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ABSTRACT The reduction of the energy use of buildings at the urban scale represents a key
research and design topic with the purpose of developing specific methods for saving
energy in buildings. These methods are often focused on the analysis of building thermal-
energy behavior by considering the building as a stand-alone object. In this per-spective,
the thermal-energy behavior of two buildings in New York City is evaluated in this paper
with varying urban contexts, in order to evaluate the Inter-Building Effect (IBE). The IBE
analysis shows that the inaccuracy in neglecting the urban context in building modeling
varies from 9.6 percent, to 71.9 percent. These results confirm that, in order to make
accurate predictions about building thermal-energy performance in real urban contexts
through dynamic simulation, the interaction between the building and the urban
surrounding should be taken into account, in particular in dense urban areas.

Keyworps inter-building effect; urban context; building thermal-energy dynamic
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Introduction

The issue of analyzing the complex relationship among buildings in terms of
thermal-energy behavior at an urban scale has become increasingly important for
both designers and researchers, considering the large amount of energy consumed
by buildings and the huge environmental sustainability issue related to the con-
struction sector. Several sustainable development indicators have been proposed
by Berardi (2012), who introduced different rating systems for the evaluation of
building energy requirements by considering, first, the buildings separately, and,
second, the buildings all together, as a whole. In fact, the global contribution of
build-ings to total energy consumption has increased to 40 percent of the total
energy requirement (Perez et al., 2008); moreover, a strong increase in urban
populations has been predicted by 2050 (US Green Building Council, 2011), with a
consequent expected variation of urban morphology and density. Due to this
expected mutation, the elaboration of a rigorous method for the energy
assessment of buildings located inside the urban context has become a key
research issue (Rossi et al., 2014).

Therefore, the research presented in this paper deals with the investigation of the
energy performance of two buildings’ configurations: first, concerning the
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individual buildings (stand-alone configuration) and, second, investigating the
same buildings within their urban context, in order to assess the impact of the
“Inter-Building Effect—IBE” (Pisello et al., 2012a) on energy performance. The IBE
index represents a parameter aimed at quantifying the effect of the mutual
influence and interaction of adjacent buildings in terms of year-round energy per-
formance. In this perspective, the purpose of this paper is to quantify the error in
predicting energy requirements that may derive from considering the building as
a non-realistic, stand-alone object rather than the same building in its urban neigh-
borhood, even if the analysis is carried out, in both the case, by sophisticated
dynamic simulation tools (Crawley et al., 2001). In fact, it was demonstrated
(Pisello et al., 2014) that effects attributable to the mutual interaction among build-
ings can become very significant in terms of energy dynamics; thus they cannot be
neglected while accurately predicting buildings” energy use in an urban context.
Additionally, starting from these results, this research analyzes the Inter-Building
Effect at different levels of urban density.

Background and Objectives

During the last decade, several research efforts were carried out to investigate the
interaction between buildings and their surrounding environment (Steemers,
2013). Important research evaluated the effect of the local outdoor thermal con-
ditions on the energy performance of buildings and their results showed that it
is necessary to consider the local boundary conditions in addition to the buildings’
features (He et al., 2009) for predicting realistic building energy behavior.

Other studies were performed also in order to evaluate peculiar urban climate
phenomena affecting buildings’ thermal-energy performance, i.e. Urban Heat
Island (Memon et al., 2008), as a result of the sprawling urbanization and the con-
sequent increase of emissions and pollutants’ concentration in dense urban areas.
To this aim, Akbari et al. (1997) estimated the impact of local-scale climate vari-
ations on actual buildings’ energy performance by monitoring and simulating
several buildings in Sacramento, CA. Hassid (Hassid et al., 2000), moreover,
investigated the effect of summer heat islands in the western part of Athens on
cooling energy demand and peak power, via building energy dynamic simulation.
Rosenfeld et al. (1995) evaluated both building-scale and city-scale effects of the
increased temperature, typical of urban heat islands, and the consequent increase
in cooling energy use.

Together with the growing investigation of urban phenomena, energy costs in
recent years has led to the development of sophisticated techniques for assessing the
energy consumption and indoor air quality of urban buildings (Pisello and Cotana,
2014). In particular, dynamic simulation tools allowed researchers to make reliable
predictions about the energy behavior and environmental impact of buildings from
the early stage of the design (Crawley et al., 2008). On the other hand, Ambrosone
et al. (1983) developed a method for modeling buildings in order to assess their
global behavior through the aggregation of different blocks. Pisello et al. (2012b)
developed an innovative method to integrate architectural design, dynamic simu-
lation, experimental campaign, and sensitivity analysis for optimization.

The increasing affordability of these simulation tools also guided
other researchers to develop rigorous models aimed at evaluating the energy
performance of buildings within their surrounding environment, focusing atten-
tion on both the environmental impact of buildings and the impact of surrounding



areas on the energy performance of buildings. Therefore, Dalamagkidis and
Kolokotsa (2008) studied the overall “environmental control” of buildings and
emphasized the importance of the implementation of “intelligent control tech-
niques” to monitor all the factors responsible for a building’s sustainability in
terms of thermal comfort, visual comfort, air quality, and energy conservation. To
this same purpose, the research by Morello et al. (2009) demonstrated the
important role that urban design and urban configurations play in the perform-
ance of individual buildings. This same contribution consisted of the elaboration
of specific tools to quantify the impact of the urban morphology in determining
buildings” energy balance. The study provided preliminary analysis procedures
for urban planning, comparative energy assessment, and building performance
optimization. Additionally, Ratti et al. (2003) implemented an integrated approach
to analyzing the energy performance of buildings in the urban context through
innovative techniques for urban analysis based on raster image processing.
Moreover, Heiselberg et al. (2007) elaborated sensitivity analyses to identify the
most important parameters related to the building-performance optimization at
the early stage of the design process.

In the same panorama, PJ. Jones et al. (2001) emphasized the importance of
con-sidering buildings as part of an urban neighborhood, affecting the thermal-
energy performance of the neighborhood. They proposed the “Energy and
Environment Prediction” (EEP) model using a GIS platform for predicting the
energy consump-tion and environmental impact of a neighborhood network of
buildings. These new modeling approaches considered buildings in an urban
environment defined by the presence of other buildings (Pisello et al. (2012a). The
existence of these other build-ings must be taken into consideration when
investigating a building’s energy requirements. The error in determining the
thermal-energy behavior of those build-ings is not negligible in several climate
contexts, both in summer and winter conditions. Therefore, they developed a
method for evaluating buildings’ energy performance by enlarging the
perspective from the perspective of an individual building to a network of
buildings, by calculating the Inter-Building Effect (IBE) extent in terms of primary
energy requirement for heating and cooling.

Capeluto and Shaviv (2001), therefore, investigated buildings” mutual influ-
ence in terms of availability of sunlight. They proposed a model for the calculation
of urban density to show that the modification of the urban layout may produce
important variation in the availability of natural light even in a very dense urban
context. Further investigations about this issue were carried out by Golany (1996),
who identified a set of rules about the orientation of streets, the geometry of the
buildings, and the urban proportions in order to achieve the best coupled inside-
outside comfort conditions, especially in terms of the day-lighting optimization.

Later on, the complex relationship existing between the energy requirements
of buildings and their occupancy at inter-building levels was also investigated, by
simulating the impact of a peer network on the energy use of the buildings. In par-
ticular, Xu et al. (2011) developed an integrated, inter-building physical and
human network model in order to predict the energy conservation potential for
an assumed urban block. Furthermore, in order to accurately simulate the
energy consumption of users in peer networks when they are exposed to eco-
feedback systems, Chen et al. (2013) proposed a new random network model by
agent-based simulation, in order to emulate the energy consumption of users in
peer networks when they are exposed to eco-feedback. In this perspective, by
implementing the important research developments in building physics, urban



