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1 ABSTRACT 

The likelihood of extreme heat events can be exacerbated by the heat storage capacity of the 
densely built environment of an urban area (urban heat island effect). Meanwhile, many residences 
in low-income neighborhoods may not have central air-conditioning systems (e.g., up to 50% of 
low-income homes in Polk County, Iowa) to mitigate these harsh climate conditions. Vegetation 
can mitigate the effect of extreme heat events in the built urban environment by reducing reflected 
radiation, surface heat fluxes, and increasing evaporation. 
This study investigates the influence of landscape design strategies on building energy 
consumption in the age of climate change. The aim is to understand the microclimate effects 
created by planting design strategies in/on/around buildings in urban typologies for developing 
spatial design guidelines for energy savings. The implementation will also improve design 
prediction capabilities for urban energy models. Efforts to integrate these effects in combined 
building-microclimate energy models have only recently been attempted; thus, the combination of 
living systems like trees and green surfaces with spatial topologies is still not well integrated into 
building energy considerations. This paper describes the process of integrating appropriate living 
plant systems into a 3-D energy model for a generalized US Midwest urban neighborhood. This 
model was prepared using the Urban Modeling Interface (UMI) tools to analyze the effect of shading 
produced by tree and living surfaces on building energy consumption. Considering different urban 
typologies, densities, and climates, this Thermal Delight study improves our understanding of the 
relationships between natural infrastructure, building energy efficiency, and urban microclimate. 

1.1    Keywords 

Building energy performance; energy modeling; living plant systems; urban 3-d modeling; 
shading.  
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2 INTRODUCTION
 
According to the 2019 Annual Energy Outlook, residential and commercial buildings, together, 

accounted for more than 25% of U.S. total delivered energy consumption in 2018. Moreover, electricity 
consumption grows in both sectors as the result of increased demand for electricity-using appliances, 
devices, and equipment. The US Energy Information Agency (EIA) predicts that, from 2018 to 2050, the 
consumption of purchased electricity will increase by 0.4% and 0.5% per year in the residential and 
commercial sectors, respectively (U.S. Energy Information Administration, 2019). To reduce this demand 
and to estimate and optimize building energy performance, energy simulation tools have been widely used 
for building energy consumption assessments (Yan et al., 2017).  

While the influence of urban tree shading and living surfaces on building energy performance have 
been recognized (Jaffal et al., 2012; Akbari et al., 1997; Mc Pherson et al., 2003, Refahi et al., 2015), efforts 
to integrate these effects in combined building-microclimate energy models have only recently been 
attempted (Taleghani et al., 2016, Hwang et al., 2016, Morakinyo et al., 2018). Still, only limited tools exist 
for architectural, landscape, and urban designers to integrate the climatic impact of landscape strategies 
into sustainable energy use considerations for buildings (Hashemi et al., 2018).  

This research is based on literature review, and data assessment, collected from urban modeling 
interface (umi), which is a design environment for Rhinoceros 3D (http://rhino3d.com), for evaluating the 
environmental performance of neighborhoods and cities with respect to operational energy use, walkability, 
and daylighting potential (Reinhart et al., 2013). Thermal Delight, adopted here from Heschong (1979), 
explores the impact of landscape design on building energy performance. Aiming to integrate micro-climate 
considerations with urban landscape typologies for energy efficiency, this research strives to connect the 
many facets of the urban landscape to building energy savings. Considering four different urban typologies, 
which include high-height high-density, low-height high-density, low-height low-density, and low-height low-
density (Passe & Battaglia, 2015), and three distinctly different climates (Des Moines, IA; Miami, FI; 
Phoenix, AZ), the full Thermal Delight project is making steps towards linking ‘natural infrastructure’ to 
building energy efficiency. 

The purpose of this paper is to quantify the impact of the vegetation in one of the above-mentioned 
urban scenarios (high-height low-density) in Des Moines, IA. The impacts or improvements expected from 
this research for regenerative and sustainable design are manifold. This project provides a novel 
investigation into qualitative and quantitative landscape design strategies to reduce building energy 
consumption and improve the climate of outdoor spaces in the age of climate change (Iowa Climate 
statement, 2018). This project will contribute to the improvement of design prediction capabilities for the 
integration of vegetation into a building and urban energy model. Metrics will predict reduced energy use 
intensity (EUI) for each proposed strategy per urban morphometry classification. 

