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Abstract

How will be the city of tomorrow?

This is the biggest question that everybody does when thinks about the future destiny of the built
environment and more in general of the wonderful planet where we are living. A question that today is
became a priority s e e matdwite thesgiobauveatming and endrgy tomes wo r
fromnonr enewabl e sources increasing. These signal s

what everybody can do for improving the global condition.

In this scenario is collocated this reseamtwthnts to give a new holistic design approach starting
from the European Performance Building Direstitteat go towards Zero Energy Buildings
communities andities

The major part of the solar radiatarailabldéor producing the solar energy expigithe building
envelopetoday remains unutilized. For increasing the solar potential could be enough optimize the
volume and guarantee the solar access in order to improve the soldrdmathestacadedhe use of
the ener gy c¢ o mens ofthe ways teedbce ous anvironmentdl sSmpact on climate and
secure future supptyenergyT he bui |t environment accounts for ¢
energy use and 24% of greenhouse gas emigéidethree quarters of G@missionsire produced in
towns, 75% of the wor | dbiseasien andagsiandithat thefarliishingme d i n
interventiongnd new developmemtrist havenore energegfficient andncreasing theseof renewable

energyreducinghe nonrenewale energyse and greenhouse gas emissions.

This research fecusedon solar potential in urban areasl on microscale microclimatteractions
using theavailable simulation tools for designers in order to dewehmpv design approafdr a
consciousolar and sustainable degigptess

The research starts from the analyses of simple model in order to find the atadysbipd for a
sustainable solar design studying the solar radiation, solar access, overshadowing and solar reflections
(first ®ction), and the effect on a global warming and wind flows in a district (second section)

Then the approach was testexhto two case studies feerifyingif the analytic desigrelations
studied work well in a real urban confeéie analysesre conduetd onan intervention of demolition
and rebuilding of a residential building in a medium deissiigt df the city of Milan (I1tdlyn order to
minimize the overshadowing effect of the neighbourhood buildings and maximize the solar radiation on
the facdes optimizing the volume of the buildioger qualitative analyses on the temperatures and wind

flows on the fagcades as well as the benefit gféba system ordai s t nmicroclimaies
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On thecase study of a high density as the downtown of thef Styfers Paradise (Gold Coast
Australia)was conducted a solar access and solar radiation asalgses new solar design tool to

exploit the solar potential in existing urban areas.

The purpose of this research is to givieew design approafdr urban planners, architects and
engineers fol sustainable desigronsideringmultidisciplinary aspects which influence the urban
environment, asolar radiation, wind flowair tenperatureand green systerfihe study compares the
current urban morphologcenario with designed scenario elaborated by urban planner and architects
and solar optimized design created after solar and micradjinzateécsimulation, in order to develap
conscious and sustainable solar design. Furthermore among other espexdteiplores the different
effects of solar access and solar potential in existing urban areas of low, medium and hidte density.
effects of overshadowing by the built environment surrounding and the benefit in term of solar access
from the solar refkction coming from the nearby buildings are investigatgses on thermal comfort,

di strictds gl obal war mi ng, dpermiged to andlyse ow thensolarwi n d
systems installation on a building envelope influence thé dissic mi cr ocl i mat e comf or
stressat the ground level as welltzs benefit given from the presence of the green systems in terms of
average global temperature and reducing the temperature at the ground level to guarantee a thermal
comfort d the inhabitants and of thedastrians

Solar irradiation valuesd solar access evaluationtained throughdynamicsimulationstools
(Autodesk Ecotect Analysis, RagsipivVA) constitutehe core part afhe method as well as the use of
generativanodeling toolsGrasshopper f or opti mi zing the building sh
sol ar radiation as p o sRhihnobei@aneliaginblkhd methodsadoptédddor e s p
the set of simdations consisted in modellingsing Auto@\D, AutodeskEcotectAnalysisand
Rhinocet@sasshopptre digital model of eabhilding or group of buildinge exporting thea to urban
performance analysis softwéRRadianceoftware packageatial distributions of solar iretihn oveall
building facades were calculated usingraajng simulation techniques to determineatimzial solar
radiation

The microclimate afysioon the lower part of the atmosphere is directly influenced by local exchange
processes. Especially in urban areasréta wgariety of different surfaces and sheltering obstacles
produces a pattern of distinct microclimate systems. To sirthdaiateractions between the
environment and the atmosphere on local, stateoscaléhreedimensional nehydrostatic model
ENVI -metvas used.

The results demonated the new design approach permits to optintiee building volumeo

capturesolar radiation maintaining the samemelandjuaranteeing the urban microclimate comfort.
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1. Introduction

Questions of the research

1. The surfaces of the roofs are sufficient for installing the solar panels in order to produce the
energy and reduce the rrenewable energy demand?
2. Why not using the most exposed surfaces: the facade?

v e

e T \xu_\r"

EL DS

- ssers. L.

y B .?

A

Figurel. Manhattan- New York (USA)

1.1.Topic of the research

Nowadays in urban areas are contained around
indicate that on the next fofttyree years its increment will be about to 70% as sholablil.
Furthermore, some 75% of global resource consumption takes place within urban settlements, which
cover only 2 W%face[l] Thetefere ieis impehatfive to think how to minimise resource
consumption in the urban environment. This is could be achieved on one hand with better energy
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conservation and on the other hand with the incrementefable energy use that will substitute the
fossil fuels widely used today.

Tablel. Urban and rural areas in 2007 apdrspective for 2025 and 2[Z0

Population in billion

2007 2025 2050

Country or area Urban Rural Urban Rural Urban Rural

World 3294 3377 4584 3426 6398 2793
(49%) (57%) (70%)

More developed regiens 0.910 0.313 0.995 0.264 1.071 0.174
Less developed region 2.384 3.064 3.590 3.162 5.327 2.619
Least developed countfies 0.25 0.580 0.452 0.734 0.967 0.775
Other less developed countties 2.159 2.485 3.137 2.428 4.360 1.844
Less developed regions, excluding China  1.815 2.297 2.758 2.538 4.290 2.238
SubSaharan Afriea 0.290 0.517 0.539 0.654 1.065 0.696

aMore developeckgions comprise Europe, Northern America, Australia/New Zealand and Japan

bLess developed regions comprise all regions of Africa, Asia (excluding Japan), Latin America and the Caribbean plus Melanesia
Micronesia and Polynesia

¢ The least developed couedrare 50 countries, 34 in Africa, 10 in Asia, 5 in Oceania plus one in Latin America and the
Caribbean

dQOther less developed countries comprise the less developed regions excluding the least developed countries
eSubSaharan Africa refers to all of édrexcept Northern Africa, with the Sudan included iSahgran Africa

In this scenario, the aiaf the research is to develop a new multidisciplinargndapproach for
optimizing abuilding volume in existing urban areas in order to harvest asatanctadiation as
possible tanaximize itsolar access and solar potential
Thestudywants to providarbandesign approadisoto guarantee the thermal comfort reducing the
global warming caused by the installation of solar systems on theRatheesore, the development
of this new sustainable design approach is conducted from the analyses using a dynamic tools enable to
calculate some of the most important urban aspects that influence the urban environment, as air
temperature, wind speed andusohdiationln this the consequent objective is to minimize the urban
energy consumption.

The final aim is to collect the data required to estimate the energy productions and energy saving by

di strictds model s anal yMilandltaly) and SurfdiseParad@dealdeCoastt udy o f
QueenslandAustralia).
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1.2.State of the art

Energy and regulations

Nowadays urban planning and architectural design are more and more complex due to the new
policies regulations which go towards the ndatioh of the use of the land and reduction of energy
consumptions and from a technical and concqpiirdlof view. Considering thdager aspect is easily
to notice that todayhe only possible development is towards a vertical direction. Thédialjsu
contribute to increase the urliBensity and technical questions to solve thus they are involved numerous
and different specialiststheurban and architectural procgsAll figures which today are involved in
urban and architectural process conscious that have as main goal to develop a sustainabite @aesign
compact city model.

Furthermore in the area where the climate changes, the cities representiom and not the
problem: in facin a cities charagized by individual housing and a long distance among the buildings,
covered with the use of cars are more polluting than concentrated cities goadhielblic service
transportatiod onnect thenergy efficient buildings withmbiration of housingnd activities.

In this scenario, the developmentrenewable energy sowderther motivated by the climate
change and the G@ mi s s i 0 n si$necessahAmorngiremawable energy sources, solar energy
represents the source that has the largesttial: it could cover 2850 times the annual global energy
need4] (Figure2).

Solar Energy
2850 times

Hydropower

1 times

Wave-Tidal Energy

2 times

ENERGY
RESOURCES
OF THEWORLD

Geothermal Energy

. 5 times
Potential of renewable energy sources
All renewable energy sources provide 3078 Biomass
times the current global energy needs 20 times

Source: WBGU 2008 (Greenpeace/EREC 2008)

Figure2. Theoretical Potential of Renewable energy sources compared to the globakesgigyurce: European Renewable
Energy Council, 2010)

11
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Therefore lte energy policies are going toward a reduction of energy consumptions and fix the limits
of primary energy demand for new buildingEuropethe European Directive on Enefgrformane
of Buildings (EPBD)lay down minimum requirements of the energy performance of buildings. While
considering the national and local energy regulffi@i®s 22 December 2008N° 8/8745 fix the
limits of thermal transmittance {aluesd W/m2K) of buildhg envelope (facades, roof and windows)
for every new construction or refurbishment in ordachdieve the energy standard consumption limits
in terms of primary energgnsumption of a buildif&P - KWh/ma2yr).
However the major part oits potential 8ll remains unutilized todaycadrding to the International
Energy Agencip], among others, some important causes are about that are:

— Economicfactors;

Lack of technical knowledge;

Reclutance to use Onew6O technologi es;

Architectural (aesthetic) factors.

While for the first factor, the cost of solar energy had a significant decrement, it is fundamental to give
attertion to the last three factors.

As just written before, not only the European Union Parliament with the EP&ddadished a goal
to achieve NeZero Energy building standam<019 but also the California Public Utilltgmmission
has set this requirement to apply to all new residential buildings by 2020 and all new commercial buildings
by 2030 (Zero Net EnergAction Plan: Commercial Building Sector,-2010).

In this legislation and initiatives scenarios, urban planners, architects and engineers have a relevant role
in the future, for contributing the success ockeat energy strategies as design aoétreuildings, or
as very low energy use and implementation of solar energy systems and technologies for new and existing
buildings.Their competence will become fundamental to achieve this goal especially during the early
design phase because:

1. Are talen important decisions of buildings projects, such as orientation, shape, size of the
openings which represent the first responsibility of the designers;

2. These decisions taken in this phase have the greatest impact on the durability and performance of
anyproject[6].

As many design approaches for a high efficient buildings design presented in the literature, underline
that the greatest advantages in terms of energy use depended upon decisions taken and verified in the first

12
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phase of desigf7]. In fact, the most important decisions are taken during the first few weeks of design,

and they hava dramatic impact on the energy consumption of the building and its lifecj&jle cost

Internationalization of the research

The research is framed in a wider international discussion on the topic of solar energy in urban areas.
In fact as a member did International Energy Agency Solar Heating anith@dtogramme (IEA
SHC) Tasll1, it had the possibility to develop the study starting from the suggestions and the topics
provided from the meetingsd dSolarEnesyand Architecdune, s ol a
gathered researchers and practicing architects from ides@Anstralia, Austria, Belgium, Canada,
Denmark, Germany, Italy, Norway, Portugal, Singapore, South Korea, Spain, Sweden and Bwitzerland)
the three year project whose aim was to identify the obstacles architects are facing when incorporating
solar ésign in their projects, to provide resources for overcoming these barriers and to help improving
architectsd communication with other stakehol der

In details the objectives of Task 41 were:

— To support the development bigh quality architecture for buildings integrating solar energy

systems and technologies;
— To improve the competence of the architertd the communication skills and interactions

between engineers, manufacturers, clients and architects.

The purpose i® increase the use of passive and active solar energy in buildings, in order to reduce
the norrenewable energy consumption and greenhouse gas emissions.

To reach these goals, the work plan of Task 41 was organized onto three main subtasks:

— Subtask A: ahitectural quality criteria; guidelines for architects and product developers by
technology and application for new product development.
— Subtask B: methods and tools for solar design, focusing on tools for early design phase and tools

for the evaluationféntegration quality of various solar technologies;

— Subtask C: Integration concepts and examples, and derived guidelines fof@}chitects

UrbanrScale energy models

Nowadays for refining the prediction of the energy paiteéatutilise solar radiation in the urban
context, good progress has been done. During these years were developed a computer method for

producing irradiation histograms to identify the proportion of the urban surface (building facades and

13
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roofs) for whichphotovoltaic solar systems may be vialde This approach was applied to calculate
both passive and active systems as well as daylighting technologies for specific urphi]|giifdoes
literature is possible to find some other examples that permit to calculate the solar irradiation using similar
technique§l3][14][15] (Figure3).

The wurban structures can have a signithd cant i
geometry of both the building and its urban context can inflirenegailability of passive solar gains
and thedaylightand furtlermorecan offseb u i | deimandssfdi heating and artifitgiting.

Figure3. An annual irradiation image for the Matth&us district in Basel, Switzerland.

As known the solar radiation, utilizing appropriate technologregrovide the hot water and
electricity, but the issue in urban planning is the placement of the solar energy conversionfechnology.
analysing these aspects in complex urban environments, the irradiation images have been created, using
the popuhr y tracing softwarf@adiandd6] Radiancs the wetknown raytracing program used to
predict as precisely as possible the irradiation on bullthigSet a scene of arbitrary geometric
compéxity, considering obstructions both to the sun and the sky due to the urban surrounding landscape,
as well as reflected energy from this landscapradiamdeackward ratracing tool can simulate radiant
energy exchangd®adiances based on a virlugeometric model, characterized with-gpidts and
normal vectors on each surface in which a program called rtrace can calculate the incident irradiance

14



Solar potential and microscale climate interactions in urban areas

(W/m2) given a sky radiance distribution and sun position and radi&edianapecific text fes[17]

format are contained the virtual geometrical model and materials of the surfaces of the elements in the
scene and one or more light sourtéas defined a cumulative $ky¢] in order to comute the

irradiation (Wh/rd). The sky is defined ty5 patcheg,regenza modekith corresponding cumulative

radiance (Wh-thsr?) in three channels (red, green and blue) for the corresponding shortwave part of the
electremagnetic spectim. Thus with @ingleRadian@mulation is possible to simulate the irradiation

during a chosen period for the analydiés TMethod to produce this irradiation (W#/rallows to

calculatehe total irradiatiorfwh) harvestetdy each grid points §n o f t h esurfcasi Thdi ng o s
procedure of irradiatFigpjwuedds cal cul ation is expl ai

annual irradiation li on n sampling
points, relating to a region of known

surface area Ai
4T
. +
cumulative sky owver a year RADIANCE +
{hemispherical view) -
-~ T - T
IS
NpoAn?
s t!’ A-10
S
+=
- o total annual irradiation on building

(GWh)
building surfaces decomposed into
sampling points with narmal vector

Figured. Principle of irradiation calculation uskagliance

The irradiation is supposed to be uniform in each megagpoint corresponds to a ssilrface. The
gidpoi ntsd® distribution on the building surfaces
irradiation with precisioltachp at ch ds ibsaramceintradi ance sensor: t
stbdivision in patches depends on the criteria of the subdifiisiorihe original surfabes sahda p e
from the grade of precision desirénl.the Chapter 2 is presented a sensitivity analysis to find a
compromise between accuracy and simulation comjimiing

The sets of simulations run in this dissertatiere conducted usirigaysimvalidateddynamic
daylighting analysis software that calculates the annual daylight availability inualdiiigs based on

the Radiandmckward raytracgr8] Daysinwill widely describe in the Chapter 2.
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Using this tool is possible ltecalize which are the most irradiative sesfavhere is better to install
the energy conversion systgfrld [19] as solar thermal collectors or photovoltaic panels, considering
also the overshadowing effect created from the surrounding.

Microscalencéite models

The forecasts of population growth and ongoing population movements inditzeuitvatnization
can only grow.

In this period characterized by global warming it is necessary to make attention on urban microclimate
environment ah on the thermal conditions outsiBarthermore the distribution of lande and land
cover characteristics influences closely the receipt and loss of radiation of urban surfaces.

In order to reduce the global warming effect it should be better toantbheepsesence of vegetation,
as trees, parks, green facades and roofs, in the urban environment. In fact their contribution allows to
decrease the air temperature with three specific effects: shade, evapotranspiration and the effect of natural
ventilation Therefore the green spaces permit to store the heating and to humidify the atmosphere
through evaporation: in this way i Suthermersinb|l e a
terms of protection from nuisance, the interests of vegetativariamus reducing air pollution and
improving air quality by attaching some dust, decrease the effect of runoff by intercepting rainfall,
protection against erosion due to wind and water.

The image and morphology of the neightmod andiown is signifiantly influenced by the urban
development projects and the microclimatic component can unite severasaatohstect, urban
planners, landscapes, political, developers, engineering firms in order to achieve the energy savings for
improving thermal coitibns of the urban spac@se presence of vegetation act as a porous barrier for
sun and wind and as a source of control the air temperature and the temperature aiggudands
[20] The benefits of green spaces dépmentheir desity, shape, size and position. Furthermore the
mitigation of air temperature in the presence of vegetation can be explained by the decrement of surface
temperature thamduces a lower air temperaf@H

All these climatic conditions have consequences on the behaviour of its inhabitantsmEne aficr
surface temperature dausedy the absence of evaporative cooling creatdte hyresence of paved
surface such as asphalt. Consequently the high temeeiatlurce high radiative exchanges wavelength
greater than in the case of surface plant.

Asphalt, concrete and granite, for these inert coatings nature, store heat during the day and return it
during the night. These dark materials contribute to indreasféett of urbaheat island. The presence
of a park is an excellent factor able to mitigate the urban heat island and refresh the air and the choice of
species is important because the quality of the shade of a tree depends on litsfdetrntieybliage of
a tree can filter from 60% to 90% of solar radiation and also reduce theiattar raflected by the
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ground. | t should be better integrated the vegetati
improve the immediate environmentadteconstriction. The two important effects of vegetation are the
shading effect of solar radiation and the maintenance of canopy temperatures betv86e@, 2816w

the temperatures of the surfaces of common urban matecialas asphalt, concretecks$, etc[22]

Furthermore the leatsin absorb 90% of UV.

To reduce the global warming of the air in an urban environment, the huge presence of green space
and trees must be a priority. The reduction of urban heat idteasédson the plans for green system,
creation of parks and squares.

For studying the real impact of vegetation on air temperature, surface temperature and mitigation of
urban heat island, microclimate simulations are necEssamyduct theskind of amlyses was chosen a
three dimensional numerical t&htVI -metof which there is a detailed description in Chapter 6.

Therefore inhie second part of the reseaach discussdtie thermal effestof urbarmgreen spaces
and the use ofegetation focovern g t h e b u pnl thk imitrgcéingate in dhe hust environment,

for various design scemariand urban canyon geometries.

1.3.0bjectives

After the overview of thenergy, the regulations and the urban models ayaildbie section are
presented thmainaims of the study.
The research is divided ot sectionsthe first section is focused on the solar potential in urban

areas, the second on urban microclimate analyses.

The aims of the first sectiare
— Maximize the solar access of a new buildiegisting urban areas minimizing the overshadowing
on the nearby buildings;

— Optimize the building volunte exploit the solar radiation for producing energy from the building

envelope;

— Develop a new approadbr urban planners, architects and engineers fconscious and
sustainable solar urban design utilizing the available modeling and solar simulations tools;

While the aims of the second section are:
— Calculatehe surface temperature of solar facades in various designsioemaiérs to estimate

the benefit of the green system in the urban environment;

— Calculate the average temperatfras analyzed district in various design scenarios;
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— Assesshe improvement®f microclimatic characteristics of cities in warm clicoagitiors by
introductionof vegetation;

— Estimate the impact of vegetationtle urbanenvironmentby using a numerical modeling
technique.
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SECTION 1
SOLAR POTENTIAL IN URBAN AREAS
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2. Overshadowing and Solar Access

Questions of the chapter

1. How is possible to reduttee overshadowing among the buildings?

2. How is possible to increase the solar access for a new building designed in the existing urban area?

3. Which are the effects of solar reflections coming from the surrounding, from existing buildings,
from ground reflaon and sky component, on a building? How can calculate their contributions?