design, and in the complex relationship between buildings and their surround-
ings, the purpose of this work is to study the inter-building phenomenon with
varying urban configurations. To this end, the dynamic simulation of two build-
ings is carried out in both the “stand-alone” configuration and inside an urban
context. Different urban configurations are also modeled, to investigate the corre-
sponding Inter-Building Effect extent with varying urban morphologies. Build-
ings’ energy dynamics are here evaluated in real neighborhoods with realistic
climate conditions, in order to precisely define how the whole urban network
affects energy predictions for buildings and, therefore, to demonstrate the strong
impact of urban morphology on the energy assessment of buildings in terms of the
Inter-Building Effect.

Methodology for Assessing a Building’s Energy Needs in an Urban Context

In order to evaluate the difference in the energy performance of individual build-
ings compared to those same buildings considered inside their urban network,
two real buildings were selected in the city of New York: an office building and a
residential building. The goal was to simulate energy consumption in buildings
that had different uses but equivalent technical and architectural features, in order
to evaluate the influence of the urban surrounding, i.e., IBE, in buildings charac-
terized by different occupants and different control systems.

The first stage consisted of evaluating the urban context, analyzing the build-
ings” architecture, and assessing the buildings’ energy plants and construction
materials. This information constituted the input data for the elaboration of a rea-
listic model to be simulated within the Energy Plus dynamic simulation environ-
ment (Crawley et al., 2001). Then, the dynamics of the two buildings in the two
different configurations, i.e. as “stand-alone object” and within the “urban
network,” were simulated, in order to quantify the IBE (Inter-Building Effect)
index, in terms of primary energy requirements for heating and cooling in the two
buildings. Therefore, as input parameters for the analysis, the real geometry and
construction technology of the two buildings were considered, in addition to the
real HVAC systems and occupancy schedule of each thermal zone. All this
information was collected during a preliminary energy audit of the buildings
where architectural and technical plants were investigated. According to these
detailed input data, final results concerning the primary energy requirements of
the buildings for both heating and cooling were obtained through the year-round
dynamic simulation of the thermal-energy performance of the buildings, in terms
of primary energy requirements.

Additionally, the analysis was extended to determine the inter-building
mutual impact in terms of variation of indoor operative temperature and solar
gains through windows in several days during the course of the year. The same
comparison was then similarly performed by considering only the “lower floors”
of each building, in order to estimate the maximum registered IBE.

The second part of the study consisted of the evaluation of the effect of the
urban morphology and the density of the construction on the buildings’ thermal-
energy behavior. To this end, three different neighborhoods in New York City,
representing different levels of urban density, were modeled and simulated in
terms of urban geometry. Finally, the Inter-Building Effect was calculated for each
of the three different urban configurations.



Dynamic Thermal-Energy Simulation

Both annual and daily dynamic simulations of the case study buildings were per-
formed by taking into account both architectural and technical features of the
buildings.

Therefore, both the real buildings” HVAC systems and internal loads for
appliances were taken into account, by considering technical plants and occupancy
of the buildings. Occupancy energy use was estimated by considering an
occupancy level of 0.5 persons per m” and additional heat gains due to the
presence of generic equipment (i.e., fridges, lamps, computers) from about 12 to 30
W/ m2, depending on the considered thermal zone. As regards the HVAC systems,
mechanical ventilation providing 3 vol/h was modeled, together with a gas-fire
condensing boiler and fancoil units. The systems were on from 08.00 to 18.00 five
days a week in the office building (“B1”). As regarding the residential building
(“B2”), the user’s profile was slightly different as it considered the systems on from
07.00 to 22.00, and internal gains of 3.5 W/ m? and 30 W/m?, for bedrooms and
kitchens, respectively. The building’s infiltrations value was set around 0.7 vol/h.

The envelope characterization in the simulation engine was carried out by
describing each layer material, as observed in the technical plants and reported in
the following “Description of the case study” section. The final thermal trans-
mittance and internal heat capacity values were calculated by following the tech-
nical prescriptions provided in BS EN ISO 6946 (BS EN ISO 6946:2007). In
particular, opaque wall thermal transmittance corresponds to 0.35 W/m?k, and
internal heat capacity of the same walls corresponds to 88.2 kJ /m’k.

The climate file used for the energy simulation was the TMY file (Oko and
Ogoloma, 2011) of New York City, JFK, which takes into account the hourly
characteristics of the city weather and climate boundary conditions, by referring to
the data provided by the weather station located at the John Fitzgerald Kennedy
Airport (JEK). The real orientation and position of the buildings and their actual
geographic locations were also taken into account.

Inter-Building Effect Calculation

After using dynamic simulation to analyze the considered scenarios, i.e. single
buildings and networks of buildings in varying urban density contexts, the
Inter-Building Effect was estimated, by analyzing the difference between the
two scenarios in terms of indoor thermal behavior and primary energy require-
ments for heating and cooling.

The IBE index calculation was performed following the procedure proposed
by Pisello et al. (2012a), on both monthly and annual bases, for each urban density
level and for each case study building. The calculation was carried out by (eq.1) as
follows:
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where:
e K: index of neighborhood type;
e w: number of months in which the index is evaluated;



e PEN.,i: primary energy demand for heating and cooling in the case of the
building within the urban network ("N" configuration);

e PES,i: primary energy demand for heating and cooling in the case of build-
ing considered as "stand-alone" ("S" configuration).

As previously mentioned, the IBE index was conceived so that the further the
index is from zero, the greater is the error in determining the building energy
requirement if each building is modeled as a stand-alone object rather than
within the urban network.

Description of the Case Study

The Buildings. The proposed methodology was applied to two different existing
buildings located Midtown Manhattan, New York City, within the “Worldwide
Plaza” complex (See Figure 3.). This complex consists of two main buildings: the
“One Worldwide Plaza” and the “ Two Worldwide Plaza,” which are two sky-
scrapers of the Post-modern architectural school, designed by David Childs of
Skidmore, Owings & Merrill, and completed in 1989. The first building (B1) is a
50-floor office building, 237.14 m high; the second skyscraper (B2) is a 38-floor
residential building, 119 m high (See Figures 1 and 2).

After the definition of the orientation and the geographical positioning of the
two buildings, situated at a latitude of 40°45"4293” and longitude of 73°59’0558" at
about 16 m above sea level, the architectural and technical features of both the
buildings were investigated. They both are characterized by a "sandwich" panel
envelope, consisting of (i) an outer layer of bricks (0.08 m), (ii) an insulation
panel of XPS (0.08 m), (iii) concrete blocks (0.10 m), and (iv) internal gypsum plas-
terboard (0.01 m). As far as the windows are concerned, both of the buildings are
characterized by a simple double glazing system (3 + 13 + 6 mm) with an air
filled camera and aluminum frames. Given the real occupancy schedule of the two
buildings, open space offices in Bl and apartments in B2 were modeled. A main
lobby was also modeled in both the buildings at the ground floor; moreover,

Figures 1 and 2: Models of the two case study buildings: (Left) The office building (B1).
(Right) The residential building (B2).



Figure 3: Schematic layout of the real neighborhood, where the “Worldwide Plaza” complex is
located.

the areas directly adjacent to the roofs were not considered as "thermal zones" in
both the simulation models.

The Urban Neighborhoods. In order to estimate the impact of the urban mor-
phology on predictions of energy consumption, three realistic urban configur-
ations were taken into account. Therefore, in addition to the original model of the
neighborhood where the case studies are located, two other models of neigh-
borhoods were simulated through the same methodology. In particular, Hell’s
Kitchen, which is the case studies’ effective neighborhood, represented the "inter-
mediate" urban density level in this study. The other two models consisted of: a
neighborhood characterized by low-rise buildings in Soho (about 20-25 m), in
order to characterize the traditional Downtown Manhattan district; and a neigh-
borhood with very high-rise buildings (about 150-200 m), as the traditional sky-
scrapers” district in Midtown Manhattan (See Figures 4 and 5).

Discussion of the Results
Daily Thermal-Energy Assessment

The simulations were performed for the two case study buildings within the
three considered neighborhoods in order to compare the “stand-alone” with the
“building-network” conditions. The operative temperature, the sensible heating
and cooling requirement, and the solar gains through the windows were chosen
as the main parameters to investigate the IBE. For daily analysis, representative
days for each season were selected: January 21 for winter, April 21-22 for



Figures 4 and 5: Models of the two neighborhoods evaluated: (Left) Soho, Downtown Manhattan;
(Right) Theater District, Mid-Town Manhattan, New York City.

spring, July 21-22 for summer and October 21 for fall climate conditions. The
analysis of the daily profile of indoor operative temperature showed how the two
cases of stand-alone buildings and buildings inside the urban network present
important differences, up to 2.5°C, around noon and first afternoon, i.e., when
solar radiation has the main impact on indoor thermal performance (See Figures
6(a) and (b)). Focusing the attention to the only lowest floors, this same difference
is even higher, and its maximum value (4.8°C) is registered for B2 in fall (See
Figures 7(a) and (b)).

The evaluation of solar gains through the external windows showed impor-tant
discrepancies between the two simulated scenarios (i.e. “S” and “N” configuration).
In fact, the solar gains are greater in the case of the “stand-alone” building rather
than the case of the same building surrounded by adjacent buildings, which
represent a sort of physical shading, with even higher effects at lower floors. In
particular, the maximum difference is about 24 percent (339 kWh) on July 21 for Bl
and 77 percent (260 kWh) on October 21 for B2. For what concerns the lower floors,
the difference in terms of solar gains between the two configurations corre-
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Figures 6 (a) and (b): Indoor thermal-energy analysis of the two buildings;(Left) the office one (B1) and
(Right) the residential one (B2), considered as a whole, for the months of July. Comparison between the
stand-alone (“single”) and the urban network case (“block”) in terms of trend of indoor operative
temperature.
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Figures 7 (a) and (b): Indoor thermal-energy analysis of the two buildings: (Left) the office one (B1)
and (Right) the residential one (B2), referring only to the lower floors, for the month of October.
Comparison between the stand-alone (“single”) and the urban network case (“block”) in terms of trend
of indoor operative temperature.

sponds to 75 percent (69.5 kWh) on October 22 and 78 percent (55.3 kWh) on July
21, for B1 and B2, respectively.

The result of the dynamic simulations concerning a south-facing thermal-
zone located at the 5th floor of each building were then analyzed. The solar
gains through the external windows are shown. The analysis showed that on a
typical winter day (January 20), when the sun height is lower, the impact of sur-
rounding buildings in terms of shading effect is even higher than during the
summer (July 20), despite the more powerful radiation extent registered in
summer. The peaks found for January (See Figures 8(a), (b), (c), and (d)) were gen-
erated by the fact that the building has two main groups of windows: the first faces
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Figures 8 (a), (b), (c), (d): Analysis of a south-facing thermal zone situated at the 5th floor of each
building; (Left) the office one (B1) and (Right) the residential one (B2), for the months of January and
July. Comparison between the stand-alone (“single”) and the urban network scenario (“block”) in terms

of solar gains through the external windows.



southeast and the other, which faces southwest, is shaded by nearby buildings in
the winter when the sun strikes at a lower height. In summer, solar radiation is
consistent during the course of the day because of the high intensity of the
diffuse solar radiation. The shading from the surrounding buildings located in
the southeast occurs in the morning, while the shading from adjacent buildings
southwest occurred during the afternoon. In particular, the presence of the sky-
scraper on the southeast side of Bl makes this building more affected by the
IBE phenomenon.

In order to evaluate the energy performance of the case study buildings, the
analysis of the energy requirement for heating and cooling from the "New York
City Department of Housing Preservation & Development” (www.nyc.gov) is
here examined to determine the heating and cooling period in Manhattan, NY.
This document reports that, in general, the heating equipment is not operative
from June to September, while the cooling system is not operative from October
to April. Therefore, the collected results concern the operative system period for
both energy systems.

The results showed that, in terms of cooling and heating requirements, the
performance of the two buildings differ up to 155 kWh (7 percent) in terms of
primary energy requirements for heating registered on January 21 (See Figure 9a.)
for the office building (B1), and up to 43.5 kWh (18 percent) on January 21 for the
residential building (B2) (See Figure 9b). On the other hand, by considering only
the lower floors, an even more important difference is found: the Inter-Building
Effect corresponds to 168 percent (at 09.00) and 298 percent (at 06.00) on October
21, for B1 and B2 respectively (See Figures 9c and 9d). Also, the analysis of the
primary energy requirements for cooling showed significant
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Figures 9 (a), (b), (c), (d): Energy analysis of the two buildings; (Left) the office one (B1) and (Right) the
residential one (B2), considered as a whole (9a/9b) and by referring only to the lower floors (9¢/9d), for
the months of January and October. Comparison between the stand-alone (“single”) and the urban
network case (“block”) in terms of trend of the sensible heating provided (kWh).
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differences between the stand-alone buildings and the same buildings inside the
urban network. The energy requirement varies up to 359 kWh (28 percent) on July
22nd for B1 and up to 68 kWh (31 percent) on July 21 for B2 (See Figures 10a and
10b). In fact, in July, and in summer conditions in general, the primary energy
requirement for cooling is higher for the stand-alone building rather than within
the urban context, because there is no shading from adjacent buildings. In fact,
cooling requirements are higher in the case of stand-alone buildings, with
differences of 34 percent and 58 percent on July 21 for the two buildings.
Additionally, consistently with respect to the previous findings, the lower floors
of B1 and B2 show that the primary energy for heating is higher in the case of the
buildings inside their urban network.

Inter-Building Effect of the Real Neighborhood

The analysis of the Inter-Building Effect is now carried out through the evaluation
of the energy performance of the case studies. In particular, the primary energy
requirement for heating and cooling is taken into account on both a daily and
an annual basis. As expected, the differences are also visible in terms of building
energy performance; in fact, the main results show that the primary energy
requirement for heating presents lower discrepancy between the two scenarios,
with respect to the primary energy requirements for cooling (See Figures 11(a)
and (b)). This seasonal variation is mainly due to the extent of solar radiation
during summer months. This means that the mutual shading, produced by the
presence of close buildings taken into account through the IBE analysis, has a rela-
tively higher impact.
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Figures 10 (a), (b), (c), (d): Energy analysis of the two buildings; (Left) the office one (B1) and (Right)

the residential one (B2), considered as a whole (10a/10b) and by referring only to the lower floors (10c/

10d), for the month of July. Comparison between the stand- alone (“single”) and the urban network case
(“block”) in terms of trend of the sensible cooling provided (kWh).
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Figures 11 (a), (b), (c), (d): Year-round energy profile for the two buildings; (Left) the office one (B1)
and (Right) the residential one (B2). Comparison between the stand-alone (“single”) and the urban
network case (“block”) in terms of trend of Primary energy (kWh) for heating (11a/11b) and cooling
(11c/11d).

In more detail, the maximum difference in terms of primary energy require-
ment for heating between the “stand-alone building” and “network-building”
scenarios, corresponds to 3.2 kWh/m?2 (6 percent) in January and to 4.5 kWh/
m?2 (26 percent) in March, for B1 and B2 respectively. Given the already mentioned
lower contribution of the solar gains in the “S” case, higher energy needs are regis-
tered for the case of the whole urban block (See Figure 11(a) and (b)).

On the other hand, the primary energy requirement for cooling results to be
higher in the stand-alone scenario for both the case-study buildings, which report
a maximum difference of 5 kWh/m?2 (26 percent) for Bl and 5.8 kWh/m2 (31
percent) for B2 in August (See Figures 11c and 11d).

The overall year-round IBE assessment is now carried out for both the
buildings in terms of primary energy for heating and cooling. Therefore, the
monthly values of the Inter-Building Effect, calculated by equation one, are
reported in Figure 12.

The comparison between the IBE of the residential building with respect to
the office building allows further considerations. In fact, the office building is less
affected by the IBE phenomena, given its predominant internal gains which
mostly determine thermal-energy behavior. Additionally, the configuration of the
office building is very much higher than the surrounding constructions. This
peculiar geometry makes this taller building less affected by the impact of
buildings located in its close proximity.

Inter-Building Effect of Varying Urban Density Levels

In order to extend the results to other urban configurations and urban density
levels, the analysis of two other New York City neighborhoods is now performed.
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Figure 12: Year-round Inter-building effect analysis for the two case-studies, the office building
(B1) and the residential building (B2).

The purpose is to investigate the IBE extent with varying urban morphology. The
two neighborhoods considered in this analysis are the New York City blocks of
Soho with typical low-rise buildings (i.e., non-dense urban area), and the
“Theater District” (i.e., very dense urban area) which is characterized by several
skyscrapers. The IBE calculation is performed for each urban layout, for both
the case study buildings, and the results are reported in Figures 13a and 13b.

Consistent with the previous findings, the calculated Inter-Building Effect
reveals a significant growing trend with higher urban density levels, for both Bl
and B2 (See Figures 14(a) and (b)).

Table 1 points out that the Inter-Building Effect is much affected by the
density level of the surrounding urban environment. In fact, the IBE values grow
together with the increase of urban density both in terms of building mutual
vicinity and buildings” height. This is true for both buildings, but especially for the
residential one (B2), which is more affected by the IBE due to its lower height and
lower internal loads. In fact, for instance, the IBE value of B2 goes from 2.5 kWh/
m? per month (low density areas), to 3.3 kWh/ m? per month (dense areas), until
6.7 kWh/m? per month (very density areas). As regard-ing the office building
(B1), the IBE value goes from about 1.01 kWh/ m? per month (low density areas),
to 1.97 kWh/m? per month (dense areas), until 4.71 kWh/ m? per month (very
dense areas).
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Figures 13 (a) and (b): Comparison of the year-round profile or Inter-building effect (percent) for the
two case-study buildings, the office one (B1) and the residential one (B2), in the two neighborhoods:
(Left) Soho and (Right) Theater District.
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Figures 14 (a) and (b): Inter-building effect trend for the two case-study buildings, the office one (B1)
and the residential one (B2), in relation to the urban density of the three considered neighborhoods;
(Left) IBE trend in percent; (Right) IBE trend in kWh/m?

Table 1. Inter-Building Effect values with the increase of urban density level, for
both the case study buildings, i.e. B1 and B2.

Urban density level IBEg; IBEg,
Non-dense urban area 9.6% 27.9%
Dense urban area 20.8% 34.3%
Very dense urban area 50.8% 71.9%
Conclusions

In this paper, the thermal-energy assessment of two real buildings in New York
City was carried out in order to evaluate the level of accuracy achievable in the
prediction of building thermal-energy performance by considering the effect of
the surrounding real urban context. The purpose of the research was to prove
and quantify the existing Inter-Building Effect between adjacent buildings in
several urban density levels, by taking into account the impact of different
urban morphologies with varying construction density levels. The influential
role that nearby buildings played in terms of envelope energy balance and solar
gains variations was demonstrated for several realistic urban environments
through year-round thermal-energy dynamic simulation. Adjacent buildings
have, in fact, the effect of altering the thermal exchanges for convection and radi-
ation; the reduction of solar gain through the openings has the advantage of redu-
cing the energy demand for cooling, and the opposite happens during the heating
season.

The comparison of the energy performance between the stand-alone build-
ings and the same buildings through the IBE method showed that building
energy performance hugely depends on the configuration of the urban environ-
ment which could not be neglected in thermal-energy assessment of existing
buildings located in an urban context. The calculated values of IBE represented
the inaccuracy level in terms of overestimation and underestimation of the build-
ings’ energy need.

The indoor thermal environment of the two buildings significantly changed
when the buildings are simulated inside their real urban layout instead of as
stand-alone objects. In more detail, the difference in terms of indoor operative
temperature between “S” and “N” configurations varied between 1°C and 2.5°C
for Bl and B2 respectively. Additionally, when the analysis concerned the lower



floors of both the buildings, the difference grew up to 2°C and 5°C for B1 and B2
respectively.

The solar gains through the external windows, which were greater in the
case of buildings evaluated individually, presented a maximum difference of
24 percent in Bl, and of 77 percent in B2. These differences were up to 75
percent and 78 percent when the analysis is focused on the lower floors of Bl
and B2 respectively. The difference in terms of primary energy requirement for
heating and cooling between the “S” and “N” scenarios corresponded to 6
percent and 26 percent per month for Bl, and up to 26 percent and 31 percent
per month for B2.

Therefore, the analysis of the change in the year-round demand for primary
energy showed that the IBE phenomenon heavily affects the quality of building
energy prediction, as the difference in terms of kWh/m2 per month between
the case of stand-alone buildings and buildings inside their urban network was
significant, both in summer and winter, and for both the case study buildings.
The lack of consideration of the Inter-Building Effect generated important differ-
ences, in both the analysis of buildings” indoor thermal behavior and primary
energy requirement. Therefore, from the analysis of different urban configur-
ations, an increasing trend of the IBE was also detected with growing urban
density. In detail, the analysis showed an IBE of 9.6 percent, 20.8 percent, and
50.8 percent for the office building, and 27.9 percent, 34.3 percent, and 71.9
percent for the residential building, corresponding to the three growing levels
of urban density. Additionally, the IBE was less influential for the office building,
which performance is much more affected by the huge internal gains typical of
office occupancy.

The analysis carried out in this paper showed that the Inter-Building Effect
increases with increasing urban density. Additionally, the comparison between
case study buildings with different occupancy and use showed how the IBE pro-
duces higher impacts on those buildings that are more affected by the outdoor
boundary conditions, such as residential buildings. Nevertheless, the results of
the dynamic simulations performed in this work showed that Inter-Building
Effects could not be neglected in order to investigate building thermal-energy per-
formance during the course of the year, in each urban context.

Future Developments

The evaluation of more representative urban climate conditions in the Inter-
Building Effect analysis could represent a key future development of the research
about energy efficiency of buildings located in urban areas. To this aim, the con-
sideration of a more representative weather file in the energy model, specifically
elaborated to take into account the urban heat island effect, could be useful in
order to further increase the level of accuracy in the energy prediction of build-
ings’ energy performance in an urban context. A comparison between different
weather files could be performed through both dynamic simulation and IBE
analysis with the purpose of evaluating whether or not the TMY climate files
are representative of the real boundary condition of the buildings in dense
urban environment. Interesting sensitivity analyses aimed at investigating the
role of each parameter should be performed. In fact, the analysis of how local
climate is able to affect the energy simulation results represents an interesting



future task to address. In particular, the case of New York City, given its acknowl-
edged urban heat island issue and its urban peculiarity, should be studied. In fact,
the application of a more realistic climate boundary condition into the dynamic
energy simulation environment might significantly change the energy require-
ment prediction both in terms of heating and cooling.

Therefore, further developments of this research may imply the evaluation of
other factors related to a building’s energy assessment such as the specific urban
climate phenomena. The final aim will consist of the estimation of the overall inac-
curacy imputable to the consideration of the building as stand-alone object,
without taking into account (i) the real urban surrounding morphology and (ii)
the local urban climate context, which represent the actual boundary conditions
affecting building reliable thermal-energy performance.
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