 

2.1 BACKGROUND AND RECENT LITERATURE 
 
Energy simulation analysis allows users to carry out the calculation of building energy consumption 

as well as investigation of the impact of energy management strategies upon this matter (Poddar et al., 
2017). The energy conservation effect of landscape parameters, as an example, has long been recognized. 
In previous studies, vegetation was considered as a measure of urban microclimate improvement for 
buildings and surrounding environments by reducing reflected radiation, alleviating surface heat fluxes, and 
increasing evapotranspiration. 

The effect of trees on heating and cooling load reduction, as an energy management strategy, has 
been estimated by varies studies at the building, city, and regional scale (Akbari & Taha, 1992; McPherson 
et al., 2003, Hwang et al., 2016; Nowak et al., 2017; Hashmi et al., 2018). It is found that urban trees can 
alter building energy consumption through casting shade, cooling air temperature, and changing wind 
speed, (Nowak et al., 2017) and this is highly dependent on tree characteristics such as the tree placement 
(Donovan & Butry, 2009), canopy type (Simpson & McPherson 1998); and the size of trees (Wang et al., 
2016). For example, precious findings indicate that 30% increase in vegetation cover of the neighborhood 
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in Toronto can reduce the cooling energy demand in urban houses (10%) and rural houses (20%) (Akbari 
& Taha, 1992). Investigating the effect of tree placement on cooling energy demand, simulation results of 
Hwang et al. (2016) indicate that in southern cities of the U.S. a large tree on the west side of a building 
can reduce its annual energy consumption by up to 160 kWh. It is found that trees are able to lower 
residential sector energy use by 7.2% in national scale (Nowak et al., 2017) and the potential cooling use 
by 5% in the community scale with 40 buildings (Hashmi et al., 2018)  

Generally, it is argued that there is a direct relationship between the size of a tree and energy-
saving potential due to the value of shading (Donovan & Buty, 2009). In terms of placement, shading the 
east, and especially the west side of the buildings with trees, keeps buildings cooler during the summertime 
(McPherson et al., 2006). Also, energy saving can increase due to the shading density that depends on the 
density of a given tree canopy (Pandit & Laband, 2010).  

Moreover, a group of studies has been developed to model the shading effect of vertical green 
systems as well as green roofs on building façade using energy simulation tools. (Alexandri & Jones, 2008; 
Wong et al., 2010; Stec et al., 2005). For instance, measuring the thermal performance of plants in a double 
skin façade, Stec et al. (2005) have found that energy consumption for cooling had been reduced by 
approximately 20%. Dahanayake and Chow (2017) found that green facades can notably reduce a building 
skin temperature during the summer (approximately 26  reductions of exterior surface temperature). But, 
on the other hand, these greenery systems have the potential to increase heating energy consumption 
during the cold season due to the fact that they can block solar radiation from reaching the building surface 
(Dahanayake & Chow, 2017). Furthermore, by analyzing the thermal performance of green roofs, they have 
been found effective in reducing the building roof temperature by about 3-4  (Zhang et al., 2017). 

According to the studies mentioned above, although considerable attention has been directed 
towards the effectiveness of landscape features on building energy performance, yet little has been done 
to compare detached and attached vegetation systems in relation to building energy conservation. 
Moreover, traditional building energy simulation programs do not effectively simulate the energy 
performance of a group of buildings or a neighborhood altogether. Therefore, using umi, this paper's 
objective is to develop a workflow for an urban energy model of a block in the Midwest of the USA. In so 
doing, we employed a computer simulation tool to investigate how quality and quantity of shade cast by 
greening conditions on exterior façades impact the seasonal and annual energy consumption of a group of 
buildings. The hypothesis is that the results of the energy simulations will let us to choose the best greening 
way for the purpose of energy saving in a given building.    

 
 

3 RESEARCH OBJECTIVES  
 
The importance of sustainable architecture and green technologies have been increasingly topical 

to face the drawbacks of climate change. However, the comparison of the impact of natural features on 
architecture has too often been neglected in discussion on building energy saving. This study aimed to 
close this gap in the literature. Rather than viewing landscape design solely for adding style and serenity 
to architecture, we suggest accepting greenery of double façade and trees as energy saving strategies that 
should be considered and embraced. This project has been proposed in order to develop landscape 
strategies and spatial design guidelines for a number of urban and suburban spatial typologies to improve 
urban microclimate for buildings and surrounding environments. For this purpose, our project makes the 
following contributions: 

1) Quantify the effect of trees and green surfaces on building energy consumption due to 
decreased electricity use for cooling; 

2) Shows that when total energy use in buildings is different during the year, consumers drives 
different benefits from landscape features in various seasons; 

3) Demonstrates, through energy simulation models, that properly positioned shade casted by 
trees or green façades can reduce electricity use during summertime; 

4) Explore the average energy consumption in building caused by different opening area ratio on 
exterior skin in association with greening typologies.  

March 18-21, 2020 (canceled due to COVID-19)

113



4 METHODS 

4.1 Case Study 
 
In this study, we carried out building energy simulation in Des Moines, Iowa, in order to analyze the 

effects of the local climate on the energy conservation advantages of two main landscape strategies. 
Because the local climate is a crucial factor in energy usage (Hwang et al., 2016), this city with significant 
seasonal changes has been chosen for the study. Des Moines has a notable temperature difference 
between the warmest day in summer and the coldest day in winter (to 70 ) (Average weather in Des 
Moines, Iowa, United States, 2016). July is the hottest month for this city with an average high temperature 

es, Iowa, 
2019). 

Using Rhinoceros, a generic city block with an area around 78,000 m2 was modeled. The model 
includes nine detached buildings and the related street canyons. The buildings are 22 meters (72 feet) in 
height, about 7 stories, and 12 meters (39 feet) in width. The roads' width between the buildings is 18 
meters (59 feet). Since this research is not limited to a season, the simulations examined the energy savings 
of the structures throughout the whole year consisting of summer (June, July, August), fall (September, 
October, November), winter (December, January, February) and spring (March, April, May). 

4.2 Landscape Design Strategies 
 
Landscape strategies were designed for the given urban density scenario. They included attached 

and detached living systems in/ on/ around buildings for developing spatial design guideline for energy 
saving (Figure 1).    

 

4.3 Modeling Landscape Features 
 
In order to run the simulation in UMI, proposed trees (Celtis occidentalis or Acer rubrum) were 

transformed into 3-D shapes in Rhino 3D. Tree trunks were presented by the cylinder. We created the 
cylinder shape using three inputs, the base location, trunk radius according to data for tree diameter, and 
tree height. The paraboloid canopies were created as ellipsoid shapes (Hashemi et al., 2018). To include 
the measurement of the canopy radius, we used the data for tree diameter (Celtis occidentalis, 2019) 
(Figure 2). In addition, although there are different kinds of green walls and green roofs, this research used 
rectangular surfaces to represent the concept of these vegetation systems. The buildings’ façades and the 

Figure 1. Landscape strategies. Strategy 1: Reducing surface temperature by shade trees; Strategy 
2: Green surface for regulating building’s temperature; Strategy 3: Covering buildings with green 
roof. Graphics by the authors.
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green surfaces are the same size in the model (Green walls are 22×12 m2, and green roofs are 12×12 m2). 
The Rhino models containing the buildings and the landscape features were then imported in UMI to create 
energy simulations. For the purpose of this research, we assume that the trees and the green surfaces are 
in full leaf all the year around. In so doing, we tried to minimize the variations, like seasonal changes of 
plants, encountered in the energy simulations. 

4.4 Modeling Energy Performance in UMI 
 
Since this study is going to improve design prediction for urban planners and municipalities in terms 

of the integration of vegetation in the vicinity of buildings; hence, a simulation tool was needed that 
effectively model a group of buildings. In this regard, we used an urban modeling design tool called Urban 
Modeling Interface (UMI), which is a Rhinoceros-based program. Umi uses EnergyPlus for energy 
simulation and DaySlm for daylight and solar radiation. This program provides architectures and urban 
designers with a familiar modeling environment in which they can merge the assessment of an urban 
environmental performance with design development in Rhinoceros and Grasshopper (Reinhart et al., 
2013). 

As a new generation of urban performance simulation tools, UMI can “efficiently model multiple 
buildings, approximate microclimatic effects, and consider multiple sustainable performance metrics.” 
(Reinhart et al., 2013). This program is able to provide users with meaningful information that facilitates the 
design process at both building and neighborhood scale (Ibid, 2013). Using umi, this study quantified the 
impact of shading cast by tree and green surface on the annual energy consumption of a prototypical 
structure model. 

In order to evaluate the heat reduction and energy-saving effect of both trees and living surfaces, 
three scenarios were created by the abovementioned 3D models in umi: A) Scenario 1 includes the urban 
block without landscape features, B) Scenario 2 includes the urban block with four trees around each 
building that is shown as green 3D geometric shapes as noted above, and C) Scenario 3 includes the same 

Figure 3. A) Energy modeling scenario 1, B) Energy modeling scenario 2, C) Energy modeling 
scenario 3. Graphics by the authors. 

Figure 2. Transferring proposed trees 
(Celtis occidentalis) into simple 3d 
model for energy simulation (Hashemi et 
al., 2018). Reproduced by the authors. 
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urban block with vertical green walls covering the facades and green roofs, illustrated with green color, with 
no tree around (Figure 3). 

The EnergyPlus Weather (EPW) data file was downloaded from the EnergyPlus website for use in 
UMI. Typical meteorological year (TMY) using the TMY3 data set for Des Moines, IA was utilized for 
simulations (Weather Data by Region, 2019). Additionally, the appropriate software layers for various site 
elements were chosen.  

In scenario1,2, and 3, the window-wall ratio was adjusted from 40% to 80% to include the impact 
of transparent façade elements building energy performance. The results of the models calculate the 
amount energy consumption for each building as well as the whole urban block. Considering the differences 
between the estimated energy consumption, which was reported in kWh, the results represent the impact 
of the landscape strategies on energy usage. Figure 4 shows the process applied for each of the scenarios 
in umi.  

Figure 4. The energy modeling workflow in umi. Diagram by the authors. 

5 RESULTS 
 
Chart 1 reports the data of total annual energy consumption in all three modeling scenarios with 

varying window to wall ratios from 40% to 80% in the high-height, low-density urban block of Des Moines, 
IA. It shows that energy use gradually increases with the rise in the percentage of building opening ratio. It 
is obvious that energy consumption is always higher in scenario 3 (The urban block with living surfaces and 
green roofs) in comparison to other scenarios. While this amount increased from around 880,000 kWh with 
a 40% building opening ratio to about 1,120,000 kWh in 80% building opening ratio in scenarios 1 and 2, it 
grows from 1,157,000 kWh to 1,574,000 kWh in scenario 3 (Chart 1).  

According to graphs 2 and 3, it is clear that the change in operational energy in buildings can be 
affected by adding vegetation cover around the buildings. Chart 2 and 3 illustrate a slight decrease in the 
amount of energy consumption in buildings by including trees around them during both warm and cold 
seasons. The level of reduction ranges from almost 2,000 kWh to 5,000 kWh based on the ratio of openings 
on facades. However, installing green walls and green roofs on buildings shows a different picture of energy 
consumption. According to the graph 2, applying vegetation cover on the buildings during the warm seasons 
decline the energy consumption enormously, from 203,912 to 91,988 kWh in 40% window-wall ratio (55 % 
decline in energy consumption) and from 332,843 to 135,762 kWh in 80% window to wall ratio scenario 
(59% decline in energy consumption). Chart 3 demonstrates a significant rise during the cold seasons, from 
441,591 to 674 800 kWh in a 40% window-wall ratio or 35% increase. Finally, in the 80% ratio, the energy 
consumption increases from 565,506 to 883,280 kWh or a 36% raise. Comparing the chart 2 and 3, it is 
clear that installing green walls and green roofs on buildings have a positive effect on declining operational 
energy during warm seasons; while, during the cold seasons they have negative impacts on energy 
consumption. (Chart 2 and 3). Due to the fact that the landscape elements lose their leaves during the 
winter, so their impact will be lower than the reported figures in this project. 
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Chart 1: Total annual operational energy of 9 buildings in high-height low-density urban block 
located in Des Moines, IA using UMI in scenario 1, scenario 2, and scenario 3 

Chart 2: Total operational energy (June-August) of 9 buildings in high-height low-density urban 
block located in Des Moines, IA using 

Chart 3: Total operational energy (December-February) of 9 buildings in high-height low-density 
urban block located in Des Moines, IA using UMI in scenario 1, scenario 2, and scenario 3 
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6 DISCUSSION 
 
The study shows that urban trees, green walls, and green roof do not equally affect building energy 

consumption. Depending on the shadow area cast by vegetation, the building's thermal performance has 
some unique features. The high variability within the total annual operational energy resulted from the 
scenarios 2 and 3 in this study is a proof of this difference between the potential energy saving of living 
systems. 

Taking only the barren built form in scenario 1 as the base line, the findings revealed that the 
energy-saving potential of trees in our model varies from 1% to 3% annually and seasonally. This confirms 
the result of the prior research on the cooling effect of urban trees through shading that enhances building 
energy efficiency (Wang et al., 2016). The low energy use reduction of the buildings in the second scenario 
can be explained with the small shaded area due to the dimension and the quantity of the trees. While this 
scenario seems to be less effective in terms of building thermal performance than the green surfaces during 
summer, it is clearly more efficient in winter. In places located in cold regions, it is believed that the main 
advantage of vegetation is wind speed reduction as the major contributor to total heat loss from the building 
façade (Poddar et al., 2017).  

According to the results of the third scenario, complete vegetation covering five-building sides in 
scenario 3 represents various results. The findings prove the results of prior studies that heat gain through 
the green walls can be reduced significantly in summer (Poddar et al., 2017), which is at least 56% less 
than the bare walls. On the other hand, though previous studies have found that green walls (Djeding et 
al., 2017) and green roofs (Zhang et al., 2017) can reduce the underlying surface temperature in winter, 
this study produced the opposite effect in scenario 3. An explanation for this is most likely that all the exterior 
surfaces were covered and protected from direct solar radiation causing a significant increase in heating 
energy load for our considerable model. Additionally, the amount of the glazing percentage in all the sides 
seems to be one of the causes of the low efficiency of the plant layer in reducing building energy 
consumption during the year. The main concern, therefore, would be to decrease the cooling load on the 
buildings during the year while the area of the green façade added to the building surface. For this purpose, 
it seems that the green façade should not be impervious to solar radiation during the winter. To be noticed, 
further research seems to be required to explore the thermal performance of the buildings by covering a 
portion of walls and roofs with a green facade. 

The maximum building energy saving, consequently, can be achieved through a desirable tree and 
green surface shade. Meanwhile, heating penalties in cold seasons from undesirable shade cast by 
landscape features should be avoided, significantly, in places located in the cold climate zone. Additionally, 
as Poddar et al. (2017) have found, in order to make energy-saving policy for buildings, their occupancy 
pattern, activities, and physical characteristics are also important parameters that need to be considered. 
Additionally, as a building opening is a contributing factor (Average weather in Des Moines, Iowa, United 
States, 2016)in its energy use, the vegetation cover should be selected and applied with respect to the 
proportion of windows to any given building skin.  

To sum up, the higher energy saving of buildings in scenario 2 during the cold season supports the 
fact that trees work better than green façades under Des Moines's climate condition. Although this study is 
limited to a specific urban morphology regardless of the above-mentioned influential conditions, the method 
could be replicated where landscape strategies are going to be implemented for building energy-saving 
purposes. 
 

7 CONCLUSION AND FUTURE WORK 
 
This paper describes a technique to evaluate the cooling effect of landscape strategies on buildings 

in a specific urban typology, which is a high-height low-density urban block, in Des Moines, IA. We 
investigated both the influence of urban trees and green surfaces and simulated the buildings' thermal 
performance associated with increasing planting cover using a model of a block of nine detached buildings. 
Our preliminary results illustrate a relatively modest effect of trees on building energy consumption in both 
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warm and cold seasons. Although the plant surfaces reduce the buildings' energy use considerably, their 
impact on this matter is reverse in cold months.  

The method presented here does provide the opportunity to easily explore the impact of living 
systems on building energy performance in other urban typologies and other climate conditions. However, 
it is noticeable that this method does not yet include other influential factors like evaporation, which is likely 
to change the effect of landscape features on building energy performance even more. The project 
proposes further experiments utilizing the Mobile Diagnostics Lab (MDL) (Iowa State University, n.d.) to 
test vegetation coverings and location in order to measure and validate the quantitative impacts. This 
equipment is designed for different building energy research applications. It is composed of an 8' (W) × 10' 
(L) × 9' (H) experimental cabin and an attached mechanical room on a 19' long trailer with air suspension.
It houses programmable heating, ventilation, air conditioning (HVAC), and an expandable data acquisition
system (DAS). The DAS can collect data at different frequencies with multiple sensors.

The research capacities of the MDL enable the study of diverse heat transfer paths through building 
assemblies, heat transfer between building surfaces and surrounding microclimate, baseline energy 
consumption for different climates, and computational fluid dynamics models for natural ventilation and 
passive heating. 
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