Abstract

The new Energy Performance Building Directive (2010/31/EU) requires that new buildings comply
with the onearly zero ener gy 6very highrentay afficidmgy of2 0 2 0 :
fabric and services, and then the production of most of the remaining energy from renewable sources.

The sun is obviously the main renewable energy source for buildings, considering the large surfaces
these typically exposemards the sky; prototype buildings exist, generating all the energy they need
through photovoltaic or solar thermal panels. These examples are generally isolated buildings, but it
should not be underestimated that the European trend in urban polictesvgaissa reduction in the
use of new land and the redevelopment of areas through demolition and rebuilding.

In the first part of the chapter is investigated what sort of influence energy issues can have on the
design of new districts or buildings in orbeeas, where the overshadowing by existing constructions
can reduce the potential for solar energy production.

This is the beginning of a widerdst aiming to provide a new design apprimadhe assessment of
solar potential in urban areas: as astiegt, simple models were analysed in order to understand energy
needs versus potential energy production under different design conditions (height and size of buildings,
distance between blocks, cladding materials, etc.) and then a real case sasdgaias ass

In the second part of the chapter is presented a new solar design tool that can be used to optimize the
buil dingbés shape and solar access in existing ur
analysis a case study of the city dieuParadise in Queensland, where in the past the urban and
buildings development changed completely the morphology of the city. Since in the medium term the
Zero Energy building will be the standard for new constructions, urban development shotihe follow
Integrated Sustainable Design approach and the principles of solar design in order to exploit solar
radiation using PV modules and solar thermal collectors in the building envelopes. The toahis based o
Matlab algorithm and dradiandé@aysima dynaic daylightingsimulation tool.

The main aim of this chapter is thevelopment of a new design apprdachurban planners,
architects and engineers in order to maximize the solar access and minimize the overshadowing on a new
building in existing urbamea.
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2.1.Introduction

Our cities have been undergoing continuous transformation and adaptation processes to adapt to
demands from their inhabitants. Population growth on one side and environmental problems on the
other, have created new demands, to whictitthbas to answer. In addition, the economic crisis has
given another dimension to these complex problems. The built environment accounts for over 40% of
the worldds tot al pri mary ener gy23JuAscembiaatiah off o r 24
making buildings (new and refurbished) more eeffiggnt and using a larger fraction of renewable
energy is therefore a key issue to reduceenewable energy use and greenhouse gas emissions. At a
global scale, politicatatements and directives are already aiming towaresnergso buildings,
communities and whole cities. In Europe, the recast of the Directive on the energy performance of
buildings (2010/ 31/ EU) requires thatrgyéwsbaniddr
2020[23} this means first of all a very high energy efficiency of fabric and services, and then the
production of most of the remaining energy need from renewable $2dt¢25] Although the
standard definition of a nearly zero energy building is still under discussion, it is clear that the aim of the
Directive is about reconciling the energy need of the building with the amount of energypé¢hat can
sourced on (or near) the site. Some existing buildings prove the feasibility of scenarios where the energy
used for heating and cooling is offset by the yearly production of renewable sold2@Gnergy
Nonetheless, thesailings are generally isolated prototypes, andstwuildings with optimal solar
exposur e. On the other hand, most of [27]Jhwkerewor | d &
the orientation, availability of seda exposed to the sun and the overshadowing conditions can be far
from optimal. The question of a correct urban design, that takes into account the growing problem of
energy seufficiency of buildings, then arises.

Nowadays more than thiirths of he world's population lives and works within cities, where up
to 80% of all available energy is consumed and over half of greenhouse gas emissions §28]Jproduced
so the improvement of the energy efficiency of cities isldenthe dearbonisation of economy. A
new approach is then required to design new buildings with particular attention to volume, shape,
orientation and with larger use of the renewable sources integrated in the envelope, paying attention to
the relatioship between the building and its urban context.

Of course, cities are complex organisms, whose growth and regeneration depend on a large humber of
factors: the places we know today derive from a continuous transformation process since their
foundation. Thir survival relies upon continuous adaptation and transformation to fulfil the demands of
their citizens. Urban design and strategic choices about the regeneration of cities and districts require
subtle approaches, taking into account multiple, indepéaaters that can hardly be simplified.

Nonetheless, the problems of energy efficiency cannot be underestimated: on the one hand, to
maximise the solar potential of buildings or whole districts in view of 2020 requirements; on the other, to
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consider thefeect that new constructions or changes to the existing urban fabric can have on the energy
performance of existing buildings. Tall buildings, or the modification of building masses, can lead to
overshadowing and thus to a reduction of potential enedyctioa or a worse energy rating if the
buildings rely largely upon passive solar gains.

This chapter investigates some basic aspects of the relationship between urban design and solar
potential of buildings. The analyses of simple models allow theremermyyl s 8 assessment
calculation of potential energy production under different design conditions (height and size of buildings,
distance between blocks, cladding materials, etc.).

Some studies have already been developed about the influencesdelsighan the availability of
renewable energy. Most of the available examples analyse the solar potential of current situations
performing energy calculations of buildings with solar thermal collectors and/or photovoltaic panels
installed on the roof dhe building$29][30] A few studies use simulation software to optimize building
designs in terms of cd8tl] Some examples, IEKBIVI -metsimulate the surfapént-air interactions in
urban environment; others analyse the energy efficiency of solar roofs or solar facades with software like
Trnsy$32] and Energypli®3} others map the solar potential abfsowith GIS tools [34] No studies
appear to be available about solar optimized design balancing the energy demand of -gityew inner
district and its effects on the nearby existing buildings. Moreover it is not eastudiésdbout the
optimization of energy request and energy production in existing districts and related new developments,
evaluating also the effects inside and outside the area. However there are a few studies about urban form,
density and use of solaeegy[35]

Different research¢36][37]demonstrate that the zero energy annual balance can be reached, with a
combination of a conscious design strategy,pgytmmance of the building envelope, and exploitation
of energy from renewable sources, such as photovoltaic systems, to reduce the environmental impact and
secure future supply of enel@fy][24]

However, if the feasibility of energy autonomy and optimized use of renewable sources has already
been demonstrated for isolated buildings, the implications of energy efficiency and of mutual
relationships among buildings in neighbourhoods are lstilfutly understood.

This research work investigates the relationship between urban morphology and energy consumption,
knowing that the energy efficiency of cluster of buildings is completely different than the performances of
isolated ones.

This chapterketches out some new basic design principles suggesting the use of a tool to support the

use of solar energy as one of the measures that can improve the energy efficiency of districts.
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2.2.Material and method

As was said at the beginning, this chapteidedlignto two parts.

The first part treats the analysis on simple models conductéliwidleskEcotednalysi§38]in
order to study an analytic relationship between the solar radiation and heights or distance among the
buildings. At the end of the first part is presented a case study of the city of Milan (Italy) where was
applied the regulations studied in the simple models in order to improve the solar radiation on the new
building designed guaranteeing the solar actkssefghbourhood buildings.

In the second part of the chapter is presented a new solar design tool development @] Matlab
order tooptimize the exposure of two isolated buildings to harvest as much solar radiation as
possible from the building facadesl to study théenfluence of overshadowing created by one
building on the opposite facade of the other. This tool was used to optimize the new volumes of
the buildings of Surfers Paa) bbdmasnezingtheddoeastn t o wn
solar radiation on the fagades.

2.2.1 First part: simple models analysis and case study of Milan

Regarding the first part of the study presented in this cthepseecific objectives are:

1. Optimization of the shape of the buildinigh respect to solar access and the existing urban
context;
Organization of the building volume to maximise solar exposure and minimize thermal losses;

3. Evaluation of the solar potential of the building, applying the concept to a case study: comparison

of current situation, actual design situation and solar optimized design situation.

The analysis focuses on the availability of solar radiation on the building facades, while the roof is
considered separately. The reasons for this choice are manifaitialiistrelatively tall buildings, the
amount of roof space per apartment floor area is relatively limited and can then produce just a limited
portion of the energy need of the building. Second, the roof surface has often to be shared among
different cacurrent functions (services, shafts, terraces, etc.) thus limiting the potential for the
installation of solar panels. In dense urban conditions, then, it may be sensible to explore the potential of
other exposed surfaces, such as fagades, althoughehttion and tilt are not optimal for solar energy
production over the year.

As a first step, the study will show that through analyses related to different technical aspects it is
possible to maximise solar access, solar exposure and energy pusiugtibe building envelope.
These analyses are carried out on simple models with the aim of finding analytic relationships among the
design inputs. The analysis criteria are:
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a) Solar radiation: analysis of solar radiation and shadows on the buildipg éaxatpthe year;

b) Building orientation: analysis of solar exposure and adequate distance between buildings and

streets;

c) Envelope exposure: study of the adequate facade orientation to maximise solar gains and energy

production;

d) Shadows: analysis of mr&adowing of the neighbouring buildings due to new constructions;

e) Urban density: analysis in different existing situétlons medium and high density.

The analysis parameters are presented in the figures below.

L]

L]

| e e f Do

Building height Surface refleatae

District orientation Envelope exposure

All analyses were conducted using cumulative insolation in the solar access analysis: were always done
annual simulations order to calculate the solar direct radiation on the building envelope. | fact is
possible to display the distribution and availability of solar radiation over an entire building or even a city

blocks. This can be particularly useful when consideaiiggshequirements or assessing the best areas

Plot ratio/Buildability indexRoad width

-
o:

n*

Y

Depth of the floor% glazed surfaces

to install photovoltaic panels in order to maximize the solar radiation.

The analysis calculates the variation of incident solar radiation on a surface divided into smaller

subdivision, choosing the size ang z of the cells and defining the time of simul&itodeskcotect

Analysisalculates the incident solar radiation using the settings specified.

The analysis on the case study was conducted in the same way regarding the calculation of incident
sola radiation, but the optimization of the designed building was done with the shading design tool using
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the solaprofiling to generate the maximum solar envelope for designed building. Once upon a time that
was chosen the heights of the nearby buildinggwh dondét want to overshadow
cutdés projection in the volume of designed buil
access of the buildings ehthe designed one as showRigureb.

Figure5. Process of shading solar on designed building using the solar profiling and solar angle.

After this operation the volume of designed building was organized in a different heyathadlt
design situation. Thégure6 shows the comparison among, current scenario, the actual design scenario

and the solar optimized one.

Figure6. Actual desigscenario (on the lefthé Solar optimized design (on the right) with designed building in orange

2.2.2.Second part: SolarPW tool and case of Surfers Paradise

Starting from the world scenario described previously, the study in the second part of the chapter
gives indications abotietinfluence by building and fagade on the total amount of solar radiation (direct,
diffuse, reflected) incident on the external building envelope.

Optimizing the shape of buildings in the district morphology may in fact lead to increased energy
production from integrated solar systems. The influence of the distribution of volumes on the
overshadowing among buildings and on solar access has been assessed and validated through different
tools. In the preliminary analy#sitodeskEcotedhnalysi$38] was used to study the overshadowing

25



Solar potential and microscale climate interactions in urban areas

effect. In the second part of the studgysinid0] a dynamic daylighting simulation tool, was used to
evaluate global solar radiation incident on the building enaatbjis increment or decrement with

respect to the optimized shadowing conditions.

The process of optimization is the result of the use of new solar design tool, The Solar Potential
poWer tool, called Solar PW.

The tool is a Matlab algorithm developedyrder to evaluate the distribution of shadows on the
facades of the building and the organization of the building volumes for maximizing the direct solar
radiation.

The program uses an existing sun position algorithm available in the Idthtinesed on
numerical approximations of the exact equations for sun position. The input entries were represented by
the location data (latitude, longitude, altitude, year, UTC time) and the geometrical characteristic of the
referene buildings (width, height of buildings, distance between buildings). The program outputs are the

shadowsd graph on the fa-ade of the analysed bui

These analyses, done with Solar PW, were performed on an area of the coastal city of Gold Coast,
Surkrs Paradise, located in the South East of the Queensland state, Australia. Surfers Paradise is the
second most populated city of the sfdf with a growing amount of population. The conspicuous
morphological feature of Goltbast, as well as other cities in South Eastern Queensland, is a dispersed
and diffused pattern, with highke buildings in the strip close to the sea.

2.3.Theory and calculation

In this section are described tbels used for the solar radiation analykeg, limits and the
comparison between them in order to justify the use of the software used and give an overview about
their characteristics.

2.3.1.Description of the solar analysis tool: Ecotect

All analyses of the first part of the chapter were doneAudindeskikcoteétnalysis

In the Subtask B of the IEA Task 41 was done a state of art of the existing solar tools available and
used by architect, urban planners and engineers. The description reported below summarized the
characteristics &utodeskctect Analyseported in the deliverable of the Subtagli3B
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AutodesEcote&nalysisvas developed by Dr. Andrew Marsh and Square One Research Limited. In
June 2008, the rights of the program were acquired by Autodesk.

Functions

AutodesEcote&nalysiss a graphical building and environmental analysis tool. The program utilizes
3D models imported from CAABIM predecessor software, but also allows for the direct creation of
models withAutodeskcoted&nalysts s giatadt deafting toolswutodeskcotednalsysisan perform a
large number of different analyses within a 3D model, including shadows and reflection analysis, shading

design, solar analysis, lighting design, analysis of views and light and more others.

3dModeling
AutodesEcotedhnalsysisan perform analyses of varying complexity based on simple or detailed
CAAD-BIM models, and is therefore suitable for most design stages. The tool particularly focuses on

supporting decision making in early desigsepha

Import/export
Export is supported tRadian¢eaytraced rendering), PGRay and .wrl, .dxf (compatible with most

CAAD software), EnergyPlus, DE#eQUEST and SBEM for detailed energy simulations as well as
AIOLOS and HTB2.

AutodesEcotednalysiglso supports the export and import of data to several computational fluid
dynamics (CFD) tools such as NFOJS, Fluent and WinAir4. Coupled with climate data files
containing average wind data, this allows the program to analyse airflow both thrangimdnd
buildings or complex urban environments.

Autodeskcote&nalysiss intended as a conceptual design tool. The program therefore only requires a
minimum of input data in order to perform initial sun shading studies and preliminary assessments. As
the design process continues, the amount of data input into the model can be increased, allowing acoustic

and thermal simulations and resoarodeling

Actual solar calculation

AutodesEcoteétnalsysissegheintegrated climate data files to correctlgulate solar positions and
incident radiation.

The program uses this data to generate daily and yearly sun path diagrams and shading tables, shadows
and shadow range diagrams for indoor and outdoor locations, reflection analysis and interactive
visualzation/shadow generation. Shading design tools can generate the exact shading shape to perfectly

shade a window for any specified period as welbdsalinglight redirection systems. Solar analysis
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diagrams can be generated to visualize incident sialéorrash all surfaces of the model, assisting in
identifying optimum positions for solar collectors and other solar energy components. Solar availability

can also be calculated at an urban level.

Using solar access analysis, the amount of solar rdd@tent on any object can be calculated.
Combined with total annual radiation, this can assist in determining the best position and orientation for
active solar components. The tools also allow the calculation of the solar radiation incident on any solar
collector, making it possible to estimate likely energy production through the year.

2.3.2.Description of the solar analysis tool: Daysim

From the same deliverable presented gd8yeavritten in the Subtask B of the IEA Taskatut
the state of art of the existing solar tools available and used by architect, below is reported an overview of
Daysimdvanced daylighting simulatian software

Daysinis aRadiandmsed backward raytracer daylighting analysis tool that has depediat the
National Research Council of Canada in collaboration with the Fraunhofer Institolar fan&gy

Systems in Germarfhe actual version Bfaysins called version number 3.1 b.

Functions

WhileRadiant®s been initially developed toutate luminances and illuminances under selected sky
conditions or under d&itial lighting systemBaysimuses theRadiancgmulation algorithms and the
daylight coefficient method to efficiently calculate illuminance distributions under all agearing
conditions in a year (dynamic simulafib)

The task of a daylight simulation algorithm is to predict indoor illuminances and luminances at a
particular point (or at a particular sensor) in time step, based on ddBig bubdel and the sky
condition at this point in time.

Design

Daysins available software for architects, engineers and researchers that permits to assess the daylight
contribution in a building during the design phase. The combination of fledimlitp (heRadiance
engine) and accuracy makes it a good tool for assessing the daylight autonomy, daylight level or annual
irradiation on a definesknsor. For this reasdbaysincan also be used to predict the emidadiation
on a photovoltaipanelor a thermal collector but the program is not suited for sizing these components

taking into account the mechanical or electrical systems.
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3D modeling
The input required for a simulationCiaysinis a description of the 3D surface geometry, materials
(optical properties), and light sources in a scene. For carrying otdeaiissimulation withibaysim

additional specifications for the sensors grid (x,y,z coordinates and x,y,z directions) are required.

Coordinates
Daysin3D model, as iRadiancisperformed according to X, y and z axes. The right hand system of
coordinates is used for the surface orientation. The coordinates can be given in any unit of length.

Import/export
To perform a simulation witbaysinRadianceévo input files are requirethe building geometrical

model and the weather data file. The description of a building for a daylight simulation requires a 3D
model of the building which contains information on the geometry of the building and its surroundings as
well as optical propgees of all material surfaces (e.g. RGB, red green blue, reflectance, specular
reflectance, roughness, etc.). CAD modelers are used to create two or three dimensional virtual models of
a building. Several tools exist to convert .dxf or .dwg files togethe3ds files into .rad description

files [www.schorsch.com/download/radiance.html]. It is also possible to easilRa&tjaote Daysim

files usincAutodesEcoteéinalysis

Actual solar calculation

As mentioned abovBaysinis based on thRadincengineDaysimesults tend to be very similar to
Radianatassic results especially under overcast sky conDidigsias a program specifically dedicated
to daylight utilization studies i.e. estimate daylight autonomy and replacement fpelecttial layhting
by daylighting. It does not specifically calculate solar gairgghtivindows or allow sizing photovoltaic
and thermal installations although part of the results might be used with some creativity in ttie process o

planning other solasspects.

Radiance simulation parameters

Radiandes a backward raytracer, i . e. ' i ght pat hs
light sources. In principle, forward raytracing could be employed just the same, but for a great number of
scems the former approach is more economical considering the required calculation fRad@antee
simulation parameters are a set of parameters that can be individually set for each simulation. The
parameters guidgadiandew to carry out a simulatiofhe most intuitive parameter is the number of
Oambi ent bounced ( abRadiand®ow enany surfagesha rag can bhounsetof arc t s
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transmit through before it is discardedRbgiancA detailed description of all simulation parameters for
theRadianggogm m O r dre dascribaiinder[45]

— Ambient bounce&@b: This parameter describes the number of diffuseéfiiections which will

be calculated before a ray path is discarded.-vaiugbof 5 is alreadyffstient for a standard
room without any complicated facade elements.

— Ambient division (gdandambient sampling jaghe adparameter determines the number of

sample rays that are sent out from a surface point during an ambient calculation. This paramete
needs to be high if the luminance distribution in a scene with a high brightness variation. An
ambient sampling parameter greater than zero determines the number of extra rays, that are sent in
sample areas with a high brightness gradient.

— Ambient accurey (aa) and ambient resolution: (Bhe combination of these two parameters

with the maximum scene dimension provides a measure of how fine the luminance distribution in
a scene is calculated. According to page 385 in RenderiRadigitithe combingon of aa=0.1,

ar=300 and a maximum scene dimension of 100m yields a minimum spatial resolution for cached
irradiances of:

ambient resolution= maximum scene dimension x ambient accuracy

— Direct threshold (dt)This option switches off the selectiverseuesting, i.e. each light source is

equally considered during each shadow testing. This option is automatically set to zero when direct

daylight coeffieints are calculated usibaysim

— Direct sub sampling (d3his option switches off the direct fa#tmpling threshold, i.e. only one

ray is always send into the centre of each light source. As during the calculation of the direct
daylight coefficients only solar discs with an angular size of 0.5 are present, disabling direct sub
sampling speeds up ttedculatio without impeding its accuracy.

Weather data sources

To describe the annual amount of daylight available inside a huiklingpjallyneed to know the
amount of solar radiation at the building site over the course of the year. Thisnkanthation is
usually provided in the form of test reference years (TRY). TRYs provide typical annual profiles of
exterior climate data such as ambient temperature, wind direction and velocity, precipitation and direct
and diffuse irradiances. The timepds usually one hour. An excellent free source of TR¥sUSth

Depart ment of [46]nTde gty @ravidesy eobrly iclimate data for over 660 locations

30



Solar potential and microscale climate interactions in urban areas

worldwide(.epwformaj. Daysindirectly imports .epWwes andextracts the information required for an
annual daylight simulation (global horizontal radiation and diffuse radiativacorand diffuse
radiation).The other informationin the header filthat areautomatically extracted Byaysinfor an
annual daight simulatiorare thename of site, time and date, latitude, lagitaltitude, time zone,
directand diffuse irradiancgtb]

Using the Perez sky model these irradiances are first converted into illuminances aral sbarsnt
of sky luminous distributions of the celestial hemisphere for all sky conditions of the year. All of these
calculations are carried out in the background witloputing any further user input.

The climate data files used for the simulatmmducted witiDaysinare:

- Brisbaneds weat her dat a for Surfers

(AUS_QLD.Brisbane.945780_IWEC.epw);

- Mil an Mal pensafds weat WA MiladoMalgensh. 160660MGDEW).0 s Cc a s

T h e Au sweatltel data soudrces BMY Australia Representative Meteorological Year Climate
Files They are developed for the Australia Greenhouse Office for use in complyBugdirihh Code
of Australa These data are licensed through ACADS BSG Ltd for use by EnergyPiSlusers

The Italiands weather data sources are the It
(IGDG). They are elveloped for use in simulgtirenewable energy technologies, this set of 66 weather
files is based on a 198370 period of record. The data were created by Professor Livio Mazzarella,
Politecnico di Milano, and is named in honor of Gianni de Gfié6jio

Sky models
As written befordaysinis a dynamic daylighting simulation: dynamic in this context means that is

variable with the time due to changing sky conditions and shading device settings, in contrast to static
modeling47).

Dynamic daylighgimulations yield annual time series of illuminances under changing sky conditions.
Suchannual illuminance profiles can be used to calculate daylight performance Bwtibat@rghe
energy saving potential of different lightirysradingontrol strategies, annual light exposure, and the
daylight autonomybaysims asimulation tool that efficiently calculates annual illuminance/luminance
profiles[45]

The choice of the sky model is usually done@mdned ® oCl E overcador and <c
daylight factor calculatigrise CIE ovetast sky is particularly us€dis CIE overcassky modehas a
limitationthat its input is limited to a single scaling factor ored €isstribution. This limhiasbeen
analysedn a study conducted befof#8] that compareslifferent dynamidRadiandmsed daylight
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simulation methods, the ones based on the CIE sky model performed consistently worse than methods
based on the all weatlvenditions Perez sky mo¢ié9]

In Perezskymodel all inputs including hourly time series of direct and diffuse irraftinatesky
conditions. This latter aspect is important for conducting an annual analysis iog adxfdonance.

The Perez all weather sky luminance model has been developed in the early Rioktist Pgrez
et al. and requires date, time, site and direct and diffuse irradiante valoekte the sky luminous
distribution for a given skyratition. The model consiststafo independent modd#s]

— - The Perez luminous efficacy model calculates the mean luminous efficatijffudetand the
direct sunlight for a considered skwpdition. Input parameters dhe solar zenith angle, solar
altitude, direct and diffe illuminances as well asatingospheric precipitable water content.

— The Perez sky luminous distribution model yields the sky luminous distributicon bdested
time, direct and diffuse illuminasc Themodel comprises five parametgtsch influence the
darkening or brightening of therizon, the luminance gradiewar the horizon, the relative
intensity of the cirensolar region, the width of tbhiecumsolar region and the relative intensity o
lightbacks c att er ed f®ufacen t he eart hods

Figure?. Bright overcast sky wrditioned for Freiburg, Germaop January 1st a:00 am simulategith PereZon the left)
and CIE overcagon the right)

The comparisonof two sky model reveals the superiority of the Perez sky model compared to the CIE
model.Figure? in fact shows that while in the Perez sky model are well distinguished the dark and bright
overcast part of the sky and provideme details in the sky luminous distribution, instead the CIE
overcast sky is rotationally invariant.

The correcimodelingof overcast skies is a fundamental quality aspect of a sky model, as in many
densely populated areas worldwide more than halbppa#ring sky conditions are overcast. For very

dark or bright sky conditions the Perez sky model reduces to the CIE overcast or clear sky.

Definition of sky and solar division scheme
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The sky and solar division scheme for a dynamic daylight simutdgiarettistinguished between

contributions from various luminous sources, as fdlaivs

145 diffuse sky segments

— 1 diffuse ground segment

145 indirect solar positions

— 2305 direct solar positions

Daylight coefficients cormanding to each segment or position cacobeled with a sky model, e.g.
the All Weather Perez model (1993)easribed ieq.1:

145 145 2305
E= DC;ky szkyS;ky + DC&QTL‘J;T”Sgr + Wé’[sun DcésunLgunSésun + WgsunDCgsunLtésunSgsun eql

a=1 a a=1

Diffuse sky contributions

The first part ofeq. 1 represents the diffuse contribution from $kg, necessitating a dneone
mapping of 145 diffuse sky daylighefficients to 145 diffuskyssegments. While the origidiaision
schemd50]divided the hemispheresartircular skgegments with a cone opening angdf5°, as
shown inFigure8 (on the left)the Daysinappioach, illustrated iRigure8 (on the right)of rectangular

sky segments that completalyer the celestial hemisphetthout any overlap, i.e. no rays hitting the

hemisphere are ever discaroledouble counted. The centres of the rectangular segments correspond to

the centres of the original Tregenza circular segdignts

Figure8. Sky division schemes: (on the left) according to Tregenza: d&@nsiyts with a cone opening angle of 10.15°

68% of the cegtialhemismere covered by sky segments; (on thé ciyhtinuoudlivision, as used Baysim

Diffuse ground contributions
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The second gdight coefficient ireq. 1 represents the total diffusentribution from the ground,
simulatedas a single daylight coefficieratching te entire ground hemisphere surrounding a building
scene. If neurrounding landscape is simulatieel actual diffuse ground contributiecalculated as a
function of average ground albedo. While it is highly recommended to explicitly model thengurroundi
landscape as part of theilding scem[51][52] theground daylight coefficient has been added to avoid
bookkeeping errors caused by downward rays that may reissithedyround plane, nably near the
horizon. Such rays can lead to substantial simulation errors especially for ceilingoihodooddd
controls[48]

Solar contribution

In the past, daylight coefficient methods mostly differed in how they ¢@#tédutions from direct
sunlight.Daysindlefines a set of around 65 representative, ladiépgmdent solar positions that form a
grid amongst all possible solar positions throughout the year. The positions nearest to the horizon are set
by default ah minimum altitude of 2°; below which sky conditions cannot be adequately [&gjtured
given the significance of local effects of the atmosphere and surrounding landscape.

Indirect solar contributions

Similarly to dayligltoefficient methodf4][55] dynamic daylighting simulation considers indirect
and direct solar contributions separately, as presestged.ifhe indiect contribution comprises only
solarrays that are reflected off surfaces, while the direct contribution cogisfshe direct beam of
sunlight that hits a sensor, excludingefliibcted ontributions.Daysindistributes 145 indirect solar
positins acrosthe hemisphere; more precisely at the centre of each of the 14Skjiffeggnents.

Direct solar contributions

For direct solar contributions, i.e. excluding all reflected rays, set solar positions are also evenly
distributed across the hepfisre, yet with greater spatial resolution than for indirect contributions. This
higherresolution stems from a desire to increase the accuracy of dirdalBglarcoefficient methods,
notably for sensors often subjectedudden changes in solaraepe, e.g. in an urban canyon or if
locatedar from a window, as a result of the ehanging shadow patterns ¢ash the sun.

As with indirect contributions, the resulting direct solar daylight coefficients are latitude and
orientation independent.h@& 2305 positions are obtained by quadrupling the original number of
Tregenza horizontal rows of sky segments, then quadrupling the original number of Tregenza segments
per row, while keeping a single zenith position4. Altogether, the proposed stanea2b@6f daylight
coefficients per sensor for a given setting, 89% of which describe direct solar contributions. Details on
the distribution and on how to increase the default resolution are provided in Appendix A.

34



Solar potential and microscale climate interactions in urban areas

2.3.3.Comparison of solar irradiation tools

In literature is possible to find several approaches that have been developed to date to model monthly
or annual solar irradiances with different results in terms of time cost and numeri@aaddhechave
been compared each otHarparticular thestudy conducted by Diego Ibarra and Christoph F. Reinhart
[56] compares six solar distribution calculation metfigaigsinDaylighting Simulation and Dynamic
Daylighting Simulation, GenCumulative3gotecPoints and TilgsMarual Method in Excel)
increasingomplexity in two comparison cases: unobstructed and obstructed. Furthermore in the study
are compared the different calculation approaches accounting for solar angles, time seriegrahd sensor
orientations.

Methods areanalysed in terms of their numeric accuracy, reliability and appropriateness for
application in architectural practithe simulation have been done on $&bof simulations on The
Bank of America Tower in New York City (One Bryant Park, New Yorkth¢Yfirst cosidering
unobstructed building atite second on a complex urban environment with famitly sensors.

Considering the unobstructed caseTihligle2 shows acomparison of total annual irradiances by
sensor oridation for all sixmethods studied in coagt with measured daiable3 showsthe Mean
Bias ErrordMBE) andRoot Mean Square ErroRNISB for all monthlyirradiancesTable4 describes
passivdneating seasonal performance.

In general terms the comparison shows reasonable correlations between the measured data and all the
methods testkefor all orientationdHowever,Ecoted®oints also reported a strong error on the South
orientationDaysinDS method reports the lowest absolute error.

DaysimDS method reports the lowest absolute error, MBE and RMSE for South and West
orientations

Error values are somewhat higher on the North orientation as a result of a srestiomatsT on
low-rising direct beam contributions during early morning for the summer months. Ttéfisaltes
of accurately accounting for very low alitudes explains most of the discrepancies fduridg
summer months okast and West. This cha atributed to limitations of the Perez-Alkathersky
model used by DS and DBESto accurately simulate sky conditions at solar altitudes bellow 2°.

For total annual irradiances on the South fdgag&nmethods are most accurate, reporting a 0.2%
and a0.7% MBE, and a 21% and 28% RMSE for DS and-BBs3pectively. In contragtote€toints
results in an important 8.5% opeediction andEcotedtiles in a10.4% undeprediction.
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However, what is most relevant is the low MBE 0.8% but extremeRMfh518%Ecote&oints
completely missed the monthly irradiance profiles, repofiidh@ undeprediction in January and an
85.9% ovepredictio in July{56]

Table2. Relative error for annuakdiation for all simulation methods by orientation.

North East South West Horizontal
S Absolute Relative Absolute Relative Absolute Relative Absolute Relative Absolute Relative
Distribution
Method Error Error Error Error Error Error Error Error Error Error
[kWh/m 2] [%] [KWh/m 2] [%] [kWh/m 2] [%0] [kWh/m 2] [%0] [kWh/m 2] [%]

Measured Data 234 reference 584 reference 798 reference 562 reference 1162 reference
Excel 98 41.9 -76 -13.1 -37 -4.6 107 19.0 -144 -12.4
Ecotect Points 112 47.7 42 7.2 68 8.5 23 4.2 -52 -4.5
Ecotect Tiles 44 18.9 6 1.0 -83 -10.4 -70 -12.4 -62 -5.3
GenCumulativeSk -2 -0.8 10 1.8 30 3.7 34 6.1 -9 -0.8
DaysimDS -12 -5.0 -22 -3.8 -6 -0.8 -11 -1.9 -61 -5.3
DaysimDDS &s -18 -7.8 -31 5.4 -12 -1.6 -11 -1.9 -58 -5.0

Table3. MBE and Relative RMSE for monthly irradiations for all simulation methods by orientation

North East South West Horizontal
Distribution RMSE MBE RMSE MBE RMSE MBE RMSE MBE RMSE MBE
Method [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
Measured Data reference reference reference reference reference reference reference reference Reference reference
Excel 564 47.0 169 -141 82 -5.3 297 24.7 6 -0.5
Ecotect Points 589 49.1 111 6.9 518 0.8 a7 33 48 -4.0
Ecotect Tiles 258 215 196 -16.3 130 -10.8 112 8.0 49 4.1
GenCumulativeSk 24 -0.5 32 1.2 73 4.0 101 8.4 16 -0.9
DaysimDS 45 -3.4 57 -3.9 21 -0.7 47 0.2 59 -4.9
Daysim DDS3s 73 -6.0 70 -5.8 28 -1.3 50 0.7 54 -4.5

Table4. Relative error for passive heatingesearadiation for all simulation methods by orientation

North East South West Horizontal
Distribution Absolute Relative Absolute Relative Absolute Relative Absolute Relative Absolute Relative
Method Error Error Error Error Error Error Error Error Error Error

kWh/m? [%] [kWh/m?2 [%] [kWh/m?2 [%] [KWh/m?7 [%] [kWh/m?7  [%]

Measured Data reference reference reference reference reference reference reference reference reference reference

Excel 56 46.9 -36 -12.3 -26 -5.5 63 23.6 -2 -0.4
Ecotect Poirg 57 48.0 16 5.4 -68 -14.4 10 3.6 32 -5.7
Ecotect Tiles 26 21.8 -52 -17.9 -52 -11.0 29 10.9 -25 -4.5
GenCumulativeSk -2 -1.7 3 1.2 32 -6.9 22 8.3 -6 -1.2
DaysimDS -5 -4.6 -10 -3.6 2 -0.4 22 8.3 -27 -4.9
Daysim DDS3s -9 -7.3 -16 -5.7 1 0.2 0 0.0 -26 -4.7
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Regarding the simulation on a&omplex urban envinment Table5 shows the absolute error
(kwh/m2) and relative errors (%) for annual irradiations for South facing sensors located on the
building's facade at heights ofrf.200m and 220m from the ground plane.

Table6 shows MBE iad RMSE for all methods amdble3 andTable7 show errors for cooling and
heating season respeciivel

All methods, except fécotedtiles, result in reasonable predictions for the "unobstructed” sensor at
220m high (relative errer6% and MBE< 6%).Ecote®oints somewhat underpredicts irradiations for
the 2.0m and 100m sensor, but still remailewb&l10% MBE. ARadian@@sed methods maintain the
accuracy even at the lower sensor points (M8%)<However at 2.0m the RMSE for all methods rises
above 100%. This can be somewhat expected in such a complex scene. At such a low elevation and with
tall surrounding buildings small discrepancies in direct beam and diffuse contributions due to specific

solar positions make an important difference.

Graphl. Comparison of monthly vertical irradiations at 200nthe leftiat 100m(on the rightand at 220m (on the bottoof)
elevation (kWh/rflannum).
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The 100m elevation is the one most affected by surrounding buildings with a high variability of direct
beam and shaded areas. As a result the different approachescasemhttéoa direct beam within the
Radiandmsed methods produce different irradiation predictions. The cumulative sky patch approach of
GenCumulativeSky reports a 3% MBE and 93% RMSE in contrast with the more accusatehizhS
reports a 1% MBE and @% RMSE.

Ecotedtiles consistently underedicts irradiations for all elevations with MBEB ¥ (2.0m)%25%

(100m) and8% (220m). Most importantly, it strongly umtedicts cooling season solar radiation-(May
August in NYC), reflected by RMSE'806% (2.0m), 336% (100m) and 269% (220m).

Tableb. Relative error fdBouth annualirradiation for all simulation methods by elevation

2.0m 100m 220m

Absolute Absolute Absolute Relative
Distribution m ethod Error Relative Error Error RelativeError Error Error

[kWh/m 2] [%0] [kWh/m 2] [%6] [kWh/m 2] [%]
DaysimDS 489 reference 727 reference 1086 reference
Ecotect Points full res -23 -4.7 -68 -9.3 -59 -5.5
Ecotect Tiles full res -169 -34.5 -249 -34.3 -176 -16.2
GenCumulativeSky 17 34 -35 -4.8 -41 -3.8
Daysim DDS3s -3 -0.5 -10 -1.4 -7 -0.7

Table6. MBE andRMSEfor South monthly irraation calculation by elevation.

2.0m 100m 220m
Distribution Method RMSE [%] MBE [%] RMSE [%] MBE [%] RMSE [%] MBE [%)]
DaysimDS reference reference referece reference reference reference
Ecotect Points full res 144 -8 116 -10 75 -6
Ecotect Tiles full res 376 -31 336 -25 269 -8
GenCumulativeSky 112 1 93 -3 42 -4
Daysim DDS3s 127 -4 37 -1 17 0

Table7. Relative error for totaboling seasonirradiation by elevation

2.0m 100m 220m

Absolute Absolute Absolute Relative
Distribution method Error Relative Error Error RelativeError Error Error

[kWh/m 2] [%6] [kWh/m 2] [%0] [kWh/m 2 [%0]
DaysimDS 317 reference 512 reference 697 reference
Ecotect Points full res 6 1.9 50 -9.7 32 4.6
Ecotect Tiles full res 117 37 209 -40.8 181 26.0
GenCumulativeSky -21 -6.5 38 -7.4 26 3.7
Daysim DDS3s -6 -2.0 11 -2.1 6 0.9
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Six solar radiation distribution hmds were compared in two simulations cases (six in an
unobstructed case and five in a complex ). On the first unobstructed Rad@amdimsed methods
reported reasonable accuracy with MBE < 10% and RMSE < 75% for all cardinal directions. Excel,
EcotetPoints andeEcotedtiles reported a somewhat higher error with and MBE of up to 50% and RMSE
up to 580%. All methods had difficulties accurately accounting for North irradiations (South on the
southern hemisphere) due to the difficulties of accountirepfly mornings lesolar angles during
summer months. However, one can conclude that all methods, ex&sptddtoints, were able to
track the irradiation yearly profile for an unobstructed sensor with reasonable accuracy. Especially when
consideng the variability that inherently exists with the source weather data.

On the second test case, a complex urban environment with South facing sensors, almost all methods
reported annual MBE<10%, but high RMSE (up to 140% RMSE for the 2.0m height Bertsat).
Tiles was the exception with a consistently high RMSE 9 %. The methodds | i mit:
trace monthly irradiances should be a concern for practitioners who rely on it for seasonal performance
analysis. However, the accuracy reportékehZumulativeSky gives practitioners a valuable option for
reporting irradiances on false color images with a reliable and-ef&oignecemethod.

Finally, the design practice applications explored demonstrate that in some cases these variations may
crucially influence the design recommendations of different energy conservations measures. Furthermore,
practitioners should pay special attention to which solar radiation distribution method to use when

carrying out season specific analyses.

This study demrestrated that the tools available for running the simulations on solar irradiation on
buildings have more or less accurancy respihet ieeasured daia an unobstructed case and to the
Daysim DB acomplex urban envinmnent.Below of thedissertationvas decided to conduct some tests
of simulations in order to compare the different tools for calculating the solar radidtiermost
irradiative facadand the effect of overshadowing between two mgsldiHowever for all sets of
simulations, espetyalor a simple or complex urban distilaysinDS is the tool that has been chosen

for all further simulations.
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2340ver shadowing effect: example of shadowb

The Solar Potential poWer tool (Solar PW) aims at improvdn@a#ss in dense urban districts and
optimizing the shape of buildings to harvest solar radiation. In this way, it may contribute to increasing
the potential of using PV panels or solar thermal collectors integrated in the butidipg tenproduce
clean energy.

The study started from the analysis of simple models of two adjacent residential buildings in which
different parameters are considered: height and size of the buildings and distance between blocks.

In this sectiorof the workwasanalysed #hinfluence of the overshadowing created by one building
on the opposite facade of the other. All simulations have been perfordweddasEcotedknalysis
using the weather data file of Brisbane-p@t38E, long. 153°17N). The analyses includedediff
ratios of building heightsi{ln,) and of distance and height (f/Hor an azimuth varying in steps of
22 .5degrees froml35 to 135 degrees from the North. Analyses considered direct solar radiation only.

Graph 2 summades the results: once the ratiothhand d/h are known, following the
corresponding line it is possible to know the percentage of shading created by the buildimgtiadth h
facade of building with height h

/ A\ n
h=10m  h;=20m h=10 h=20m // \

% Shading
/
D
D

-/ U

dist.=10m dist.=10m \ \
-135  -1125 -90 -67.5 -45 -22‘5; 0 225 45 67.5 90 1125 13t
Azimuth
azisrmﬁieamlgejei:evgttign Simple model with azimuth  The trend of the % shading for different zenith and azimutf
equgl 00 angle direction equal to 22.t the building (}) with h/h 1=2 and d/h=0.5

Figure9.Example of simple model anaysnnual solar direct radiation simulations for different azimuth angle direction with
ratio h/h 1=2 and d/h=0.5: h represented thieeight of thebuilding volumerojectingits shadow on budiing volume with
height equal th;

The building volumes afcase study in Surfers Paradise were analysed in two different scenarios: the
designed scenadahe outcome of a workshop organized in Gold Coast frirto1Bd of July, 2011
by Politecnico di Milano, University of Queensland, University of Netv Wal#s and Griffith
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Universityd and the solar optimized scenario, created through the tool elaborated from simple models
analyses and systemedi with a Matlab algorithi®9] The optimization of volumes starts considering

the closest value ratio (djhof the examined couple of buildings with respect to the simple models (two
rectangular boxes with different heights). From the corresponding shadow graph it is possible to optimize
the relative heights of the buildings in otdéncrease the annual direct solar radiation for the highest
facade, at different zenith and azimuth values and diff¢herdrd d/h ratios.

Figure9 shows an example of optimization using this method: the graph relgté/sitople case
with d/h; ratio equal to 0.5 and azimuth angle direction from buildings equal to 0° was used. The
corresponding simple model minimizing the influence of shadows on the buildings is the case study with
hi/h 2 ratio equal to 2 and dflequal & 0.5. The design situation presents/an fatio of 0.6, d/hequal
to 0.83 and an azimuth angle direction of 0°. Using the graph of the closest available ratio for the
corresponding simple model (in this case @dual to 0.5, as shown in tieetangt on the right in

Figure9) it is possible to derive thghy ratio minimizing the overshadowing effects.

Graph2.Trends of the % of thia¢ads in shade vs azimuth, fordi&ert hei ght tiesnd di stances®8 r a

1409,
14

Azimuth
-s-h2/h1=2 and d/h2=0,5 -+-h2/h1=0,5 and d/h2=2 —-<h2/h1=0,25 and d/h2=4
—-h2/h1=1,5 and d/h2=0,67 -e-h2/h1=1 and d/h2=2 ——h2/h1=0,5 and d/h2=4
—h2/h1=0,25 and d/h2=8 h2/h1=3 and d/h2=0,66 —-h2/h1=3 and d/h2=1,33
-#-h2/h1=3 and d/h2=1 h2/h1=2 and d/h2=2 ——h2/h1=1 and d/h2=1
h2/h1=1 and d/h2=1,5 h2/h1=0,33 and d/h2=3 h2/h1=0,33 and d/h2=1
——h2/h1=0,25 and d/h2=6 h2/h1=4 and d/h2=1 h2/h1=4 and d/h2=2
h2/h1=2 and d/h2=1,5 h2/h1=4 and d/h2=1,5 h2/h1=1 and d/h2=1

h2/h1=2 and d/h2=1

Results of the optimization by using the simple model tool are present&dhum¢he
The accuracy of the tool was validated with dynamic yearly solar simulati®aysisi@zynamic
Daylighting Simulationpaysnis a validate®adiandmsed prograrbl] developed and validated for
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daylight calculations of complex transparent sydtemsthat combines a backwaagtracing
algorithm, a daylight caefént approach and the Perez Sky Model to simulate time series of solar

irradiances.

h;=100m h;=100m h:=50m

dist=10m
Simple model: 0,08% shading on  Design scenario: 10% shading pn Solar optimized design: 0,088ading onh

dist.=50m dist.=50m

FigurelOResults of one example of the optimization of buildings volumes using the simple model tool.

Table8. Results simulation conducted by uBiagsinn design scenario

Conditions Design scenario isolated  Design scenario (two building
Ambient bounces

Global solar Global solar
(ab) and ground o o Decrease of globa
Facade radiation (kWh/m2year) radiation (kWh/m2year) e
reflecta[g/(():]? (Gr. refl (kWh/year) (kWh/year) solar radiatior?f]
North  ab=0, Gr. Refl.=15 191,065 139 168,590 123 12%

Table9.Results simulation conducted by uBiagsinm solar optimized scenario

- Solar optimized scenario Solar optimized scenario
Cenelifons isolated (two buildings)
Amb:?é g?ggﬁgs (al Global solar Global solar Decrease of globz
Fecade radiation (kWh/m2year) radiation (kWh/m2year) e
reflecta{;g)a (Gr. refl. (KWh/year) (kWh/year) solar radiation [%
North ab=0, Gr. Refl.=15 1,284,743 520 1,271,827 515 1%

It was developed by the National Research Council of Canada and the Fraunhofer Institute for Solar
Energy Systems in GermaRadiandiles, generated with the graphical interfackutifdesEcotect
Analysiand including the model scenes, have bgmrted inDaysinsoftware and dynamic analyses
have been run, in order to collect hourly data during the simulated year. The validation of the case study
previously analysed wiftotect is presented Trable8 and Table9. First the isolated building with
height h has been analysed, and then the couple of buildings together.

Results demonstrated that the percentages in term of solar radiation lost due to the overshadowing are
close (differences of abdu2%) to those extracted with the previous analysis.

A relationship between all/l analyzed parameters
matri x6. This relationship was el aborated with
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volume to the sun. The final aim is to create a tool that, based on geographic coordinates, allows t
optimally the collocation of theildings in a dense district with respect to heights and distances.

2.3.5.Matlab algorithm

A Matlab algorithm was firstlewkloped, in order to evaluate in a simplified way the shadows
distribution on two reference buildings, finding key information regarding the optimization of building

heights and reaching the goal of maximization of direct solar radiation.

Location latitude

Location longitude Hv(l,/ildktukt] .
Location altitude Height 5
Ti'm o yea Dist%nce
Time utc Vonth

Day

l Hour
Zenith
Azimuth
SUN POSITION SHADOWS Shadow size
[ ALGORITHM H ALGORITHM Shadow %

Figurell Block diagram of the Matlab algorithm procedure.

The program made use of a sun position algorithm originally developed and presented in literature
[41] based on numerical approximations of the exactoegufatr sun position. The input entries were
represented by the location data (latitude, longitude, altitude, year, UTC time) and the geometrical
characteristic of the reference buildings (width, height of building 1, height of building 2, distance
betwea buildings). Building 1 represented the building projecting his shadow on building 2

By applying the algorithm, a 8760 rows matrix was created, listing results as zenith angle (measured
clockwise from the horizontal plane), azimuth angle (measuwiseésim geographical North), size
of the projected shadow and percentage of shade on building 2, for every hour of the year. The procedure

is shown in the block diagram.

The size of the projected shadow was determined by means of simple geometecatl @assiny
splitting into horizontal length governed by the azimuth angle and a vertical one, depending on the
zenith. The negative zenith angles were firstly set equal to zero, in order to avoid taking into account even

the shadows projected during high

The hourly percentage of shadows on the fagade of building 2 was then estimated by dividing the area

in shade by the total area.
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This algorithm was developed as a fast and easy tool for the optimization of building heights, or
building distances. Stag from this code, parametric analyses can be carried out, finding useful
information for the preparation 0éw solar design approach

N
T h2
h1 -

/

N N O// s d 7
—d -

Figurel2 Vi ew of the shadow®6s Figurela3Vi ew in plan of the s

/T 7

2.3.6.Validation of matlab algorithm

The MATLAB algorithm was validated by selecting a reference day (June 18th) and comparing the
results with numerical datoming fromAutodesk Ecotect AnalgdiBaysintools. Before that, the sun
position algorithm was checked by comparing the azimuth and zenith angles with the ones coming from a
sunposition tool free availalji&8]

In general, the sun angles estimated by means of the don plagitithm are coincident with the
ones coming from the solar tool. Bigger differences are highlighted for zenith angles close to zero, since
the solar tool provides simplified calculation techniques, if compared/tildtprocedure that takes
into account several distinct phenoni{éea

The second step of the validation process took into account the percentage in shade of the building 2
facade facing the sun. At this purpose, data comin@&gsimAutodesk EcotentksiandMatlabwvere
collected and compared. In particular, the percentagaduws was estimatediaysinby calculating
the difference between the solar radiation insisting on the fagade analysing the isolated building (just
building 2) and the swolradiation level in a model including building 1 (at this purpose, just the direct

solar radiation was considered, setting the ambient bounces equal to 0 in both the analyses).

Finally, all the values unequal to zero were averaged, to obtain ansioeglesferred to the selected
day of the year. |Autodesk Ecotect Analygisshadows percentage was estimated by averaging the
unequal to zero solar shade data collected in the results file. Similarly, the unequal to zero hourly
per@ntages calculatég theMatlaba | gor i t hm were selected and aver
Matlaband Daysinperform an hourly calculation centred in the middle of the reference hour (for
example, 8:30kutodesk Ecotect Anatysithe contrary, gives as output anrly value centred at the
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beginning of the reference hour (for instance 8:00), therefore implying computational differences related
to the noncoincident Sun positions.

The followingTable10show the final results

Tableld Compari son of sun posit i[s8addSolar ositioreMatlab adorigfh] at ed usi ng

SOLAR TOOL MATLAB Error %
Time Zenith Azimuth Zenith Azimuth Zenith Azimuth
00:30 -84.09 227.46 -84.10 227.38 0.01% 0.03%
01:30 -79.88 111.45 -79.88 111.44 0.00% 0.01%

02:30 -66.87 94.46 -66.86 94.45 0.01% 0.01%
03:30 -53.58 87.17 -53.57 87.17 0.02% 0.00%
04:30 -40.34 81.62 -40.33 81.62 0.02% 0.00%
05:30 -27.28 76.38 -27.28 76.37 0.02% 0.01%
06:30 -14.52 70.86 -14.51 70.86 0.06% 0.00%
07:30 -2.2 64.66 -1.47 64.65 33.30% 0.01%
08:30 9.44 57.3 9.54 57.29 1.06% 0.01%
09:30 20.04 48.22 20.10 48.21 0.28% 0.01%
10:30 29.06 36.77 29.09 36.76 0.10% 0.03%
11:30 35.66 22.45 35.69 22.44 0.08% 0.03%
12:30 38.91 5.62 38.93 5.61 0.06% 0.14%

13:30 38.17 348.03 38.19 348.02 0.05% 0.00%
14:30 33.59 331.99 33.61 331.98 0.06% 0.00%

15:30 26 318.75 26.03 318.74 0.10% 0.00%
16:30 16.32 308.24 16.37 308.23 0.33% 0.00%
17:30 5.29 299.86 5.44 299.86 2.75% 0.00%
18:30 -6.63 292.98 -6.64 292.98 0.15% 0.00%

19:30 -19.13 287.08 -19.14 287.07 0.06% 0.00%
20:30 -32.02 281.72 -32.03 281.72 0.02% 0.00%
21:30 -45.15 276.46 -45.16 276.45 0.03% 0.00%
22:30 -58.43 270.54 -58.44 270.54 0.01% 0.00%
23:30 -71.7 261.64 -71.71 261.62 0.01% 0.01%

The results shown a good accordance of the MATLAB solar shade with the data coming from
numerical analyses and was therefore proved that the geometrical considerations implemented in the

algorithmcould provide useful information for the optimization of building heights and distances

The Table11 presented below summarized the all results carried out from the simulations started

above and t he s haelriynghdosurp eafc esnitnauwleast ifoord sevday .
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Tablell, Comparison of shadowsd percentages on building 2 calc
Time Shade %
07:00 0%
Isolated Two buildings 08:00 0%
. . 09:00 5%
0,
Time Wh Wh Shading% 10:00 24%
00:30 0 0 - 11:00 73%
01:30 0 0 - 12:00 95%

_ 13:00 63%
02:30 0 0 ) 14:00 29%
03:30 0 0 - 15:00 0%
0430 0 0 - Average 51.50%
05:30 0 0 - Shadingd per cent agEcstect a
06:30 0 0 - Time Shade %
07:30 7600 7600 0.00% 00:30 0%

01:30 0%

. 0,

08:30 25900 25900 0.00% 02:30 0%
09:30 43500 31292 28.06% 03:30 0%
10:30 54600 21404 60.80% 04:30 0%

05:30 0%

. 0,

11:30 58600 5538 90.55% 06:30 0%
12:30 58400 11952 79.53% 07:30 0%
13:30 51500 25854 49.80% 08:30 0%

09:30 25%

. 0,

14:30 39100 33820 13.50% 10:30 59%
15:30 20600 206@ 0.00% 11:30 90%
16:30 400 400 0.00% 12:30 79%
17:30 0 0 ) 13:30 47%
14:30 12%

18:30 0 0 - 15:30 0%
19:30 0 0 - 16:30 0%
20:30 0 0 - 17:30 0%
18:30 0%

21:30 0 0 - 19:30 0%
22:30 0 0 - 20:30 0%
23:30 0 0 - 21:30 0%
22:30 0%

Average 53.71% 23:30 0%

Average 52.00%
N . Shading8 percentages cal ci
Shadingg percent ageBaysimal cul at ed PW tool)

The results demonstrated that 8war PW todéveloped workwith a good accuracy: in fact the
differenceof t he average value of PBdysns equajtdo §.73p,evhiee nt ag
usingAutodeskcoteétnalysithe different lowers until 0.50%.
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2.4.Results and discussion
2.4.1 Analysis on simplified mocels of urban areas

The first studies on simplified models of urban areas were instrumental to understand basic
mathematical relationships between the height of buildings, their reciprocal distance and the availability of
solar radiation on fagades. Twohef simplified case studies are described below; the pattern of buildings
is shown irFigurel4.

The analyses were carried out Aitodesk Ecotect Analysis

a) The first case study investigates the relationship between theohdigitdings and solar

radiation availability.

Were analysed three case studies of a simple district composed by 9 buildings and located in Milan.
The climate data file used was the Milan weather data fildi{ftatywea) available in directheaoect
weather database.

For all case st udi edataaepostedsndhbablél2bglont he same di st

Tablel2 District set parameters (Case 1).

- . Entred st r i " " Rectangular size of  Plot ratio of entire
E5te () RS 1 footprint [n?] OEHEUeR surface subdivision fm district
100 2500 North - South 25 0.36

The characteristics of every sidgd&ict are summarizedTiablel3

Tableld Di strict constrictionds parameters of the case studies

Height of the buildings Volume of the Di strictéo:
Case study [m] buildings [A Surface/Volume index [/m?]
Case 1.A 10 9000 0.5 3.6
Case 1.B 15 13500 0.47 5.4
Case 1.C 20 18000 0.45 7.2
Tablel4 Results of the analysis (case 1)
Results Case 1.A Case 1.B Case 1.C
(h =10 m) (h=15m) (h =20 m)
Annual direct radiation on the fagcades of the central building | 181,52 229,002 282,405
Annual direct radiation per square metre of facade [KVh/m 362.7 3271 313.8
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The results of set of simulations are summarizeblal4

The relationship between building height and needahcident solar radiation is not linear. Further
analyses are required to define a more precise mathematical relationship, but it can be inferred that it is a
gquadratic functianThe shows that, for the most overshadowed building (the central one), available solar
radiation obviously decreases as the height of buildings increases. The potential energy production with

solar collectors and PV panels placed on the buildelga consequently decreases

OBJECT ATTRIBUTES
Toos Radstion

OBJECT ATTRIBUTES

OBJECT ATTRIBUTES

Figurel4 Results of case studies 1.A, 1.B and 1.C and solar radiation map full hourly on the central building.

Graph3.Trend of direct solar radiation dafalie on the facades of the central building according to the height of buildings.

Dir 370
ect \

sol 360
ar y = 0,446x? - 18,27x + 500,8

rad 350 \ R¥=1
iati 340

on \
(k330

/ 320
o ANy

) 310

Height of buildings

48



Solar potential and microscale climate interactions in urban areas

b) The second case study investigates the relationship between the distance among buildings and the
available solar radiation.

Were analysed three case studies of & glimplict composed by 9 buildings always located in Milan

characterized by following parameters:

Tablel5 District set parameters (Case 2).

Building Entire Orientation Rectangular size of

footprint [n?] footprint [n?] surface subdivision fm Pt RS 81 2 e elmiE

100 2500 North/South 2.5 0.36 (2.A) 0.25 (2.B) 0.18 (2.C)

The distance among the building varies from 10 m (case 2.A) to 15m (case 2.B) until 20m (case 3.B).

Results are summarized ablel6.

Tablel6 Results of the analysis (case 2)

Case 2.A Case 2.B Case 2.C
Rizul (h =10 m) (h =15 m) (h = 20 m)
Annual direct radiation per square metre of facac 309.7 365.1 393.3

[kWh/m?]

DBJECT ATTRIBUTES
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Figurel5 Results of case studies 2.A, 2.B and 2.C and solar radiation map full hourly on the central building.
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The Graph4 shows the total incident solar radiation on the verticdinigudnvelope (the roof is not
considered because its incident solar radiation is constant). Results are approximated by a cubic function.
When the distance is roughly equal to the building height (15 m), setting the buildings further apart only
leads tomall increases in the incident solar radiation.
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Graph4. Trend of the incident solar radiation on vertical buil Graph5. Annual direct radiation dine vertical envelope of the ceni
surfaces according to distance between buildings building according to the distance among buildings

The general results of these analyses were subsequently tested in the real case study described below.

2.4.2.Analysis on a case study of Milan (Italy)

The case study presed is representative of a typical operation in Milan: demolition of the existing
building and reconstruction of the same volume, but with a different shape, in a medium density area of
the city.

Figurel6.Google Earth viewfahe selected site (highlighted in red) in the northwest of the city of Milan
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The actual design scenario elaborated by a developer and the solar optimized design scenario (which
maintains the same building volume) were compared. In both scenariantfa eoérgy production
obtained by covering the building envelope with solar thermal panels or with photovoltaic panels was

calculated. Moreover, overshadowing of nearby buildings was compared in the two different scenarios.

The first analysis is abdie shadow range in the current scenario and in the scenario of the
company0®6s project. This study helps to compare t
building, assessing whether the proposed design guarantees the existingsstiathaaeeighbouring

buildings to the North. In order to assess the worst insolation conditions, the analyses were conducted on

December 21

Figurel?. Shadow range in the current scenario (on the left) and in thdesigrabcenario (on the right) ost Récember.

Subsequently, the shape of the building was optimised keeping the additional volume constant. The
aim is to minimize overshadowing of the neighbouring buildings and to find an adequate shape to
maximize ptential energy production from the envelope with solar collectors or photovoltaic panels. The

final goal is an optimized design with respect to building orientation and projected shadows.

Figurel8 Shadow range in the saptimized design scenario « Figurel9 The blue volume in the solar optimized desic
21st December. the same of the red one in the actual design scenario
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2.4.3.Analysis of shadow effect on the fagades of neighbouring buildings

Theresults of the analyses conducted in different scenarios are sumniigneeR®) showing the
different shading conditions. It is important to underline that in this case study the all surfaces have been
congdered: in fact the surface of the roof is very relevant for the energy production in both scenario
because the buildings are not very tall.

These are the main results for the analyses on the 21st December:

c) The solar optimized design maintains the rexiatnount of solar radiation on the buildings to
the North, as shown by the red dots;

d) The facade of the analysed building to the North is completely irradiated from 1 p.m. onwards;

e) Inthe actual design scenario, the new building casts a significanbshamtbit;

f) The facade of the building to the North is never completely irradiated in the actual design
scenario;

g) The shadow graph shows the highest solar radiation is in the solar optimized design scenario;

h) The shadow graph shows the smallest solaraadsaith the actual design scenario.

—

Direct solar radiation values (A) Direct solar radiation values (B) Direct solar radiation values (C)
e [ 1% L S
Shading Pexisting facade (A) Shading of existing facade (B) Shading of existing fagade (C)

Figure20 Analysis of shading effects in the different scenarios.
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2.4.4.Analysis of energy production with solar building envelope

The final analysi®i@ws the difference in the potential energy production from the building envelope
in the two different scenarios: actual design scenario and solar optimized design scenario. The results of
the analysis show that the energy production in the solar optiesizgdscenario is actually greater than
the one in the design scenario. The comparison of the two different scenarios isFgore2 irand
Figure22 In this case stly, the roof is considered completely available for energy production.

OBJECT ATTRIBUTES
Total Radiation
e amgn 625000 412600 0 Whed

TR 1)
~ A |/ ~_J/

Figure21l Radiation on actual design scenario. Figure22 Radiation on solar optimized design scenario.

The results are sumnzad in therable17 it is better to specify that for the efficiency of photovoltaic
panels was assigned a value equal to 16%, while for the solar thermal collectors is equal to 20%.

Tablel7.Potential for energy production in the two scenarigs£PpFimary energy index for heating = 49,6 kWAgfin

Actual design scenario Solar optimized design scenario
. Facade . Facade Roof
Energy Production (1,654 %) Roof (476 ®) Energy production (1,681 19 (1,202 18

8.3kWh/mfyr 4.4 KWh/n#yr
(16% of ER) (8% of ER)

4.6 kWhinfyr 9.1 kWh/ntyr

Photovoltaic panels (9% of ER)) (18% of ER)

Photovoltaic panels

79.8 KWh/miyr 42 KWh/n#yr
(160% of ER) (85% of ER)

43.8 KVh/m2yr 87 KWh/neyr

Solar collectors (88% of ER) (170% of ER)

Solar collectors

This case study shows that even in densely built areas it is possible to manipulate the allowable
building volume in order to maximize solar exposure and minimize negative effects on existing
neighbouring bldings. It has to be pointed out that the analysis was carried out prioritising energy
production aspects, but other factors (such as the increased sale pricassefapgiiments) may

influence the overall massing strategy abjell
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2.4.5.Analysis on a case study of Surfers Paradis&old Coast (Australia)

The preliminary tool was applied to different urban contexts, in order to test the analytic relationships
found in the simple models. To this purpose, dynamic aimulaiens with theRadianas®ftwarg16]
were carried out to assess the solar energy harvested by the buildings. All the solar radiation components
(diffuse and direct radiation, sky component and reflections from exwacakswere considered in
this case.

The study investigates the difference in the solar potential of the fagades of each single building in the
design scenario and in a solar optimized design scenario. In the following analyses only the solar radiation
onthe facades was considered, excluding the roofs as these have limited surface areas.

The analysis has been conducted in both scenarios: the actual design scenario and the solar optimized
design, defined usirgaysimThe constant number of facades (capusurfaces) exposed to solar
radiation and the constant total volume of the buildings (new buildings volume) added with respect to the
current scenario, has been considered as parameters of theTatddl8summarizes thgarameters
in both scenarios. In the first analysis, the raytrace values of ambient bounces was set equal to 0 and the
ground reflectance equal to 0%, in order to consider only the effect of overshadowing on the facades of
other buildings.

The main aim ofhis analysis was to evaluate if the optimization of the volume improves the solar
access, increasing the available solar radiation on the fagcade of every building. Trapkaisow
that the solar radiation on the buitdenvelope increases in every building of the compound.

Current scenario Designed scenario Solar optimized design scenaric

Figure23Two different scenarios are investigated: desigarf andolar optimized desigraging from current scenario.

Tablel8 Parameters of analysis in designed scenario and solar optimized design scenario.

Parameters of the analysis Actual eésign scenario Solar optimized design scenario
Capturing surfaces 47938 m 46739 m
New buildings elume 180724 m 179263 ¥

54



Solar potential and microscale climate interactions in urban areas

In particular the optimization has been done for couples of buildings at a time, in order to reduce the

effect of reciprocal shading
In the Figure24were presented the nedesigned building in the actual design scenario, isolated

respect to the urban context, while=igure25 are shown the new buildingsthe solar optimized

scenario.

Figure24. Actual design sceim@ new designed buildings Figure25 Solar optimized scenanew designed buildings

Graph6.Results of the direct solar radiation for designed scenario and solar optimized scenario with ambegqudidar@es

and ground reflectance equal to 0.0%.
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All simulation wer conducted setting tRediangarameters reportedTiablel9.

Tablel9Set of Or tr ac e 6 Radiandeasedssimations. used for all

ambient ambient ambient ambient ambient specular direct direct
bounces division supersample resolution  accuracy threshold sampling relays
003 1000 20 300 0.1 0.15 0.20 2
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It is necessary to underline that the analyses were performedriognail the new buildings as
isolated volumes. This aspect guarantees the lack of the overshadowing due to the context, but not the

mutual influence among the different buildings of the district.

Table20Resultsconsidering dg the direct solar radiation in designed scenario andgimazed desigscenario

Conditions Designed scenario Solar optimized design scenari Results

Ambient bounces (ab) Direct solar

Direct solar Increment or

Building  and (gé(r).urrgl.r[g/zl]()actanC1 o Wrﬁ/dyear) (kWh/m2year) rad. (kWhiyear) (kWh/m2year) decrement [%]
Buildingl ab=0, Gr=0,0 1,310,364 213 2,345,411 334 44%
Building2 ab=0, Gr=0,0 1,023,747 143 1,231,154 311 17%
Building3 ab=0, Gr=0,0 1,160,552 199 2,013,512 345 42%
Building4 ab=0, Gr=0,0 719,987 160 2,579,154 319 72%
Building5 ab=0, Gr=0,0 1,082,529 149 1,232,091 311 12%
Building6 ab=0, Gr=0,0 366,701 172 659,899 323 44%
Building7 ab=0, Gr=0,0 972,523 208 1,276,659 357 24%
Buildings ab=0, Gr=0,0 1,741,104 310 1,329,160 315 -31%
Building9 ab=0, Gr=0,0 748,828 206 1,838,254 334 59%

Total ab=0, Gr=0,0 9,126,335 1,760 14,505,296 2949 37%

The values whin the red rectangle ®raph6 andTable20 underlinghe specific configuration for
buildings 7, 8 and 9, which have been optimized considering two buildings at a time. However, results
demonstrate that in this case the optimization is not as efficient as in others, because three buildings were
consideredimultaneously. The relationship among three or more buildings is obviously more complex
than between a couple of buildings and should be calculated with more sophisticated analyses. Results are
presented imable20.

Figure26. Actual design scenari@vershadowing effect on the building on thed?@une at 11:00 a.m.
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As example is reported a couple of buildings in the actual design Ggneeit) andin the sahr

optimized scenarigigure27) with the shading map of the analysed facade.

Figure27. Solar optimized scenandvershadowing effect on the building on thed?@une at 11:00 a.m.

The secnd analysis is conducted on all buildings in both scenarios, setting the raytrace conditions to
values of 3 for ambient bounces and 15% for the ground reflectance.
The aim of this analysis was to confirm the results of the first simulation with dédfgrace r

parameters, considering the mutual interaction among buildings and the solar reflections on each other.

Graph7.Results of all contribution sélar radiation for the designed scenario and solar optil&gacenario wh ambient

bounces equal to 3 and ground reflectance equal .to 15%
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All buildings, except number 1, lost part of the solar radiation increment due to the effects of

overshadowing by the neighbouring buildings. @elpuilding 1 achieved an incrementsolar
radiation due to reflections. Furthermore, it is fair to underline three situations where the increments of
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the first analysis decreased until they assumed negative values (building number 2 and 5). Solar radiation
available on the group of thiealdings (7, 8 and 9) is worse than the one in the first analysis. Finally,

considering the global solar radiation the increment is aboute3ldts &e summarizediable21l

Table21 Resultsonsieringall contribution ofolar radiation in designed scenario andagilarized desigscenario

Conditions Designed scenario Solar optimized design scenari Results

Ambient bounces (ab) Direct solar

Direct solar Increment or

Building  and (gé(r).urrgl.r[g/zl]()actanc' o Wrﬁg/ o (kWh/m2year) rad. (kWhiyear) (kWh/m2year) decrement [%]
Building_1 ab=3, Gr=0,15 3,830655 616 7,353787 926 48%
Building_2 ab=3, Gr=0,15 3,744028 523 3541690 894 Iﬂl
Building_3 ab=3, Gr=0,15 3,290385 564 5,348066 917 38%
Building_4 ab=3, Gr=0,15 2,344903 520 7,040202 871 67%
Building_5 ab=3, Gr=0,15 3,633246 501 3529665 892
Building_6 ab=3, Gr=0,15 1,190870 558 1,884143 884 37%
Building_7 ab=3, Gr=0,15 2,798506 597 3077191 862 9%
Building_8 ab=3, Gr=0,15 4752258 846 3567626 864 -33%
Building_9 ab=3, Gr=0,15 2,144541 591 4,938909 898 57%

Total ab=3, Gr=0,15 27,729391 5317 40281278 8,008 31%

The last analysis is conducted with the same raytrace parameters than the puéations lsirh
considering the volumes of the new buildings within the existing context.

L—F

Figlj'Fé/28 Actual design scenarithe new designed buildin Figu'fé/ 29 Solar optimiegd scenario the new designe

inserted in the district buildings inserted in the district

The aim of this simulation is to calculate the overshadowing and solar reflection effects on the facades
of the buildings, in terms of increment or decrement of the available solanradiased by the
neighbouring existing buildings
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Graph 8.Results of all contribution solar radiation for the designed scenario and solar optimized design scenario in existing

context with ambient bounces equal to 3 and grounctafle equal to 15%.
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Table22 Resultgonsideringll contribution of solaadiation in designed scenario and sglémized design scenario within

context.
Conditions Designed scenario Solar optimized design scenari Resits
o Ambient bounces (ab) Direct solar Direct solar Increment or
Building and (gé(r).urr;cglir[g/(fjlﬁctanc' = V\/rr?/dyear) (kWh/m2year) rad. (KWh/year) (kWh/m2year) decrement [%]
Building_1 ab=3, Gr=0,15 3915044 630 6,343,403 902 38%
Building_2 ab=3, Gr=0,15 3,851539 538 3,730,433 942 Iﬂl
Building_3 ab=3, Gr=0,15 3,365208 577 5,388,376 924 38%
Building_4 ab=3, Gr=0,15 2503552 555 7,442 971 921 66%
Building_5 ab=3, Gr=0,15 3731127 515 3,514,016 888 Iﬂl
Building_6 ab=3, Gr=0,15 1,194520 560 1,866,805 876 36%
Building_7 ab=3, Gr=0,15 2,839061 606 3,086,986 864 8%
Building_8 ab=3, Gr=0,15 4741891 844 3,270,032 792 -45%
Building_9 ab=3, Gr=0,15 2,091513 577 4,971,688 904 58%
Total ab=3, Gr=0,15 28233456 5401 39,614,710 8,013 2%%

Results are very close to the previous ones, although the overshadowing effect, caused by the
neiglbouring existing buildings, hsesme influence on the solar availability. In fact only for three
buildings (buildings 2, 7 and 9) the value of globalradlation on the facades is increased, although the
increments are not very high. On the contrary, the decrements due to the overshadowing effect are
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substantial, especially for building number 1, which loses 10% of the global solar radiatiore Results a
collected imable22[60]

The contentsof this chapter werpresentedn the publicatiore nt i $ola®\W: AdNevsolar
Design Tool to Exploit Solar Potential in Existing Urban &fé&3$ at SHC 212 d International
conferenceSolarHeating and Cooling for Buildings and InddstrySan Fransco on thel@h July,
2012.
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2.5.Conclusion and aitcomes

Conclusion of the first part

Al t hough the presented analyses are only preli.

conscious designdé may have on the massing and o
this study wilinclude dynamic annual simulations of the energy performance of buildings, considering
the other components of solar radiation (diffuse, sky component and reflections from external surfaces).

With the help of simulation tools, it is possible to corteopbtential energy production from the
envelope of new buildings and their effect on neighbouring buildings in terms of overshadowing.

The reduction of performances in existing buildings due to a new neighbouring building (in terms of
passive solar gaincarenewable energy production) is a very critical issue that at the moment is hardly
regulated by the law. It is very likely that in the near future the attention to this issue will grow, as current
energy certificates will expire and may have toissied in different conditions of solar exposure,

leading to worse rating and loss of value for the owner of the building.

Conclision of the second part

The simulation conducted wiraysimconsidering all of the new building volumes in both scenarios,
denonstrated that the increments of direct solar radidtadrie@0 are positive when comparing the
solar optimized scenario to the original one, for every building except for building 8, as a result of a
partial optimization of the buildings (buildings 7, 8 and 9). This explains that the tool works well if two
buildings are considered, while the optimization of three or more buildings required more refined
analyses. The differences among values increase when considerirtg tieeéeshadowing and solar
reflections from other building$aple 21), with increments or decrements of global solar radiation
values. These effects increase if the analysis is done in theTaie2d) (

It is important to underline that the analyses have been conducted assigning only concrete plaster as
finishing material for all fagcades, with its specific solar reflection. It is reasonable to guess that using other
materials with different reftéon values, the increments or decrements of global solar radiation available

r

on the facade would increase or decrease. Further studies to analyse the effects of other materials or by

using the same material with different RGB reflection values vpéibefahe future work.

The development of this study will include the evaluation of the facade areas where solar radiation is
higher thanks to direct radiation and to reflection from nearby buildings. This will identify areas with
more potential for sal@xploitation using photovoltaic or solar thermal panels installed on the facades.
The amount of energy that could be produced under different boundary conditions will be evaluated as

well, together with payback periods of investments.
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3. Solar geometric opimisation: simple volume transformation
and solar reflection and ground reflection contributes

Questions of the chapter
1. How is possible to maximize the solar radiation of the building in existing urban area?
2. How is possible to localize the best arem$talling the solar systems on the facade?

3. How is possible to panelling a complex surfaces of the fagade for installing the solar systems on
it?

Abstract
This chapter shows the results of a research aimed at assessing the amount of energy that can be
produced by solar envelopes (facades and roofs) in urban contexts.
This section of the study presents the first part of the optimization process of the building volume
starting with simple parametric transformations of reference construction volume 8§0at.twvdre
tested different combinations of heights and ground level geometric shapes for percentages of footprint.
In fact apreliminary set of simulations was carried out, through dynamic yearly analyses on a sample
building, to identify the main paraemns influencing the availability of solar radiation amgtitnize the
buil dingds shape. Th dyigfacusedmrscalculation thelbésssolgr exposuremff t h
the building in order to improve the solar radiation on the buldingmneaelbin particular to estimate
the solar radiation harvest on the facades.
The general target is to maximise solar radiation availdldeexternal building envelppeorder
to exploit it through buildingtegrated solar systeamsl calculate the@ergy production that is possible
to reach from their installation especially on t
Furthermore the second part of this section is focustte @ffect of reflected solar radiatibat
has been ah@ed by simulating different finishing materials (green facades, glazed facades, concrete
facades and aluminium facades)he neighbouring buildings, considering the of@ntadrthsouth
and northsouth/eastwest
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3.1.Introduction

The built environrmeac count s for over 40% of the worl dos
greenhouse gas emissiftjsWith the aim of reducing the energy consumption of buildings and the
related environmental impact, several regulations and demonstration activiiieshing for the
adoption of the oOnet zero energyo6 standard. A mo
energy performance of buil dings (2010/ 31/ EU) , r
zero energyo6 st abydizerork wihyhe BirigeatPpotentialsmpact, asht regards all of
the 27 Member States of the European Union.

Although the standard definition of a nearly zero energy building is still under djatubsi@pirit
of the Directive is about matchiagery limited energy need of the building with the amount of energy
that can be sourced on (or near) the site. Some existing buildings prove the feasibility of scenarios where
the energy used for heating and cooling is offset by the yearly produetienvable solar enelf§¥
However, these prototypes are generally isolatedsdolwildings with optimal solar exposure, while
most of the worl dds p o4 and in Ewape, polickesepromate irntreasisge u r |
density in existingrban areas to reduce spif@)IThis means that most of the buildings will have to aim
for the nearly zero energy standard in a context where the orientation, availability of surfaces exposed to
the sun and the overshadowing conditions can be far ftonalop

In view of the European 2020 requirements, it is then interesting to assess the solar potential of
buildings located in urban areas, where the availability of solar radiation on the building envelope depends
also on the shading conditions and onréfiections from nearby surfaces. On the other hand, it should
not be underestimated that a higher amount of solar radiation on facades and roofs means higher cooling
loads in summer and increased surface temperatures. The latter can have an inmgiacironlétion
and the temperature distribution within urban canyons, leading to high summertime outdoor air
temperatures (Urban Heat Island effediHI) that increase coolirapergy use and accelerate the

formation of urban smdeé].
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3.2.Material and method

Within this scenario, the general aims of the work are to demonstrate the influence that building and
facade design have on the total amount of solar radiation incident on the external building envelope and
to increase the energy production of intedjisatar systems by optimizing the shape of the buildings in
the district morphology. Distribution of volumes, road pattern and building orientation, finishing
materials, street width and relative buildings height are all parameters that could dfeensalbr a
raysd access on buildings. These aspects coul d
variations (mitigation of urban heat island effect), as well as on users comfort, both indoors and outdoors.

In particular, this chapter e sent s a parametric study on the o
and the numerical evaluation of the solar radiation insisting on the building envelope, in order to assess if
facades can be exploited, in parallel with the roof, for energy prooludémse urban areas, where
there may be significant overshadowing caused by existing constructions. The analysis of basic models
allows assessing energy need and calculating potential energy production under different design
conditions (height and sizZebwiildings, distance between blocks, cladding materials, etc.).

As just extensively written above in chapter 2 about the different tools available for calculating the
solar irrdiation on the buildingfaysindaylighting dynamic simulation tool has beesen for
conducting the sets of simulations.

3.2.1.Solar reflection in urban cangn and effect on a buildirgs

Reflected light from another buildings or from the ground can be used to illuminate interiors,
influencing not only the quantity of light, but theliguas well. Under specific conditions, the main
problem that the sunlight can cause is the glare. Undeskgleanditions, the impact of ground
reflected light on the interior illuminance is minor. Under ovskgasbnditions the light from the

graund plane may increase the illuminance on a vertical surface by as much as 50%.

Conversely, on clear days vertical surfaces can significantly increase light levels on facing vertical
surfaces, while their impact is minimal under overcast conditionisegeordasons, grouredlected
light is more useful under overcast conditions, while reflected light from vertical surfaces is more useful in
clearsky climates.

The light that is reflected from vertical surfaces (such as fscing building walls) isyaffected

— their dimensions;
— their reflectivity;

— their orientation.
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One advantage of these surfaces is that they can be most effective during winter months, when it may

be difficult to maintain the design interior illuminance in the building.

Walls oppositearth-facing windows have the best opportunity to reflect sunlight, while east or west
oriented walls can be useful only in the morning or in the evening.

The use of reflected light to increase the light penetration into a space can be accomplistged by plac
reflective surfaces in the field of view of the window. Since the lower parts of the window reflect light
more deeply into the space, a good design target is to maintain a view of the sky from the upper part of
the window, leaving the lower part fdleited light. The height s of different vertical surfaces that are to

be used as reflectors for nefidising apertures.

With the increasing interest in passive solar design, many architects have come to realize that the
design of the building facaderifiaal if radiant energy from the sky is to be used. During recent years
coated glazings have found widespread application in order to, among other reasons, reflect heat or
reduce glare. This may be desirable for the occupans of the building in ljueptople opposite or
on the road may have problems due to glare. Vertical glazed surfaces may only cause problems when the
sun is low in the sky (during the sunrise or sunset). If the facade is inclined with respect to the vertical,

problems may occure@avwhen the sun is high in the €&}

3.2.2.Radiance materials

From radiance materials to Daysim material sé

Regarding the simulation programmed in this segdsrimpadant to managée materialgiven
that sets ofimulations excepted to test different materials and colomotes® f col or s & appl
in Daysins articulated: in fais possible to modify the material definibangingrad file presented in
the folder of case study analysed.

Below is reprted the part on the process &t $the material defition frofRadianc® Daysim
described iDaysintutorial[45]

However for the most pai easier to useRadianceEene ah import it straight int@aysimBut,
sinceDaysindoes not support all material rifiedls available withiRadianca might edit arotherwise
valid Radiandi#esto make it accessible DaysimThis process cdie automated using tRadiande
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Daysintonverte radfiles2daysint.able23 summarizes the difference betweerRidianand Daysim
file format.

Table23 Difference between tiitadianemdDaysirfile format.

Item to check

Daysim only supports a fraction of all Radiance mat®hialsdd your Radiance scene contain an
unsupported material, your simulation will generate an error. The following Radiance material
modifiers are currently supported in Daysim:
RADIANCE DAYSIM
Light sources in the Radiance files are
replace by adtk plastic in Daysifihe
reason is that during the daylight coefficient
light calculation Daysim auto_matically adds a sky
to the scene. If other light sources were
activated in the scene, the contribution of
these light sources to the daylight coefficients
woud lead to wrong results.
glow same as light
fully supported in Daysim; the materials with
this type are turned monochrome in the
plastic Days_im file. The reason for this is that
Daysim uses only one color channel to
calculate a set of daylight coeffitsiéor all
sensors provided in your sensor file.

metal same as plastic
mirror same as plastic
trans same as plastic
glass

same as plastic

If your Radiancescene file(s) contain links to secondary files, e.g.
Ixformat 0 0 O other_file.rad
the file ya import into Daysim needs to contain the absolute path for the secondary file so that
Daysim can find it:
Ixformét 0 0 0 ABSOLUTE_PATHother_file.rad
Note that radfiles2daysim wondt explicitly pas
have to be already in a valid Daysim format. Otherwise, the simulation will generate an error.
If a color has been madified in the Radiance input file,
a message in the Daysim GUI will inform you ofthe change

PC files are sometimes not properly readdaysim. In case you run into any difficulties,
save youRadiance model files in UNIX format instead.

Defining material proprieties

Defining physically correct material properties for all surfaitessoene isrucial forthe overall
simulationRadiantB®aysimallows you to correctly model a widenber of diffuse and specular, opaque

and transparent material properties. EhenghDaysimaims to simplify the job of assigning for you,
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you should acquire at leagbasic understanding of Radiacdile format. TheRadiandde format is
describedh detail inrRendering witRadiantm®mok as well as the onliRadianeceanual pages.
The remaining of this section describes how and where to modify material propestgsiin
Once you have susstully implemented ailting model intaysimyourd B u i | neemurwighén
theDaysinGUI resemble as shownhkigure30.

5] paYSIM 2.1 [C:DAYSIM projects\Ex5. 1DaylightingAnalysisOfASingleOfficetheaderthea] =~ s KGR [
File Site Building Simulation Analysis Help

rBuilding Model S Point File

Your current sensor file is: pts/icenter_line.pts Help

‘ Specify Sensor Units ‘ ‘ Pick a new Sensor Point File

rShading Device

Please specify the shading decive mode.

‘ Static Shading device {included in building geometry)

Note: The material and geometry files are stored
in the project folder under the "rad” sub-directory

Edit Material File Update View

Figure30 Building menu ibaysim

After importing a building model sihauld always review t&ysimrmateriafile of the project.

The Daysinmaterial file contains material properties for all materials used in the building model. You
can access timysimat eri al file by the O0OEdit Maténi aslecFilo
This will open the material file in the text editor you specified duriDgytbieinstallationFigure31
shows théaysimmaterial file as an example.

It is possible to édthe Daysirmaterial at willThe notethat inFigure31, all materials in the file have

been taken from th®aysimmat er i al database which suggests t
meaningful 6 material s. T Dagsimuategal files dhndal alWways vedrieyc i d e t
whet her , t hat the file format i's stild] valid by
sectionDaysinwill try to rebuild the building model using Reglianger ogr am ooconvo. | f
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an updated version of theilding model will appear. Otherwise, the error generaRatlaneeill be

shown in an error box.

# Daysim Material File

L L A L g L 8 L L G (L L 0 L G L e L s

# All comments start with an ‘#'

T R TRTR TR R IR TR R RTR TR R RRTR IR RTRTR IR RTRT IR TRTRTIRTNTRTIRTNTRTRIRIRTRIIRIRIeTAISTRTeIaISINIEy q

Daysim header information

# SOURCE FILE: C:/DAYSIM/projects/Ex5. 1DaylightingAnalysisOfASingleOffice/tmp/iImportFrom3ds.mat.rad

#e
# The material description for GenericlnteriorFloor is taken from the Daysim database
# matenal GenericFloor30

# material_type opaque

# comment: This is a purely diffuse reflector with a reflectivity of 30% which

# according to the Lighting Handbook of the International Engineering

# Society of North America (IESNA) is a typical floor reflectivity

\

material properties for
> “GenericInteriroFloor”

# T
—_— : ol lastic”

void plastic GenericFloor30 j Radiance material “plastic”.

0

0

503030300 5 5 values: refieg refyeen refe Specularity

#e rsughness

#<

# The material description for GenericlgieriorWall is taken from the Daysim database
# material GenericWall60
# matenial_type ...

id plastic G icWall6o . ) )
;0' plastic Genericiia This line indicates that “GenericlnteriorWall” has
0 been automatically substituted with the entry from
506060600 the Daysim material database
#e<
#e

# The material description for GenericlnteriorCeiling is taken from the Daysim database

# material GenericCeiling80
# material_type ..

void plastic GenericCeiling80
0

0

508080800

#

#:
# The material description for DblGlazSpecSel72 is taken from the Daysim database
# material DblGlazSpecSel72

# material_type transparent

# comment: This is a generic, spectrally selective double glazing with a

# visual transmittance of 72%.

void glass DblGlazSpecSel72 I o ]
0 i Radiance material “alass”.

0
3 0.784580 0.784590 0.784590
#e

#<
# The material description for SingGlazClear90 is taken from the Daysim database
# material SingGlazClear90

# material_type ...

void glass SingGlazClear90

0

0

Figure31 ExampleDaysirMaterial File.
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Adding materials to the Daysim material database

The Daysimmaterial database is ectf simply a directory (set in thaysinGUI under File>>

Preferences) that contains a numbétaafiandées. Each file contains the material description for one

material entry. The name of the file corresponds to the name of the material madifier @ll by 0 .

E.g., the material description for a GenIntWall (generic interior wall) is:

# material GenIntWall (Generic Interior Wall)

# material_type opague

# comment: This is a purely diffuse reflector with a reflectivity of 60% which
# according to the Lighting Handbock of the International Engineering

# Society of North America (IESNA) is a typical floor reflectivity.

# author: C Reinhart

void plastic GenintWall

0

0

506060600

Figure32 the material description for a generic interior Widdl name&enltWall.rad

To add a new entry to the database, it gimged to enter tHeadianeeaterial description into a file
and have the file in tiaysinrmaterial database directory under <material name>.rad.
SomeRadiancmaterial description database available oRadianogebsite[62] or on theU.S.

Department of Energy of Lawrence Berkeley National Laboratory y6&jsite
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3.3.Theory and calculation

The analyses of this chapter are divided onto two parts: in the first part were simulated the isolated
buildings in order to conduct an initial parametric process for studying the optimisation of building
vol umeds dhhe pecgond sethof dineulations were analysed the same sopitdifasly
analysedwithout context in order to study the contributionsofar radiation coming from the

surrounding testing different configuration of materials and colour on the facades.

3.3.1 Analyses and main objectives

The specific aims of this study are:

— optimization of the building shape with respect to solar accesgy keepoiume constant;

— organization of the building volume in order to maximize solar exposure;

— evaluation of the solar potential of the building, considering the influence of solar reflection of the
external surfaces of the neighbouring buildings, arediff scenarios of painting colours and
finishing materials;

— (qualitative analysis of the impact of radiative properties of surfaces on urban heat island effect

(mean radiant temperature increase).

In particular, the availability of solar radiation orbtilding facades has been mainly considered,
while the roof has been calculated separately. The reasons for this choice are that for tall buildings, the
amount of roof space per apartment floor area is relatively limited and the roof surface hag often to b
shared among different concurrent functions (services, shafts, terraces, etc.) that limit the potential for the
installation of solar panels; because of this, is thus possible to cover just a limited portion of the energy
demand of the building. In dengdan conditions, then, it may be sensible to explore the potential of
other exposed surfaces, such as fagades, although their orientation and tilt are not optimal for solar energy
production over the year.

Simulations have been carried out in two diffateps: in the first part, the global annual radiation
on the building envelopes of simple volumes has been estimated; in the second part the analysed volume
has been included into a hypothetical district consisting of nine blocks about 1000 m3tteach. All
simulations have been carried out for the city of Blikaty (latitude 45.27° N, longitude 9.11° E) using
statistical data recorded at the Milan Malpensa airport (source: EnergyPlus weather data website).

The first analyses (irradiance variatientdishadowing) have been conducted on a constant volume
of 1000 m3, varying the covering ratio of t he
footprint and the area of the lot) between 100% and 25%. Different footprints (square, rectangular

trapezoidal and triangular shapes) and different heights (in the range between 10 and 40 m) have been

70



Solar potential and microscale climate interactions in urban areas

simulated. Orientation and shapes of the building plan have been selected in order to minimize the north

facade surface and to guarantee a minimunbeatveen two adjacentesdof at least 1:2, as shown in

Table24

Table24Buildings simulated in analysidifferent footprintscovering ratios §Sand building height (H), keepthgb ui | di ngd s

volume constant

Shape Sc&H| 100% H=10 m 75%- H=13.3 m 50%- H=20 m 25%- H=40m
100_NS_sq 75_NS_sq 50_NS_sq 25_NS_sq
100_NWSE_sq 75_NWSE_sq 50_NWSE_sq 25 NWSE_sq
Square
75_NS_rect 50_NS_rect
75_NWSE_rect 50_NWSE_rect
Rectangle
75_NS_trap_NE 50_NS_tr NE
75_NWSE_trap_NH 50_NWSE_tr NE
Trapezium
Triangle 75_NS_trap_NW 50 NS tr NW
75—NW®E—"ap—N 50_NWSE_tr NW

Afterwards, the reference building has been included into a simple district conposduamks,

1000 m3 (10x10x10 m) eathkle25. As in the previous set of simulations, the variations of covering
ratio, as well as the changing of shape and height of the reference building have been simulated,

maintaining aos t ant
taken into account under different hypotheses: the reflectance properties of surrounding envelope

surfaces have been modified according to several assumed claddéergsi{pldifferent colours from

t he

buil di ngds

tot al

v ol

black to white, aluminium facade, concrete facade, glass facade and green facade).
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Table25Analysis 2: simulated buildings into hypothetical districts consisting of nine blocks of ab8eat000 m

Shape Sc&H 100%- H=10m 75%- H=13.3 m 50%- H=20m 25%- H=40m
100_NS_sq 75_NS_sq 50_NS_sq 25 _NS_sq
100_NWSE_sq 75_NWSE_sq 50_NWSE_sq 25 NWSE_sq
Square " luF g ~'- N L
75_NS_rect 50_NS_rect
75 _NWSE_rect 50_NWSE_rect
Rectangle ‘ : 'i. , >
75_NS_trap_NE 50_NS_tr NE
75_NWSE_trap_NE| 50 _NWSE_tr_NE
Trapezium I '
Triangle

75_NS_trap_NW 50_NS_tr NW
75_NWSE_trap_NW| 50 NWSE_tr NW

<8

All the simulations have been performed with the prdgegsingversion 3.1 b), developed by the
National Remarch Council of Canada and the Fraunhofer Institute for Solar Energy Systems in Germany.
Radiandies, generated with the graphical interfadautnidesk Ecotect Anagsgisncluding the model

scenes have been importedaysinsoftware and dynaminadyses have been run, in order to collect

{;.

hourly data during the simulated year. At the end of the solving procedure, the rather large resulting files
have been managed with Matlab algorithm.

Daysinis a validateRadiandmsed prograifY], developed andalidated for daylight calculations of
complex transparent systel@ls that combines a backwaagtracing algorithm, a daylight coefficient
approach and the Perez Sky Model to simulate time series of solar irradiances. Two simulation methods
are allond: t he 0DS6 method and a revisedsdmeshaddadd
daylight coefficient model with overshadoyW@hd3oth daylight coefficient methods differ in how direct
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and diffuse irradiances are treated. DDS allows for a moeddstallysis of direct solar contributions
while sacrificing time and computing resolit€gs

Table26S e t

of Ortr ac e 0Rapiandmaseatesimaations. used for all
ambient ambient ambient ambiat ambient specular direct direct
bounces division supersample resolution  accuracy threshold sampling relays
163 1000 20 300 0.1 0.15 0.20 2
Table 26 details the final parameters forRdldiandesed simulations developed in the first and
second pat of the study. The set of

Ortraced parar
parameters used in previous works concerning the simulations of solar availability [10]: this choice has
been taken after demonstrating that this simplification dosf$ead the final results.

OAmbi ent bounces (ab)dé is the wvariable par ame:
number of diffuse bounces computed by indirect calculations. While in the first part of the analyses an ab

equal to 1 and a groundieetance of 0 have been used in order to consider only the effect of global sky
solar radiation, in the second part of the analyses a ground reflectance of 0.15 (corresponding to a

weathered asphalt) and an ab equal to 3 have been used for compuyiegoharitieflections between
the main and the neighbouring buildings.

Each set of simulation has been run with different orientation, so as to consider the solar exposure of
the buildings fagades, with respect to the directions of the roads: the iatitar vatues have been
calculated in North South (NS), and NorthwWest, South East (NWSE) orientations.

3.3.2.Sensitivity analysis

A sensitivity analysis

has been

carried out i
envelope: it is tlupossible to assess how the increase of resolution settings affects the accuracy of

in
simulation results. This analysis has been done on the base case (100_NS_Sq) with different sensors
distribution and hence different areas of influence.

1sensor 2 sensors 4 sensors 16 sensors 100 sensors 200 sensors 400 sensors
(100 M each) (50 n? each) (25 nteach) (6.25rAeach) (1 n? each) (0.5 meach)
Figure33 Subdi vi si on

(0.25 meach)
on

f ainflaedce aréa ofseach dersar.e s

indication of

73



Solar potential and microscale climate interactions in urban areas

Graph 9shows the results of the sensitivity analysis: the error (Err%), calculated as the deviation
between the solar radiation calculated on each grid and the one obtained on a referen@8 grid of 4
sensors, igisplayed as a function of grid sizenfd\/ A tacadd. As evident fronGGraph 9 (b), a grid
composed of 100 sensorsetMA racade= 1.0%) has an acceptable error of 0.15% and a convergence

speecdhigher than the one related to finer grids. (i.e. 200 and 400 sensors) and thus has been chosen for
the further analyses.

Graph9.(a) Results of the sensitivity analysis with different simulation conditions and accuracysanfstioéssérution; (b)
Enlargement of the sensitivity analysis{fA facads 6%).

2.00% | 2.00%
1.00% /L 1.00%
‘?;: 0.00% — z\:j 0.00%
0, 0, 0 0,
_1.00%0 20% 9%~7 60%—80% 100% _1.00%0 % 4l 6%
-2.00% A sensor/A fgade -2.00% A sensor/A fgade
-=-Global solar radiation - ab=1 -=-Global solar radiation - ab=1
Global solar radiation - ab=1: Ground refl.=0.2 Global solar radiation - ab=1: Ground refl.=0.2

—<Global solar radiation - ab=2
——Global solar radiation - ab=2: Ground refl.=0.2

—«Global solar radiation - ab=2
——Global solar radiation - ab=2: Ground refl.=0.2
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3.4.Results and discussion

3.4.1.Smulation of a single building - solar exposure

The first set of simulations has been carried out on a single building with fout diffeesnof
covering ratio Sc: 100 %, 75 %, 50% and 25% and Kk
The results of the simulations, expressed in term of global radiation (kWh/year), are summarized in the
column graphs of Fig. 2. In order to sglé global amount of solar radiation on building envelope,
contributions of vertical surfaces and of roofs are shown in the graphs. In this way different footprints
are easily comparable. On the NS orientation, the 50 _NS_Tr_NE (triangular footprintowith 50
covering ratio and NS orientation) has the highest global radiation, equal to 410,937 kWh/year (561
kWh/m2year), sum of 358,427 kWh/year on the facades and of 52,510 kWh/year on the roof. If only the
facadeds contri but i otue af annual salas iadladon ¢€382,196tkWhdyeah) isg h e s
obtained for the building 25_NS_Sq (square footprint with 25% of covering ratio).

Graph10(a) solar radiation analyses for different configurations of the volumes for N®ori@rtand NWSE orientation.
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On the NWSE orientation the building 25_NWSE_Sq (square footprint with 25% of covering ratio)
has the highest global solar radiation incidence (429,902 kWh/year or 52%&&h/end also the
highest incidence of sotadiation on vertical surfaces (403,647 kWh/year).

It is furthermore noticeable how, on an isolated building, the decrease of Sc is highly beneficial for the
increase of global incident solar radiation (for both the two exposures NS and NWSE):eanfincreas
about 40% of gl obal solar radiation incident on
increase of total exposed surface. Finally, it can be noticed how, keeping Sc constant, the most beneficial
solutions are the ones for which thelt@urface exposed to SE/SW is maximized (triangular and

trapezoidal versus rectangular and square).
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3.4.2.Simulation of the building in a district d solar access

In the second part of the study, a parametric analysis on the reference building includge in a si
district composed of nine buildings (108@axh) has been performed.

All simulations have been carried out in two different scenarios, in order to calculate the different
contributions of solar shadings and of indirect solar radiation reflectightnpuring buildings. Four
external cladding materials (green, glazing, concrete plaster and aluminium) have beematitaulated (
27). For the concrete plaster material, six different colours have been simulated, witle redlleetsnc
variable within the range 0.0% to 100%. The extreme values 0% and 100%, respectively for an ideally
totally black and ideally totally white facade, have been considered only as maximum and minimum

reference values.

Table27List of Radianceaterials properties.

Radiance
ST d(rens?:tr?p:it?cin (,;lfuvngltilirs refle}ztance reflect;:tance refle%tance SIpRELENY) REUEirees

Conc plaster 0% R void plastic 005 0.000 0.000 0.000 0.00 0.00
Conc plaster 30% F  void plaic 005 0.296 0.296 0.296 0.00 0.00
Conc plaster 55% F  void plastic 005 0.549 0.549 0.549 0.00 0.00
Conc plaster 60% F  void plastic 005 0.596 0.596 0.596 0.00 0.00
Conc plaster 90% F  void plastic 005 0.890 0.890 0.890 0.00 0.00
Conc plasterl00%  void plastic 005 1.000 1.000 1.000 0.00 0.00
Green facade void plastic 005 0.150 0.600 0.200 0.00 0.00
Concrete facade void plastic 005 0.549 0.549 0.549 0.00 0.00
Aluminum facade  void plastic 005 0.900 0.880 0.880 0.80 0.20

Glazed facade void glass 003 0.750 0.820 0.820 / /

The results of the analyses have been compared to reference case (NS_100_Sq for the NS orientation
and NWSE_100_Sq for the NWSE orientation): the percentages of variation of global solar radiation on
verticalsurfaceare collected ifable28andTable29.

The results show that the effect of the shadowing by neighbouring buildings produces a decrease of
the global solar radiation reachthe reference building facade of about 17% (100 _NS_Sqg 0.0% on
Table28andTable29). Furthermore the shadowing effect reduces the yearly global radiation on the most

exposed facade of about 27%.
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The shadowing effect is generally balanced by the diffuse solar radiation reflected by neighbouring
buildings: for the base case (square footprint with 100% of covering ratio), neighbouring cladding
materials with more than 60%areflectance are able to totally compensate the solar energy losses due to

the shadows.

Table28Parametric analysis of solar access on buildings in a district NS oriented.

Concrete

Analysis Shape %0% 30% 55% 60% 80% 100% Green Glazed plaster Alum.
efl. Refl. Refl. Refl. Refl. Refl. facades facades facades facades

100_NS_Sq -17% -9% -1% 0% 7% 14% -13% -9% -1% 9%
75_NS_Sq 5% 14% 21% 23% 32% 36% 9% 15% 21% 28%
75_NS_Rect 7% 15% 23% 24% 34% 38% 11% 14% 23% 30%
75 NS Trap NE  10%  18% 26% 27% 37% 41%  14% 17% 26% 34%
75_NS_Trap_NW 9% 17% 25% 27% 37% 41% 13% 16% 25% 33%
50_NS_Sq 40% 48% 55% 57% 66% 70% 44% 47% 55% 61%
50_NS_Rect 50% 57% 66% 67% 7% 81% 54% 57% 66% 72%
50_NS_Tr_NE 69% 78% 87% 89% 100% 104% 74% 78% 87% 94%
50_NS_TrNwW 68% 7% 85% 87% 98% 102% 72% 76% 85% 92%
25 NS_Sq 116% 122% 128% 129% 137% 140% 119% 121% 128% 131%
Table29Parametric analysis of solar access on buildings in a district NWSE oriented.

Analysis Shape %.0% 30% 5%  60% 80% 100% Green Glazed C&gg{:ﬁe Alum.

efl. Refl. Refl. Refl. Refl. Refl. facades facades facades facades

100_NS_Sq -18%  -10% 2% 0% 9%  13%  -14% % 2% 9%
75_NS_Sq 5%  13% 20%  22% 31% 35% = 9% 14% 20% 28%
75_NS_Rect 5%  13%  21% 23% 32% 36% = 9% 15% 21% 29%
75 NS _Trap NE 9%  18% 26% 27% 37% 41%  14% 17% 26% 33%
75_NS_Trap_ NW 8%  16%  24% 27% 35% 40%  12% 15% 24% 32%
50_NS_Sq 39% 47% 54% 55% 65% 69% 43% 47% 54% 60%
50_NS_Rect 61% 69% 7% 78% 88% 92% 65% 69% 7% 83%
50_NS_Tr_NE 68% 7% 86% 88% 99%  103% 73% 7% 86% 92%
50_NS_Tr_NW 64% 73% 82% 84% 95% 99% 68% 72% 82% 89%
25 NS_Sq 114% 120% 126% 127% 134% 137% 117% 119% 126% 129%

Also the building shape is greatly affecting the total amount of solar radiation incident on facades. As
for the isolated buildinghe increase of building height tends to increase the global amount of solar
radiation on vertical envelope, but the effects of reflections from neighbouring buildings are reduced with

a reduction of covering ratio. Extracting, for example, from Tabledstifts for the square footprint
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(100_NS_Sqg, 75_NS_Sq, 50_NS_Sqg and 25_NS_Sq), is evident that the increase of global solar radiation
on vertical envelopes due to reflections is reduced from a global 26% for Sc = 100% to a global 15.2%
for Sc = 25%.

Furthermore also the footprint shape has an impact on global solar access on buildings: generally for
both covering ratios of 75% and 50%, trapezoidal/triangular footprints are more beneficial than the
square/rectangular ones, due to the increase of the dagadrost exposed to solar radiation (SE and
SW orientations).

Comparing, instea@lable28andTable29, it can be recognized that the orientation is only minimally
affecting the global annual amounsalfr radiation on vertical surfaces (less than 2% of decrease for a
45° rotation of the district orientation).

In Figure34the distribution of global annual solar radiation on the most exposed facade is shown. In
these simulains, concrete facades have been used, as well as different footprints (square, rectangular,
trapezoidal and triangular) and covering ratios (100%, 75%, 50% and 25%) have been compared for a
district perfectly norteouth oriented. It is noticeable how the cr ease of facadeds
beneficial, increasing the maximum value of global specific solar radiation. Due to the effect of reflected
component, the facade strip between 15 m and 30 m has the maximum amount of global solar radiation:

this is eident looking at the elevation of 25_sq south facade.

® 975-1000
W 950-975
W 925-950
® 900-925
m 875-900
M 850-875
W 825-850
W 800-825
m 775-800

m 750-775
725-750
700-725
675-700
625-650
600-625

575-600

550-575

525-550

500-525
100 sq 75 sq 75 rect 75 trap 50 sq 50 rect 50 tr 25 sq

Figure34Concrete facades: distribution of glaratual solar radiation on theuBrexposed facadealues expressed in
kWh/m2y).

In Graphll globalsolar adi ati on on vertical surfaces of eac
is compared with the equivalent value on the 1iso
facadeds surf ace t hatcoveredsquare featptint iy notcdnsicbrabdy affected | y t
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by surrounding buildings: in this case the reflected solar components totally compensate the energy losses

due to solar shading

GraphllConcrete facadebbal and reflecteslo | ar r adi ati on components as a functi ol

district; (b) NWSE oriented district.
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== Building fagades in a disti== Reflection building fagades

== Building fagades in a district == Reflection building facades
--- Isolated building facades

--- Isolated building fagades

The contentf this chapter were presentedhe publicatioe n t i Distriet @eometry Simulation:
A Study for the Optimization of Solar Fagcades in Urban CanopyolL@@rat SHC 20120
International conference n Solar eating and Cooling for Buildings and Industifréam&a0 on the-9

11t July, 2012.
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3.5.Conclusion

The study has shown for different covering ratios and building footprints, how the distribution of the
volume is able to maximize the solar radiation on building envelope, pointing out the importance of
buildng facades, in terms of solar potential and energy production.

Different cladding materials have been simulated in order to consider the beneficial effects on total
solar energy due to reflections. Some general considerations can be drawn.

— Ifthebuildig6s volume i s kept constant, the sol ar e
facade is greatly affected by building shape: the relative increase of total annual solar radiation on
vertical surfaces, c h an g %tod5%) is upltal95% fpraselateio v e r |
buildings and up to 138% for surrounded buildings.

— The component of solar radiation reflected by surrounding buildings, globally on all the exposed
facades, is able to compensate the losses due to shadowing ifuighareopyovided (with solar
reflectance higher than 60%).

— Highly reflective materials beneficially increase reflected solar radiation, but visual and thermal
comfort assessment has to be carried pest: | oc
(as the ones obtained in the strip between 15 m and 30 m in the 25% covered square footprint
building) could cause overheating and glare effects, especially if the building has wide and
unshaded windows.

— Dark surfaces of surrounding buildings are migtreducing the solar access on reference building
(due to the minimal amount of reflected solar component) but are also potentially increasing the
UHI effect due to the increase of air and superficial temperatures. A good solution able to mitigate
the UH effects is the green facade, even if for the general aim of this study its contribution is
limited.

Still open issues are referred to the reduction of solar access of surrounding buildings due to the shape
modification of the reference building andhio relationship of solar access requisite with other urban
environmental issues (increase of cross ventilation due to the Urban Canyon effect caused by the
modi fication of the ratio between buildilngds h
temperatures, solar access of surrounding buildings).

Next steps of this study will answer to these issues as well as will consider the complex transformation
of vol ume and buil dingds footprint withlthe ai

transformations@rasshopper fon®eioSalapagandGecplugin).
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4. Solar geometric optimization parametric generative modeling
and dynamic sola analysis

Questions of the chapter

1. How is possible tmaximize the solar radiation of the buildirexisting urban area
2. How is possible tlocalize the best area for installing the solar systems on the facade

3. How is possible to panelling a complex surfaces of the fagade for installing the solar systems on
it?

Abstract

This chapter treats a part of@arch focused to study the parametric geometric transformation of the
building volume and modeling of fagade surfaces in order to reach the best solar geometric optimization
for maximizing the solar access of buildings in an existing urban distriatolaioteystems are
generally installed on roof tops of buildings located in low density areas due to the availability of
horizontal surfaces, but the developments of cities with tall buildings and the lack of available horizontal
surfaces have encouragbdtovoltaic integration on fagades.

The new policies of regulations to contain the
renewable resources suggest a conscious and responsible design process.

Within this scenario the main aim of #iigly is to find the way to improve solar energy capture in
the urban existing context. The study wants to localize the best areas on the facade surfaces to install the
solar systems and optimize the solar energy production in order to cover a pgyt dérmaads.

The optimization process starts from a simple-tineensional volumetric modelling, with fixed
parameters (height, floor area and volume of the building). Then fagade surfaces are manipulated in an
iterative parametric design process tluateathe solar radiation of different geometric transformations
using generative digital modeling softwRhddceros + Grasshoppérsolar dynamic simulation tool
(RadiantPaysimandDIVA ).

The proposed method is restricted to the relationshipdresotar access and solar applications, but
the further development of the research aims investigate the mutual effects among neighbouring
buildings in term of solar reflections and increase of superficial temperatures.

The global process has been vatiddit®ugh a case study, analysing a typical development in Milan,
involving the demolition of an existing building and the reconstruction of the same volume, with a solar

optimized shape.
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4.1 .Introduction

Nowadays European directives are focused on sasas acalysis in order to increase the potential
production of energy from renewable sources, anc
on climate and secure future supply of efi@bd81] Redevelopments, characterized by the demolition
of existing buildings and the construction of new ones with a higher volume and different shape, have
encouraged the integration of photovoltaic systems not only in horizontal envelopes) fadaalss.i

In this scenario, to increase the use of solar energy strategies (active and passive), the process of solar
technologies integration into buildings should start from the beginning of the design phase. Many tools
are currently available to rupraliminary analysis of solar radiation and solar access. Creating a map of
solar irradiances onto building fagcades, designers are able to identify the most suitable area for solar
systems' installation as well as calculate solar energy JG@IHi#a]§25]

Furthermore the value of annual solar radiation (along with its direct, diffuse and reflected beam
components) allows designers to identify solar energy andptasoptimize shading devices, in order to
respond more precisely to seasonal perform&e¢go]

The most of the tools already available are working in a design environment integragetiagith th
used CAD programs, but the issue of their accuracy should be arisen. For example, a comparative study
of several tools has been developed, in order to assess their numeric accuracy, reliability and
appropriateness for application in architectueadtipe[56] The study considered a wide range of
calculation approaches, from a simplified method wigkdyin practicAgtodesk Ecotect Anglysia
detailed validated hourly simulation (Manual Method in Excel), lerésglirce efficient algorithm
(GenCumulativeSkyPaysimDS (Daylighting SimulationDaysimDDS (Dynamic Daylighting
Simulation)). The results confirmed how the most integrated tools reported high accuracy errors (with a
Mean Bia&rror up to 50%), whilthe Radiandeased ones showed lower accuracy errors (MBS < 10%).
Moreover, the results clearly demonstrated that, being these variations crucial for the calculation accuracy,
the right tool should be selected early in the design phase.

Hence, these ressilopen the issue of how to manage accuracy problems of the existing approaches
adopted by integrated tools with the high demand from profession of complex geometric transformations
of external envelope.

Within this scenario, the general aim of this wdikprovide a new solar design approach creating a
new tool composed of a combination of generative modé&iagshopéi7), evolutionary solver
(Galapagf®8) and high accuraiRadiandeasedsolar calculator tooDéysinand DIVA [18). Starting
from urban fixed data, as footprint, floor area, height of storeys and building, and volume, the tool
optimizes the shape of the building using digital tools for a belteroa® sustainable design. The
innovation is in the possibility to formulate complex parametric transformations on 3D initial shape using
a generative modelling, maintaining all urban data fixed at the beginning for every geographic location.
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The integratin with aRadiancipe model will give to the designers the possibility to calculate, on
complex geometrical shapes, highly accurate values of solar radiation to be used for planning the
integration of active solar systems.

In particular this paper proesl a first feedback of the tool, in the case of assessing the influence of
solar access on the design of a nelgrelopment in an existing urban area.
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4.2 Material and method

The work here presented is part of a widgtysadiming to provide a new desigpreachfor the
assessment of solar potential in urban existing areas. In particular it is the prosecution of previous
parametric modellings on the relationships between simple buildings and districts. While in the first study
[59] a first optimization of the volume organization within an intervention of demolition and
reconstruction has been analysed for searching the shape with the highest solar access, in a second study
[64] a sensitivity analysithe levels of total solar radiation on external envelope has been carried out
for sever al buildingds geometrical transformati
the footprint shape and orientation of a reference building, cedsiitber isolated or included in a
simple regular district of nine buildings. After the first simulations, a more complex transformation
strategy, involving also complex transformations, was needed. The work here summarized aims to
describe the proceduradopted for integrating more flexible transformation strategies in the parametric
analysis of solar access on buildings, through the use of advanced modelling techniques. Furthermore a
validation of the procedure is here described, introducing the lgatordiitions of a real intervention
of demolition and reconstruction, where some restrictions to the general procedure may be produced.

A case study in the city of Milan (Italy) is here presented, and a parametric solar design approach is
described, in der to maximize the solar access and solar potential of a new development in an existing
urban area. The aspect investigated is the influence that building and facade design has on the total
amount of solar radiation incident on the external envelopa dhe @lated increase of efficiency of
building integrated photovoltaic systems (BIPV).

The parametric optimization process, that allows to guarantee the most solar radiation and to localize
the best areas of the facade for integration, starts fromitihlediesign scenario imposed by the
devel oper, with fixed parameters: number of buil
building. The parametric transformation examined in this case study, are the floor twist and the global
b ui Isdlope fyotn the vertical. In particular the floors twist varies from 45° west (Twist_W45) to 45°
east (Twist_E45) with steps of 15° (Twist W45, Twist_ W30, Twist_ W15, Twist_S0O, Twist_E15,
Twist_E30, Twist_E45), instead slope from the vertical directemutin(Slope_S), east (Slope_E) and
west (Slope_W) orientations varies from 0° to 20° considering steps of 5° (Slope_S5/E5/WS5,
Slope_S10/E10/W10, Slope_S15/E15/W15, Slope_ S20/E20/W20). These parametric transformations
follow linear equation values of twa&td movement deviation of the storeys, and permit new
developments of the study begun previously where the analyses have been conducted on a constant
volume, varying the covering ratio of the developg®wint

More specificallghe identification and parameterization of the building shapes is composed by

consequent and logical stages. Initially,-dimemnsional simple modelling is performed, as to create

84



Solar potential and microscale climate interactions in urban areas

restrictions and allow variations in building shape. In the seconthstag®jel is considered isolated
and geometric transformations (twist, slope, and twist + slope) are correlated to the solar incidence.
Finally the solar optimized shape is inserted in an existing district in order to calculate the solar radiation
incidern on external envelope and the mutual effects among neighbouring buildings.
The advantage of using the parametric geometric transformations is that permits a set of optimal
solutions, integrating generative design methods with energy performance ej@liafitie
introduction of generative systems, coupled with computational tools in the design process, allows a quick
exploration of a large number of alternatives, thereby increasing the chance of choosing the best solution.
Genetic algorithms and parametric systems constitute generative approaches capable of generating an
almost infinite set of variations, from which the best solutions can be §&écidée script can work
automatically fixinthe data input (urban fixed data) and solving vithlapag&yolutionary Solvée
solver combines all shapes until when it finds the best volume's transformation that optimizes the data
input. Alternatively the optimization could also be carriednanually, fixing the data input and
imposing the transformations. In this study the second approach has been selected, as a sensitivity
analysis of the variationd6s parameters was requi
The approach all ow t o r eac limetahddhe aunericamévauation on o
of the solar radiation insisting on the building envelope, in order to assess if facades can be exploited for
energy production in dense urban areas. The analysis of basic models allows assessing energy need an
calculatingpotential energy production under different design conditions (height and size of buildings,

distance between blocks, cladding materials, etc.).

4.2.1.Genarative modeling toa: Grasshopper for Rhinoceroand some its plugins

For developing the parametricngrmations of the volunteave been used the combination of
modeling and calculation todscomplete scriptdas beemone in order to joined the modeling tools to
calculation tools directlikbout Daysinmas been eamsively described in Chapter 2 vbele presented
a shortly overview on the modeling and calculation tools used for developing the new design solar tool.

Grasshopper
For designers who are exploring new shapes usemgtiyenalgorithm&rasshoppera graphical

algorithm editor tightlyintegrated withRhinoeréss -D &odeling tools. UnlikéRhinoeroscript,
Grasshoppequires no knowledge of programming or scripting, but still allows designers to build form
generators from the simple to the -avgpiring[71]. For a thorough overviewe on all potentialities of
Grasshopjiezasit o downl oad t We GtasshopperiP@emierre nit ti € | §48le ©i f i ¢
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One of the interesting aspectGrasshoppethat works wh many plugn developed by users and
they are free downlodable. In the script for a new solar design tool some of tiesaydugeen used

and below are presented shortly.

Galapagos
The term "Evolutionary Computing” may very well be widely kndka point in time, but they are

still very much a programmers tool. 'By programmers for programmers' if you will. The applications out
there that apply evolutionary logic are either aimed at solving specific problems, or they are generic
libraries that kElw other programmers to piggyback along. It is my hop&dlaiagedll provide a
generic platform for the application of Evolutionary Algorithms to be used on a wide variety of problems
by nonrprogrammergs7]

Any indepthanalyses abo®alapagasd the theory behind are repoedhe dedicated web page
on OEvolutionary Princie@l e applied to Problem So

Geco

The other plugn, calledGecowas very important in order to join the elod) tools, aGrasshopper
wiith solar simulation tool AsitodesEcoteétnalysis

Ecoteds$ a highly visual software for architects to work with environmental performance issues. It is
designed for early stages of conceptual design, and encoayagesiplierstand environmental factors
and interactions.

So making use @rasshoppes been developed a new interface n@eedvhich offers a direct
link betweemRhinoerdéGrasshoppandels andutodeskcoteétnalysis

The pugin allows you t@xport complex geometries very quickly, evaluate your deSigodesk
Ecoteétnalysiand access the performances data, to import the results as fedaitzdhtpper

This could be done as single process or loop to improve performance and toé aésidging in
the context of its environment.

The single results of the process could be savedRhgiderds the vertices of the analysis mesh to
store data for later use inside different design apprpéghes

Weav8Bird

Weaverbiigla specific pldig for subdividing any complex surfdeaverbiigla topological modeler
that contains many of the known subdivision and transformation operators, readily usable by designers.
Instead of doing the work repeatedlysametimes using complicated scripts, thisipliegonstructs

the shape, subdivides any mesh, even made by polylines, and helps preparing fo[f#&prication
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4.2.2.Solar dynamic analysis tool: DIVAor Rhino toolbar

DIVA for Rhin@onsists of a series of compiRiun@and nativé&srasshopgeripts that are accessible
within the Rhinoceroarbs for Windows modeler via a dedicated todld&A for Rhinchas been

devel oped by Harvard[75Uni versityds research group

DIVA for Rhinaises the following third party software:

Radian¢é6}
Evalglarg77}
GenCumulative SKy8}
Daysinir9]

|

The todbar was developed in order to bitediancBaysinand other daylightirgnalysis tools to
the Rhinoceresvironment, avoiding the necessity of exportingRtieomodel to AutodeskEcotect
Analysjsand thereby making validated daylighting analysiscnessible, easier to use, and less likely to

be compromised by user error.

The toolbar works as follows: the user creates d uosiag standarBhinanodelingmethods. The
user then selects a surface or series of surfaces from which segisomddes will be generated. The
toolbar, which is displayed like otRéindoolbars, can be used to setup and perform the analyses. The
final results are eithimnages generatedRadian@nd displayed a separate image viewer, or consist of a

grid of fale-colored panels with accompanying legends.

For any other details VA for Rhina s avail abl e the DIQAforRhinoSt ar t
Tool bardé directly downfBDlodabl e on the specific we
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4.3.Theory and calculation

The facade optimization model considers three orientations (south, east and west) and consists in
consequential and iterative steps, using a combination of design and analysis tools, FEigsted&n in

After selecting the beshape, the threfmensional model is put in the district, in order to calculate
the total solar radiation incident on its building envelope, taking in account also the mutual effects among

neighbouring buildings in term of solar reflections, oversingdeffect and albedo.
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Figure35Flow chart of the optimization process using a combination of modelling and solar simulation tools.

As mentioned before, the calculation of the values of solar radiation incident on ex@é&pal env
have been performed with the progmaaysin{version 3.1 b), developed by the National Research
Council of Canada and the Fraunhofer Institute for Solar Energy Systems in (Baysang. a
validatedRadiandmsed prografpl] validated for complex daylight calcula{d®jsin a previous work
[8], Daysinprogram has been adopted and validated for a similar case of calculating solar radiation values
on external envelope. Among the twoutation methods allowed, calculations have been performed

with the DDS model, allowing for a more detailed analysis of direct solar [4di§E6h

Simulations have been carried out in twerdiit steps: in a first part, the global annual radiation on
the building envelopes has been estimated, in the hypothesis of simple isolated volumes, in order to
optimized solar design; in the second part the analysed volumes have been includedsiimgp an ex

district of medium density area located in the-mash of the city of Milan.
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Table30S et tafac®ro par a nRadiamdeesed simubatbnsf or al |

ambient ambient ambient ambient ambient specular direct direct
bounces division supersample resoldion accuracy threshold sampling relays
193 1000 20 300 0.1 0.15 0.20 2

Table 30 details the final parameters forRRaldiand®msed simulations developed in the first and

second part of th&tudy. The selection of these parameters hasdligleted in a previous w¢ad]

Table3Lllist ofRadiangeaterials for simulation phase 2.

Ranlemee Number of R G B
Material dma‘?”‘?" values reflectance reflectance reflectance e
escription
Conc plaster ™ R void plastic 005 0.760 0.760 0.760 0.00 0.00

In Table31, a list of radiance materials adopted for surrounding buildings is included. liar @dirticu

the external surfaces of neighbouring buildings have been treated with an average colour (grey) of existing

districts.
All the simulations have been carried out using statistical data recorded for the citlylalpdiiaa
Airport (latitude 45.2M, longitude 9.11° E) usikmergyPlusather data climate file

4.3.1Descriptionof Gr asshopperd&ds script

In this paragraph is shortly described3tesshoppes  itiom fisedfodeveloping a tool in order to
modify the volume by generative parametraetitg transformations.

A Grasshopjppiefinition can consist of many different kinds of objects, but in orgletr startedt is
necessary onty familiarize with two of them:

— Parameters

— Components

Parameters contain data, meaning that theyssiffreComponents contain actiomseaning that
they dostuff. EachGrasshopppes 0 b j seneetinpuh aandl ceitput parametarbase to its function

The all specific details abdbtasshoppes obj ect s are expl ained
tut or i alTheeGnasshopderePdemiern it s gfeci fi c website

TheFigure36showshe complet&rasshoppesr def i ni ti on of the enti
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Figure36 The canpleteGrasshoppes def i ni t i o n (orotfie right) &d ies nisualizagorRidinocem@aviformmtent
(on the left)

In particular, analyzing each part of this definition, is possible to isolate the main important sections in
order to simgty the total process.

| =g
Qusnp

<—!~:~_:
; ‘ X

PCen]

[ O ] (Y e Y-
g N ) G N
K
=
v
v

Figure37. On the left are underlidié green the list of the urban fixed data in following order: Curve, Ground floor scale factor,
Building height scale factor, Storey height, Number of storeys.
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Inthe firstd ef i ni t i on & sthem &rthe list 0btherbantixed dataFigure3?7) and the
parameters ofransformationgFigure 38). The parameterso | i st i's comp
pemit to changes the values of each parameters from the laypgetdimit fixed by the user. The
domain of the vaks can be choose among three options: ihéxtlti der 6s def aul t val
set to Flating Point (which results in a decimigheric value) that is possible to change Integer, or

in anywhole number

[ o045

18198.500 O

181965000

Figure38 On the left are underlined in green the list of the parameters of transformations: Base rotation, Top rotation,

Movement deviation diie storeys X axis, Top rotation, Movement deviation of the storeys Y axis.

All of these parameters are linked to other diffésessshopmiafinition objects which allow the
parametric transformation: for exaenplt he o0 s c al e 6 theldimensidrin af directolot t 0 s ¢
the geometry objecctGrashapmebij aceéd 1 o0osthaeaposcalar ami
geomg®),r ytthe o0CenCmmdoft hec al&ic e asputputgparameters it has

the O0Scarly¢(@ameomee O0Tr a®&flom mahi o nt ldat ads e, t he

used in order to scale the geometry of the flo
geometryoé (G) i nput parameterisxedVhtt he & AveraagoeCe
verticesodo (Cv), of the oOoOPolygon Centero6 object
(average) for a polyline, of thepst aparageféopor

factor 6,t measi npiuntk eodf ur ban fixed data called 0Gr
0Slide numberdé, that allows to choose the approp
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size of the floor area is an offf@m the site constation. TheFigure39 shows the process just
described.

Ground floor area
D 5. 95818

Figure39 In green is underlined the 0Scaled6 component describe

As ot her e x a ngbjecethat itisha enatiiemaicalgfundijaillows to create a range of
numbers: the numbers are spaced equally inside a numeric domain, and the use of this component is
useful if it is necessary to create numbers between extremes, or for controlling over the interval between
successive numbers, i shoul d be using thegéédeinpsd® pampmect:
O0Dbmain of nymériann dmbree @NN)s,t ewplsiél e t he unique o
numb e r lathiscasBin Figure4(, is reportedhe process to create the twist of the storeys

A 'ﬁa I

FiguredQ In green is underlined the ORange6 component describe
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The 1 nput transformation data are thedintaBBase r
oDomain6 object, as ostarté (A) and oendd6 (B) n
ONumeric domain)be(WegentpA)b@inlddihBgd < asteo rag yes .t h/
the output of theRabDgemadbpéctsi opet pfi bhehbds case

of numeric rangedé (D), while the o06Slide numberad
stepso6 ( N) of the ORanged6 object. Fo-tandhdra s i npt
indicated with a star, in order to exclude the

out put of the 0Ran g effcach storefigurelile in thia gpde ¢he total ingle aft at i ¢
rotaionfran 0OA of the ground floor to 45A of the top
object.The otheiGrasshoppes obj ects are the same | ogic constit

/

D (0:0)

f_iJ 00.0

1 -2.368421
2 -4.736842
3 -7.105263
D 4 -9.473684
5:=11.842105

=

6. -14.21052¢6

‘ | 7 -16.578947
I 01| 8 -18.947368
= = = -

= “.q 9 -21.315789 D
10 -23.684211
11/-26.052632
12 -28.421053
13-30.789474
14 -33.157895
15/-35.526316
16 -37.894737
17|-40.263158
18 -42.631579
19 -45.0

Figuredl In green is under ltationed t he all angles of storeysd ro

Then he parameters are linked with an important specéfsshoppes otbh e cd Grpappehr 6m

In Figured42there is one example of this object.

0Grasph mapper o6 object all ows [Klandfyedommamsacia set o
graph function are unit domains [0.0 ~1.0], but
mapper can contains a sigle mapping function which can be picked through the context menu. Graphs
typically have grips (little at@s) which can be used to modify the variables that define the graph
equation] s possible to activate the o0Graph Editord
mapping function as well as one i mpthesafalomng set t it
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options: ONone, Bezier, Coni c, Gaussi an, Linear
Square Root 6.

10:0}

Figured2 | n green is underlined the 0Graph Mapperd component

That, in thesituation reported on thiéigure43 al | ows t o change the steps
from the bottom to the top following the functd.i
object.In this case the graph type choosas linear.

{0;0}

00.0
1 -2.368421
2 -4,736842
3-7.105263
4 -9,473684
)| 5 -11.842105
| 6 -14.210526
-16.578947
-18.947368
@ Enobled -21.315789
Wire Display » ) -23.684211
Disconnect » | -26.052632
-28.421053
-30.789474
-33.157895
-35.526316
-37.894737
-40.263158
-42,631579

None

Graph

Reverse
Flatten
Graft

Simplify

ERE®

Locked

Default

‘ Graph types v

@ Hep..

Bezier

Conic

Gaussian

Linear

Parabola

Perlin

Power

\

BREPERERNNEED

Sinc

Sine.

the 0Graph Mapperé6 component w

Sine Summation

|

e 5

=

Figure43 I n green is underline

Square Root
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Connectedhe all parameters and comporeerd created the all linkem them in order to permit
the shape transfortians, the Galapagptugin has been introduce@alapagasks to fix two different
parameter s: define the numbers that represent tt
0Genomebd. I n or der Ghlapagosquirda ansngletgtarmeterovbih provides a1 0 ,
fitness valuen this script the fitness value is the volume of the building, giventhat the ni tis onds ¢
to modify the shape of the building alwmantaining the same volundes Galapagaans, it will
attempt to maximize or minimize the fitness.

For setting t hGalapag@samo noepde riarn guto,n any number of
possible to assign certain sliders t@Glepagosbj ect f or them to become pa
better to Imit the slider range as much as possible, as this reduces the size of the search space. In ths
definition, as sliders of 0Genomeo, t he sl ide
transformations have been choosen. In this way the shape of thg bhddmes varying the values of
slide numbers, but its volumes remains always the same because was fixed as tlgafapagbof
function.The all process that has just been described is summarizé&igneidd.

Desired volume

AT' -
/ | < [ TR
_ (3 [
Figue 44. I n gr een iGalapagpsdceamhp cnreedn tt hdee socr i bed above.

The last two most important parts that are necessary to described in order to provide a shortly
overview of the entire process are the way to export theegangael created with generative modeling
tools: the way to create the mesh in order to run the insolation calculation and the way to link and export

the model from the modeling tools to the solar simulation tools.
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After definingthe surfaces of the buidg s using the o0Loftoé object,

through a set of section curves, with o0Cap Hol es
case Building A irigure45) .

Figured5 I n green is underlined the oLoftdé and o0Cap Hol esd con

Thank totheWeaverBdds Ed g e s  C oigpssiblectavisualize the wireframe representation of
a mesh |inking the mesh created on the input par

Figure46 | n green is underlined the O0Mesh UV6 components descr
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Regarding t o fshseful mesdéarlhesthacwéekedf oam 0S|l i de number
managing the roof me s hnd( 0dJt Rorof bwanfdoro VmRoadiong
(U_Facadesd6 and oOoOV_Facadeso6) with two o0Mesh UVO
l inking respectively the U 0slide numberdé with
direction mn number of quads indicated on the slide number linked, and the same palo$srishe
V direction. Thé&igure47shows the process that has just been described.

83 £ages Companent (whEdges)

5 P ek yre recresertanon of o mesd

Frovadad by Wewverfird

IU o —y '

Vbacades| © 14 )

Figured7. In greenisunderlide t he OMeshdé and OEdges componento6 components.

I'n this situation the mesh of the buildingds r
in V direction, while each fa-adeds surface of t
qguads in V direction, asFiguedbi cated in o0Slides nu

Finally was written the part for exporting the geometry models&SfiasshopperAutodesk Ecotect
Analysis 20lthroughGecoln particular was used theE c o Me s hExport 6 obj ect in
attached mesh data #gautodesk Ecotect Analysis®20ldd t he OEcoSol Cal 6 obj ec
incident solar radiation levels (insolation) over either the current analysis grid of objects within the model
After setting the al/l parameters and |l inking al/l
Autodesk Ecotect Analysis 2011

Furthermore in this way is possible to run the insolation calculation directiréeshopper
uploading the vagher data climate (the yellow rectangular iRigee48) typical of the region that the
site construction is located.

97



Solar potential and microscale climate interactions in urban areas

o
ey B0

= > | —T=
a —

2 Ecolink {Link Ecotect)
vk of 31008 your wiialled Autodesk Ecotect Versson 20702011}
o1

Figure48 In green is underlined tgasshoppes o bj ect s febtoAutbdesk EdotacyAndlysimpdldtartthg the

insolation calculation .

At this time the model is exported iAtmtodesk Ecotect AnalysiseROt@nment, as showskigure
49 and the scene of the entire district mddideconsitituted by surfaces and the solar optimized
buildings are composed by mesh: the solar simulation was run direcHsafsimoppsing the object
of O0EcoSol Cal é that was presented above.

OBJECT ATTRIBUTES
Total Absorbed Rad ation
Pron 3400 3o M

WIB2 (THENMALY
Lo o S
esey
DOE-2 7 oQuest
SUEM / SAP2005
NIST FDS (CFD)
ML File

Figured49 The result of themo d e | 6 s  eGxapshoppierAutodesknicotect Analysisa2thilthe insolation calculation for
the Building A run directly fro@rasshopper

98



Solar potential and microscale climate interactions in urban areas

Now the model is ready for more detailed analysesfustuigsk Ecotect Analy$is exporting the
geanmetry inDaysinm order to run the solar dynamic simulation.

In this section was given a brief overview aboubtasshoppes def i ni ti on and its
important aspect was to demonstrate that was possible to build a sort of a tool peronis|die
parametric transformations in order to improve the solar exposure of the building facades that was the
goal to achieve after the first part of the study described in chapter 3.

However this scripgtan improve much more especiallyidensg thedifferent goalof he bui | di ng
optimizationn t wants to achi eve: in fact is possible t
parametersd® values that the users fi x &aapagasr mai |
changinghe others linked with.

Therefore this script represents an example of a good way to use the tools avaitdiilecter a

urban planners and enginéergrder to develop@nscious and sustainable urban and building design.
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4.4 Results and discussion

The case study analysed is representative of a typical development in the city of Milan, consisting in

the demolition of an existing building and on the reconstruction of the same volume, but with a different

shape

A first design scenario, not alreadynaigéd for solar purposes is compared with several scenarios in

which each volume has been transformed for searching the most efficient solution. The actual design

scenario is composed of two buildings: one 20 storeys residential building (buildinguA}b 60 ab
each floor for a total volume of about 28508nu one 8 storeys residential building (building B) of

about 450meach floor, for a total volume of about 9000mFigure 2 a 3D view of the area of

intervention within the city of Milan is shown

4.4.1.Solar geometric optimisation of isolated buildings

The first analyses have been conducted on constant volumes for buildings A and B. Starting from the

initial shape, different combinations of parametric transformations have been tested: Twis{§)), Slope

and combined Twist and Slope (T & S). A scheme of single parametric transformations types are

summarized in theigure50.

(gl Twist West Twist East Slope South lgae Uiz Vet el
Shape East Slope
Slope of the Combination
. Slope of the :
e | winoutany| R8O | oo o | %680 107 agades an s 2SN,
transformati A o the roof from . . o | or west direction
on 15° to 45 15° to 45° eas direction 5 5° to 20° fom and east/west
west to 20° from the vertical direction
the vertical
Building A
Footprint: 570 h
Floor area: 5702m
Height: 50 m ( )+l | (| ;
Volume: 28500 #n \L/ kl-/ &ij \‘J-/ \—4-—/
Total surfaces areq 5535 M 5586 i 5586 ™ 5765 5647 5993 ™

BuildingB
Footprint: 450

Floor area: 4502m

Height: 20 m
Volume: 9000 #n

Total surfaces areq 2300 2476.5h 2476.5h 2336 M 24175 2630 M
S S5 S_ W53 S E5
Transfor i T_Wi5 T_E15 S_S10 S_W1®S_E10 T_WIE15/45
0 T_W30 T_E30 0S_S5/2®
I T W45 T_E45 S_S15 | S WIS E15 o yyr5ing
- - S_S20 S_W2® S_E20 -
Figure50Su mmary of buil dingbés constant data and

twist and slope.

parametric
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Afterwards, thduildings (both the ones of the initial design scenario and the solar optimized ones)
have been included into a distriGg(re5land Figure52) in order to compare the different scersari
and estimate the overshadowing and reflections effect from the neighbouring buildings and ground
reflection contribution in term of solar radiation increment.

Figure51 Shadow range attual design scenario Figure52 Shadow range of solar optimized design scene

Analyses of an isolated building

The first set of simulations has been carried out on the isolated buildings A and B. The results of the
simulation expressed in term of annuddayladiation (kWh/year and KWh/m2year), are summarized
for the building A in th@able32and for the building B in tAeable33

The data included in the tables, collecting the most significantofethdtsimulation performed,
show the highest annual solar radiation values for different types of parametric transformation. The codes
created specify the parametric transformation have been done: on every code is indicated the first type of
transformatio (T for Twist or S for Slope), its direction (S for South, W for west and E for east) and the
amount of transformation (from 45° west to 45° east for the twist transformation and from 0° to 20°
from the vertical direction for the slope transformatioh)pektentages of radiation increment have
been compared to the value of the initial building shape considered as reference case (0).

Some limits of the parametric transformations have been adopted, in order to generate real, buildable
and stable configurab n s : the maximum slope (20A) has beer
barycentre always projected inside the building footprint, while the maximum rotation has been limited to
45° in order to limit the relative rotation between each floor.

From theanalysis of the followirkable 3for the building A, is evident how simple transformations
of twist and slope are not able to provide relevant increases of the levels of incident solar radiation, while
the highest increase is due to the combined sldpevish transformations. The maximum values of
incident solar radiation is reached for the configuration that have both a twist of 45° on west orientation
and a double slope of 20° on south and east. This is not only depending on the increase @& the averag

superficial solar radiation (9.2%), but also to the increment of the total exposed surface.
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Furthermore, it is crucial to note that very complex transformations have a high impact on the losses
of usable floor area, with up to 97 st over 11400 tfa percentage of about 8.5%).

Table32Building A. Results of solar radiation analysis. ES: total exposed area (external envelope). L: loss of usable floor area. R:

total solar radiation impacting on external envelope. RA: asdaagalmtion on external envelopepercentage of variation

of solar radiation.

. Ra[kW . Ra[kW
Parameta R [kWh/ Parametric R [kWh/
o Est Lmg RIO nmy o | PG Esimd L L may o
0 5535 0 2881181 521 0.0%

T W45 55864 287.3 2951721 528 2.4% S_S5 5549.1 743 2953795 532 2.5%
T W30  5558.0 194.2 2926737 527 1.6% S S10 5591.8 151.8 3039105 543 5.5%
T W15 5540.8 95.0 2903536 524 0.8% S_S15 5664.7 232.6 3134549 553  8.8%
T _E15 5540.8 95.0 2876193 519 -0.2%| S_S20 5770.7 3165 3262099 565 13.2%
T _E30 5558.0 194.2 2873811 517 -0.3%
T _E45 5586.4 287.3 2875658 515 -0.2%

S_W20 56495 6517 2018788 517 13% | o agy 57943 6862 3287390 567  14.1%
S W15 55980 4788 2896639 517  0.5% T_Swggo& 57805 685.6 3274406 566  13.6%
S W10 5562.6 312.6 2888659 519  0.3% T—Swégo& 57730 6684 3262099 565 13.20%
S W5 5541.8 153.0 2882033 520 0.0% | 0&S_20 57707 3165 3262099 565 13.2%
S_E5  5541.8 153.0 2898394 523  0.6% T§E§52§‘ 57730 668.4 3241009 561 1296
S E10  5562.6 312.6 2919482 525  1.3% TEE‘;%g‘ 57805 685.6 3232408 559 12.20%
S E15 55980 478.8 2943726 526  2.2% TgE‘é‘zg‘ 57943 6862 3225093 557 11.9%
S E20 56495 6517 2979663 527  3.4% |

T W45 & T W45 &

S S208& 58514 763.3 3286125 562 14.1%| S.S20& 5993.0 9635 3407463 569 18.3%
S W20 S_E20
TW30 T W30 &

&S S20& 58461 803.8 3285195 562 14.0%| S S20& 59555 9711 3391399 569  17.7%
S W20 S_E20

T W15 & T W15 &

S S20& 5859.1 8757 3287481 561 14.1%| S S20& 5918.7 961.0 3373501 570 17.1%
S W20 S_E20
0&S. S20 0&S.S20
26 W0 58852 9287 3285926 558 14.0%| o poo 58852 0287 3349341 569  16.2%
0 & 0&5 520

S S20& 58852 928.7 3349341 569 16.2%| &S W20 5885.2 928.7 3285926 558  14.0%
S_E20

T E15& T E15&
S S20& 5859.1 8757 332458 567 15.4%| S S20& 5918.7 961.0 3287093 555  14.1%
S _E20 S_W20
T E30& T E30&
S S20& 5846.1 803.8 3296062 564 14.4%| S S20& 59555 971.1 3287206 552 14.1%
S _E20 S_W20
T E45& T E45&
S S20& 5851.4 763.3 3273265 559 13.6%| S _S20& 5993.0 963.5 3288017 549 14.1%
S E20 S W20
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From the analysis of the Table 4, the highest value of the solar radiation for building B has been
obtained for the building with a twist of 45° on west, and a combined slope of 20° both on south and on
west. From the calculatioitgurns out an increase of about 24.1% of the solar incident radiation if
compared with the undeformed building.

Table33Building B Results of solar radiation analysis. ES: total exposed area (external envelope). bidogsoofarea. R:
total solar radiation impacting on external envelope. RA: average sabar saddaternal enveloge. percentage of variation

of solar radiation.

; