rather than a site-speci�c microclimate.
This study tests the inclusion of microclimate model, ENVI-met, for BES (EnergyPlus) to assess the impact
of site parameters on house heating energy in Wellington (New Zealand) where micro-climates vary widely
due to the local topography. The ENVI-met model validation was conducted with the air temperature
difference of less than 0.5oC on average between simulated and measured data in ENVI-met model
validation. The validation determines ENVI-met input settings for the integrated simulation with BES for site
modelling. The integrated simulation test produced insigni�cant energy impacts for almost all parameters
tested, but it has limitations in modelling slopes. This �nding suggests that ENVI-met is not applicable for
house heating energy simulation in hilly region.

1. Introduction
Site is an important factor in the process of planning and designing a building. In early stage of the design
process, site analysis is central to determining how a building should respond to the local climate. From a
bioclimatic-design perspective, site analysis is fundamental when choosing design strategies for heating,
cooling and natural lighting (Leskovar and Premrov 2013).

Building Energy Simulation (BES) considers site as an important factor. It uses a weather �le that represents
the site location taken from a nearby weather station, often located at a nearby airport. However, the
weather-station microclimate can differ from the site-speci�c microclimate. Site parameters such as slope,
ground surface and vegetation can affect the local microclimate, and mostly they are not considered in BES.
The consequences of this are unknown in energy calculation.

In the context of Wellington, New Zealand, micro-climates vary widely, as they are strongly in�uenced by the
local topography (NIWA 2014). Wellington houses can be sited on the hillside in different altitude and
orientation. They are likely to have different access to sun, wind, and air temperature, which all strongly
in�uence the building’s energy heating consumption. It is reported that 34% of the total energy use of New
Zealand homes is for space heating (Isaacs, Camilleri and French, et al. 2006) while there is no effort for
space cooling, especially in Wellington which is generally windy with mild temperatures (Donn and Thomas
2010). Thus, microclimate can strongly in�uence heating energy requirements in Wellington homes.

This research investigates the importance of site on house-heating-energy simulation in the Wellington
context by the inclusion of microclimate modelling using ENVI-met software for BES in EnergyPlus. ENVI-
met is designed to simulate surface-plant-air interactions(ENVI_MET 2018) and used to generate site
microclimate data such as hourly air temperature and Relative Humidity (RH). Numerous studies have
shown the capability of ENVI-met for assessing the impact of site parameters on outdoor microclimates,
such as the ground-surface and building-facade material(f. Salata, et al. 2015) (Yang, et al. 2012);
greenspace(Kong, et al. 2016) (Skellhorn, Lindley and Levermore 2014); tree(Berardi, Jandaghian and
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Graham 2020)(Morakinyo and Lam 2016)(Morakinyo, et al. 2016) and urban form(Gobakis and Kolokotsa
2017) (Taleb and Abu-Hijleh 2013) (Middel, et al. 2014). Among those, two studies had demonstrated the
integration of EnergyPlus and ENVI-met – Yang, et al. (2012) modelled the impact of nearby buildings and
greenery on building energy consumption in an urban context, while Morakinyo, et al. (2016) assessed the
effect of tree shade on indoor thermal conditions. They suggested that the integration of the two software
can be a possible solution to quantify the microclimate effect on building indoor climate and energy use.
Meanwhile, study by Gobakis & Kolokotsa (2017) used a different BES software (ESP-r) for an integrated
simulation with ENVI-met to evaluate the impact urban environment on building energy consumption and
indoor climate.

In terms of site modelling, EnergyPlus cannot simulate the impact of terrain on air temperature and RH due
to: slope inclination and orientation; material of ground surface and nearby buildings; and tree contributing
evaporation (Sunarya, Isaacs and Donn 2018). The integrated simulation demonstrated by Yang, et al.
(2012) solves EnergyPlus limitation by replacing the original air temperature, dew point temperature and
relative humidity in EnergyPlus weather data (epw) with those produced by ENVI-met. The same principle
was also applied by Gobakis & Kolokotsa (2017) for the integrated simulation. The two studies (Gobakis
and Kolokotsa 2017) (Yang, et al. 2012) also developed Convective Heat Transfer Coee�cient (CHTC)
calculation based on microclimate simulation to replace CHTC calculation in BES.

This research focuses on the site parameters impact on ambient air temperature change that can affect BES
calculation (EnergyPlus) through weather-data modi�cation based on ENVI-met simulation. According to
EnergyPlus documentation (U.S. Department of Energy 2016), the hourly air temperature in weather data is
an important factor as it affects the calculation for convective heat �ux at the exterior surface and
in�ltration in EnergyPlus simulation. From previous ENVI-met model studies, there two important questions
related to the use of ENVI-met for BES:

1. How to validate ENVI-met model for BES. Previous studies validated the ENVI-met model by analysing
the Index agreement (d) and/or Correlation Coe�cient (R2) of the simulated and measured temperature
data. Salata, et al. (2016) reports on studies validating the ENVI-met model with such an approach.
Most of those studies stated that the model is validated if the simulated and measured data had
“good” correlation or agreement mostly with a d or R2 value of more than 0.8. But it is unknown whether
such correlation produces a difference in air temperature affecting the energy calculation signi�cantly.
So, an important question is how the acceptable difference between measured and simulated should
be.

2. How to develop a practical and effective integrated simulation between ENVI-met and EnergyPlus. ENVI-
met is based on grid cells for the 3D environment model and the microclimate data can be produced in
each grid cell by using a “receptor”. The weather �le modi�cation for integrated simulation by Yang, et
al. (2012) is based on an averaged value from receptors along the whole building envelopes, which
could be redundant for output data extraction. Also, the air temperature on the site can be different in
orientation, which can in�uence the building differently in different parts.
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This study attempts to validate the ENVI-met model for BES purpose and test the integrated model in
different site scenarios to determine which are the most important site parameters in the energy simulation
process.

2. Method

2.1. ENVI-met model validation
ENVI-met model validation aims to determine reliable input settings for ENVI-met, which can be applied
further for integrated simulation testing different site scenarios using hypothetical model. This study used
ENVI-met basic (free) version (V.4.4), but within the ENVI-met basic 50m by 50m horizontal area to generate
the local air temperature. The main limitation of ENVI-met in generating local microclimate is that it only
produces 24 hours of microclimate output in one simulation. This study is based on a one-day simulation
which can be the �rst step to examine the importance of site parameters.

The validation used the site of Kelburn Weather station as a case study. The measured data of hourly air
temperature was obtained through NIWA for the comparison with simulated data produced by ENVI-met.
The Kelburn weather station is in a garden area and surrounded by suburbs (see Fig. 1) – the weather
station device is relatively unobstructed within a radius of 20m.

The date of 5th June 2016 was set for simulation, which is a sunny day in the winter season and enable to
match the default ENVI-met solar radiation – ENVI-met basic version cannot model the diurnal change of
solar radiation in�uenced by the change of cloud cover. The default ENVI-met solar radiation has a similar
value of global radiation with the measured data but different in both direct and diffuse solar radiation
values (Fig. 2).

Default Wellington geographical location (latitude and longitude) was set. The grid-cell size of 1m x 1m x
1m is applied as it is the �nest resolution available in ENVI-met, which allows the measurement receptor to
capture the �nest scale of microclimate data (within 1m2 horizontal grid) in the speci�c location on the site
model. The number of grid cells of 50 X 50 x 25 (x,y,z) was set, so the domain area of the model covers the
horizontal area of 50m x 50m with a height of 25m. Forced LBC (Lateral Boundary Condition) was applied,
where the hourly air temperature and relative humidity on 5th June 2016 was inputted (forced) to the
simulation model via the ENVI-met simple forcing tool. The wind system in ENVI-met does not heat or cool
the atmosphere (Middel, et al. 2014) and thus the wind input (wind speed and direction, and surrounding
surface roughness value) does not affect the simulated air temperature. The wind speed was set to 0.8ms− 1

(not windy) to avoid any technical error (unstable turbulence-model calculation) during simulation
initialization, while the wind direction and roughness values were set at defaults of 0o and 0.1 respectively.
Some studies (Middel, et al. 2014) (Skellhorn, Lindley and Levermore 2014) suggested to input additional
hours for simulation duration as start-up time for improving the model results and stability. The model
validation applies and tests the 72-hours duration which is recommended by Skellhorn, et al. (2014) and
was applied by previous studies (Morakinyo, et al. 2016) (F. Salata, et al. 2016), starting from 00.00, and
only analyses only the last 24 hours.
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The �gure below (Fig. 3) shows the site area (50mx50m) of Kelburn weather station (Left), and the ENVI-met
site model for the Normal model (Middle) and Calibrated model (Right). The grey colour represents building
objects and most of them are 3m in height. The white block is the asphalt area while the grass is depicted
by the light green bocks. The pure green depicts the tree objects with a height of 8m in the model
(simpli�ed) which are in the north and southeast area of the Normal model. A receptor is in the middle of the
site model.

The simulated and measured data must be comparable to validate the ENVI-met model. Some previous
studies (Morakinyo, et al. 2016) (f. Salata, et al. 2015) (Skellhorn, Lindley and Levermore 2014) generated a
comparable simulated data by creating a speci�c site model in ENVI-met which inputs generic microclimate
data (nearby weather station). The simulated data has taken account of modelled site parameters in ENVI-
met while the on-site measured data has been affected by nearby site parameters in real condition.

However, the model validation in this research conducts a different approach by comparing the real and
modelled weather-station by considering the calibrated model comparable to the real data. As shown in the
Fig. 2, direct solar radiation generated by ENVI-met is much higher than the real condition. The north trees in
the Normal model (middle) can block the solar radiation during the daytime, which can lead the simulation
to produce cooler air temperature than the measured data. In this case, the Normal model applied forced
LBC inputting the hourly temperature and RH from the measured data (weather station) which have been
affected by tree shades in real condition. In other words, the simulated data of the Normal model (middle) is
affected twice by the north-trees shading, and this is not comparable with reality.

2.2. Integrated simulation for investigating site impact

2.2.1. Hypothetical EnergyPlus house model
EnergyPlus 8.6 was used to develop the hypothetical house model to assess the impact of local air
temperature change from ENVI-met site modelling on energy calculation. The hypothetical house model with
a 10m X 10m plan area and 3m in height (2.5m for the occupant zone and 0.5m for the celling zone) was
created in EnergyPlus. The four thermal zones are orientated to the outdoor microclimate: (1) North zone; (2)
West Zone; (3) South Zone; and (4) East Zone (Fig. 4). The EnergyPlus simulation used four modi�ed
weather �les produced by ENVI-met in four different directions (North, East, South and West). For example,
the heating-load calculation of the North zone was analysed after using a modi�ed weather �le based on
outdoor microclimate generated by receptor (R01) placed on the north side in ENVI-met. This analysis
similarly applies to other zones.

The EnergyPlus model development is validated by applying the relevant building compliance and method
used in New Zealand. The insulation value of the construction complies with the NZBC (New Zealand
Building Code requirements), Clause H1, which uses NZS (New Zealand Standard) 4218:2009 appropriate
for the Wellington location. The internal gain inputs (lighting, equipment and occupancy) are based on those
used in ALF (BRANZ 2007) -a method for determining the Building Performance Index (BPI) which in turn
can be used to demonstrate compliance with NZBC Clause H1. The model is assumed to house four people
or one person in each external zone.



Page 6/22

Heating and natural ventilation setpoints are based on the Modelling Method, clause 4.3 NZS 4218:2009.
The heating period was based on the results from the Household Energy End-use Project (HEEP) (Isaacs,
Camilleri and Burrough, et al. 2010) and the monitoring report (Burrough 2010). The ventilation air�ow rate
was de�ned by the EnergyPlus natural ventilation input: ‘WindandStackOpenArea’ object, where the �ow rate
is determined by wind speed and the thermal stack effect along with the area of the opening (U.S.
Department of Energy 2016). For that input, the openable area for natural ventilation was set to 5% of the
total area per each zone (1.25m2) with the fraction of 0.125 of the total openable area, which is based on
the minimum requirement of NZBC Clause G4 Ventilation (Ministry of Business, Innovation and Employment
NewZealand 2008) and scheduled to be open from 7 am to 11 pm. The total window area is 11.6% of the
total area of exterior walls, complying with the limitations of the NZS4218 Modelling Method of being no
more than 30% (Ministry of Business, Innovation & Employment 2015)

2.2.2. ENVI-met settings and site scenarios
As stated earlier, ENVI-met input settings (Grid size, simulation duration, etc.) for the integrated simulation is
based on the determination from model validation. ENVI-met forced LBC was based on generic weather �le
of Wellington (WN 934360) obtained online on the EnergyPlus website. The date of 23rd June (winter) was
set for simulation with a clear-sky condition – to match the default ENVI-met sky easily. These settings can
give an answer of whether a generic weather �le can be used for site modelling in ENVI-met to produce a
reliable site-speci�c microclimate.

The house model dimensions in ENVI-met are the same as that used in EnergyPlus (10m x 10m with a
height of 3m) and is in the centre of the domain area. A receptor is set in front of each middle façade (four
in total) and records microclimate data in grid centroid (the grid size of 1m), which is 0.5m from building
façade with the level of 1.5m from the ground (the centroid of building surface). The Base model site has no
obstruction (open-�at) and is surrounded by “loamy soil” (default soil condition). Figure 5 (left) illustrates
the Base model site.
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Table 1
summarizes the twelve site scenarios used in ENVI-met for investigating the site impact.

Those scenarios were established based on the site parameters that are not considered in
EnergyPlus:

Site parameters Scenario

Ground Surface Base model (1) Loamy Soil

Pavement (2) Full Pavement

(3) Pavement on the Eastside

Slope Equatorial facing (4) Facing-north slope(45o)

Non-equatorial facing (5) Facing-south slope (45o)

Vegetation Number of Tree (6) 12 trees in all directions (10m of height)

(7) 60 trees in all directions (10m of height)

Leaves (8) 60 trees -Double LAD (Leaf Area Density)

Buildings Building shade (9) Buildings in all direction (3m height)

(10) Nearby buildings (6m height)

Building surface (11) Nearby buildings (3m height) high albedo

(12) Nearby buildings (3m height) concrete

Table 1 Site scenarios for the integrated simulation

(brown) and dark pavement (grey). Scenario 2 and 3 investigate the impact of the heating effect from the
ground surface (pavement) while Scenarios 4 and 5 test the impact of the slope. The ENVI-met slope model
is an integral part of the grid cell and thus, it consists of vertical and horizontal surfaces each on the 1 m
grid. The Facing-north slope (Scenario 4) was tested to see whether it produces a warmer temperature due
to the surface inclination facing the equator (Olgyay 1963), while under this scenario the Facing-south slope
(Scenario 5) is expected to reduce outdoor air temperature during the day due to shading.

Figure 6 shows the site scenarios for vegetation and nearby buildings. The vegetation scenarios test the
impact of trees (Scenarios 6 and 7) and tree-leaf density (Scenario 8). For nearby building cases, the impact
of building height (Scenarios 9 and 10) and the building’s façade material (Scenarios 11 and 12) are tested.
The surface re�ection value for both Scenarios 9 and 10 is 0.4 while for the high albedo surface is 0.7
(Scenario 12). Scenario 11 applies concrete material to the surrounding buildings with the ENVI-met
provided 0.6 re�ection value.

3. Results And Discussion

3.1. ENVI-met validation and settings determination
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As would be expected, the normal model produces the cooler air temperature while the results of the
calibrated model are much closer to the measured data (See left, Fig. 7). As discussed earlier, the lower air
temperature in the normal model is likely due to the north tree objects and this result is not comparable with
weather station data – The simulation applied the measured data of the weather station that has been
affected by the tree shading.

The Normal model produces similar values to the measured data in the �rst ten hours with an average gap
of 0.25oC. The biggest gap is around midday (11 am to 2 pm), by an average of 0.8oC, and it narrows to be
0.5oC from 3 pm to 11 pm. Meanwhile, the calibrated model has higher �gures than the weather station
before 8 am, by 0.2oC on average. The lower air temperature by an average of 0.35oC occurs from 11 am to
2 pm and it becomes closer to the measured data (0.15oC on average) until midnight.

According to several studies (Kanopacki 1996) (Taha, et al. 1997), the air temperature difference of 1-2oC
during the daytime (around 2 pm) can impact energy-saving for cooling by 10%. Another study (Ca, et al.,
1998) found that the difference of 2oC from midnight to 8 am can reduce the energy for cooling by 15%.
Additionally, the average temperature reduction by 1oC also equals the cooling effect produced by parks
(Bowler, et al. 2010). Thus, the average gap of 0.8oC in the midday from the simulation of the Normal model
can be considered signi�cant as it can signi�cantly affect the calculation results in energy simulation.
Meanwhile, the results of the calibrated model are closer to the measured data with an average difference of
0.35oC in the midday, which con�rms that the calibrated model is comparable to the measured data and the
basic input settings applied in the model validation are reliable to use for further simulation. This also
suggests that the acceptable difference of air temperature between for ENVI-met model validation should be
less than 0.5oC.

The model validation also compares the simulation results of each iterative day (every 24 hours) to evaluate
whether the simulation duration of 72 hours is effective for the simulation (See right, Fig. 7). The hourly data
of the second (D2) and the third day (D3) is relatively the same while the �rst day (D1) is signi�cantly
different in earlier hours. It takes eight hours for the D1 to produce similar results to the other days, by the
difference of less than 0.1oC. Also, the differences in hourly temperature between 6 am to 8 am on the �rst
day is no more than 0.5oC, which can be considered insigni�cant for affecting energy calculation results.
Thus, the simulation duration can be reduced by up to 30 hours for the most e�cient computational time.

The model validation determines ENVI-met settings (see Table 2) which are considered reliable to apply for
the integrated simulation. These settings produce the simulated data with the acceptable difference of no
more than 0.5oC on average compared to the measured data, which does not affect the energy calculation
results signi�cantly.
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Table 2
ENVI-met input settings determination

Grid Size 1mx1mx1m (x,y,z)

Domain Area (cells) 50x50x25

Simulation Duration 30 h

Starting time simulation 18.00

Wind Speed 0.8ms− 1

Wind Direction 0o (Default)

Roughness value 0.1 (default))

Soil type Loamy soil (Default)

Sky condition Clear sky (Default)

3.2. Integrated simulation

3.2.1. Hypothetical model evaluation
The evaluation for the ENVI-met hypothetical model is also conducted to ensure whether the applied input
setting (Table 2) is reliable to use – to double-check the input settings. The microclimate data of the Base
model (open-�at) is generated by a single receptor placed in the middle of the model. As the site modelled in
ENVI-met is an open-�at area with loamy soil on the ground surface, the model is expected to produce
similar microclimate data as the generic weather �le of Wellington. Figure 8 compares the hourly air
temperature and heating load on 23rd June between the EnergyPlus model using the default (generic)
weather �le and that using ENVI-met.

There is an average difference of 0.5oC between the default-weather and the ENVI-met-based model in the
�rst eight hours (0:00 to 08:00) and after daytime (18:00 to 24:59). During the day (08:00 to 18:00), both
models are similar to the difference averaging 0.1oC. The total heating load of the default-weather model is
10,591 Wh while the ENVI-met-based model consumes 11,580 Wh or 5.7% more. Such air-temperature
difference has no signi�cant consequences on the results of house heating energy modelling in the
Wellington context, which is also like literature review �ndings (Sect. 3.1). The open-�at site ENVI-met model
is considered to produce a similar result to that from the weather �le and thus, the model input settings are
reasonable to use.

3.2.2. Integrated simulation for site scenarios
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Table 3
shows the total house heating energy (sum of North, East, South and West zones) for the 12 site scenarios.

Signi�cant changes in heating energy use are seen only in Scenario 2 and 5 (Full pavement and Facing-
south slope) while other scenarios produced very similar results to the base model (Scenario 1), with

differences from − 3.6% to + 1.0%.
Scenario Total Energy for all four zones

(wh)
Difference to base
(%)

(1) Base model (Open-�at, loamy soil) 11,546 N/A

(2) Full pavement 10,210 -11.6%

(3) Pavement on the east side 11,126 -3.6%

(4) Facing-north slope 11,665 1.0%

(5) Facing-south slope 10,624 -8.0%

(6) 12 trees in all direction 11,382 -1.4%

(7) 60 trees in all direction 11,277 -2.3%

(8) 60 trees- Double LAD 11,213 -2.9%

(9) Nearby buildings (3m height) 11,428 -1.0%

(10) Nearby building (6m height) 11,480 -0.6%

(11) Nearby buildings (3m height) -High
Albedo

11,359 -1.6%

(12) Nearby buildings (3m height) -Concrete 11,608 -4.1%

Table 3 House heating energy (23rd June) based on 12 site scenarios from ENVI-met

Changing the ground surface from loamy soil to pavement (Scenario 2) has the biggest reduction of heating
energy of 11.6% while Scenario 3 (half pavement) has a 3.6% reduction (See Table 3). The full pavement
has on average 1oC warmer temperature than the Base model in all receptors, while the half pavement is
warmer only in the east receptor (a2 – paving side) by an average of 0.6oC (See Fig. 9). ENVI-met thus
produces the same impacts as those reported in the literature �ndings as to the heating effect of the ground
surface (asphalt or pavement) on the local air temperature (Bowler, et al. 2010) and building energy
consumption (Kanopacki 1996) (Taha, et al. 1997) (Ca, Asaeda and Abu 1998).

The facing-north slope (Scenario 4) has a similar energy use (+ 1%, See Table 3) and hourly air temperature
as the base model (see Fig. 10), which indicates that the equatorial facing slope in the ENVI-met model does
not heat ambient temperature, which is unlike that suggested by Olgyay (1963). On the other hand, the non-
equatorial facing (south) slope (Scenario 5) uses 8.0% less house heating energy than the Base model. It
has cooler air temperature during the daytime averaging 1oC but warmer air temperature during the dark
hours (6 pm to 6 am) by 1oC on average. This means the heating-load reduction in the facing-south slope is
due to the night-time warmer temperature.
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All tree scenarios (Scenario 6, 7 and 8) did not produce a large change of heating load compared to the Base
model (no more than 2.9%) and has warmer air temperature than the open-�at site model during the
daytime. These results do not match the literature about the cooling effect of tree shade (Goulding, Lewis
and Steemers 1992) and evapotranspiration (Berner, Berner and Moulton 2005). Additionally, the results are
unlike those from previous ENVI-met model study �ndings that a tree model reduces the ambient air
temperature (Berardi, Jandaghian and Graham 2020) (Kong, et al. 2016) (Skellhorn, Lindley and Levermore
2014) and affects the calculation of indoor air temperature in EnergyPlus (Morakinyo, et al. 2016). The
results of model validation are also contradictive with tree-scenario simulated data, where the Normal model
with tree models on the north side produced cooler temperature than the Calibrated model (without the tree).

All nearby-buildings scenarios (Scenarios 9–12) produced an insigni�cant impact on the heating load
compared to the Base model (See Table 3). Scenarios 9 and 10 show that the increase of building height
reduced the outdoor air temperature, especially on the north side of the building (see a1 in Fig. 12), most
likely due to the increase of building shade. Changing the building’s façade to have a higher albedo or use
concrete material (Scenario 11 and 12), also has a small effect on the heating load (no more than 4.1%).

The results of the integrated simulation reveal that most of the site parameters modelled in ENVI-met do not
produce the impact as suggested by the literature, which is summarised and discussed below:

1. Slope impact. The Facing-north (equatorial) slope does not heat the ambient temperature and reduces
energy use, while the Facing-south slope leads to the air temperature increasing by an average of 1oC
during the night-time, reducing energy use by 8.0%. Discussions on the online ENVI-met forum revealed
that the vertical surfaces of a slope do not interact with the microclimate system as it is an arti�cial
surface due to the grid structure (ENVI-met Forum 2018). This con�rmation explains why the north-
facing slope ENVI-met does not heat the ambient air temperature as expected (Olgyay 1963). The
facing-south slope increasing the air temperature during the night-time is also unexpected. There is no
explanation from the literature, and it is unlikely that a slope not exposed to the sun during the day
(non-equatorial facing) will be warmer. This suggests that ENVI-met is limited to generate the
microclimate resulting from a slope.

2. Tree impact. The tree model produces a contrary impact to the literature �ndings and model validation,
which slightly lead to warmer air temperature, instead of providing cooling through shade and
evapotranspiration. There are two possibilities of this contradictive result. First, the previous ENVI-met
model studies were based in locations with warm or hot weather (ambient air daytime temperature over
25oC), and thus, they could produce a signi�cant impact in reducing the ambient air temperature. The
study case of Morakinyo, et al. (2016) was in Nigeria (tropical climate), while Skellhorn, et al. (2014)
and Kong, et al. (2016) respectively used Manchester (UK) and Nanjing (China) summer season.
Meanwhile, this study is based on the winter season in Wellington (New Zealand), with air temperature
ranging from 6 to 12oC (NIWA 2014), which might lead ENVI-met tree model behave differently. One
study (Bande, et al. 2019) also reported a minor impact of ENVI-met tree model in several trials and
found that ENVI-met simulation results are better in spring and summer than in the winter. Second, the
difference of tree impact between the hypothetical and real case model (See Fig. 3, middle) suggests
that the tree con�guration or building object in ENVI-met can be a factor for this contradictive result.
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The site of the real case model is obstructed by the large tree area on the north side with 18 m far from
the receptor. Meanwhile, the four receptors in the hypothetical model are surrounded by smaller trees
with closer distance (see Fig. 6) and near building façade (0.5 m) which might heat the surrounding
ambient temperature. This means that the receptor location is an important consideration for the
effective assessment of site parameters impact – As microclimate data produced by ENVI-met vary in
space and time.

3. The impact of nearby buildings. The nearby buildings do not have a signi�cant impact on air
temperature change in ENVI-met modelling for the winter season. This �nding is similar to a study
using ENVI-met (Taleb and Abu-Hijleh 2013) �nding that urban con�guration (nearby buildings) can
lead to cooler temperature in summer and autumn, but not in winter. A study by Middel, et al. (2014)
also showed that urban forms can lead to a summer temperature decrease of 2oC. This suggests that
the cooling effect of building shade in ENVI-met can be signi�cant for the hot weather condition,
especially in an urban context where buildings are taller. Thus, the insigni�cant impact of nearby
buildings in the integrated simulation testing is likely due to the cold climate of the winter season in
Wellington and the height of the building model which are relatively short (3m and 6m). Additionally, a
concrete surface on nearby buildings (Scenario 12) has the biggest impact on heating load reduction
compared to other nearby-building scenarios, suggesting that the heating effect of the building surface
can be signi�cant in the case of the urban context where the concrete material is largely applied on
building façade.

4. Conclusion
The ENVI-met model validation in this study produced the air temperature difference of less than 0.5oC on
average between simulated and measured data, which was considered acceptable to include ENVI-met
model for the integrated simulation with EnergyPlus – as it has no signi�cant consequences on heating
energy consumption. Then, the model validation determines a standard input setting that can be applied for
e�cient and reliable ENVI-met simulation (basic version) for the winter context.

The results of the integrated simulation reveal that the ENVI-met model generally produces insigni�cant
impacts of site parameters on modelled house heating energy in the Wellington winter. The ground-surface
material is the only parameter that signi�cantly in�uenced the outdoor air temperature, averaging a 1oC
increase and reducing house heating energy use by up to 11.6%. It is suggested that the insigni�cant impact
of other parameters is due to the cool weather condition (winter season) regarding the previous ENVI-met
studies producing a signi�cant impact based on summer or warmer temperature sessions. In this case, the
nearby tree and building models can behave differently in the winter compared to summer – their shade
does not further cool the already cool ambient temperature. Additionally, the research has shown that ENVI-
met has limitations in modelling slopes. While the modelled slope can block solar radiation, its vertical
surface does not interact with the microclimate system in ENVI-met and cannot produce warmer ambient
temperature in equatorial-facing slope.

The insigni�cant impact of site parameters suggests that the idea of microclimate modelling using ENVI-
met basic (free) version for site modelling in BES is not applicable for house heating energy calculation.
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Re�ecting on previous studies using ENVI-met, microclimate modelling is useful in generating or predicting
the impact of built-environment elements for an urban context in hot or warm weather conditions. The study
also found an insigni�cant contrary impact of tree in ENVI-met, which are likely due to receptor location near
the building façade – it warms the ambient air temperature near the facade. This suggests that the effective
assessment of site parameters impact cannot be based only on ENVI-met microclimate from several
receptors (near-façade). The important questions related to this issue is that is how the ENVI-met receptors
can be properly placed in site modelling and how its microclimate data should be analysed for an effective
assessment. These questions can be explored in further studies.

Limitation

The integrated simulation test in this study is based on a one-day simulation on clear-sky condition as ENVI-
met can only produce one-day microclimate data in one simulation with a long computational time (6 to 7
hours for one simulation in this study by using PC with Intel Core i7 processor and 16 GB RAM). In this case,
it is limited to only set solar radiation based on the multiplier factor from 1.0 (clear sky) to 0.0. The solar-
radiation limitation is solved in the newest ENVI-met version providing a full-forcing feature to input solar
radiation based on the weather data (ENVI_MET 2019). This new feature allows ENVI-met to produce
realistic output on various days with different sky condition but, it is not provided by the basic (free) version.
Although this study is based on one-day modelling, it gives an initial answer of how the site parameters
(that cannot be modelled in EnergyPlus) affect house heating energy simulation.
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Figure 1

The site of Kelburn Weather station (Via Google Earth)

Figure 2

Solar radiation pro�le between measured data and ENVI-met
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Figure 3

Left: Real site of Kelburn Weather station (Google Earth); Middle: The Normal model; Right: The Calibrated
model

Figure 4

Method for examining the importance of microclimate on energy modelling

Figure 5

Site scenarios: The Base model –Loamy soil (1), Pavement on the East side (3) and Facing-north (or south)
slope (4)
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Figure 6

Site scenarios: 12 trees in all direction (6), 60 trees in all direction (7); and nearby buildings scenarios (9-12)

Figure 7

Measured data and simulated data (left) and simulated data on each iterative day within 72 hours
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Figure 8

Hourly air temperature and heating load between the default-weather and ENVI-met-based-weather model

Figure 9

The hourly air temperature of ground surface scenarios
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Figure 10

The hourly air temperature of slope scenarios

Figure 11

The hourly air temperature of tree scenarios
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Figure 12

The hourly air temperature of nearby-buildings scenarios


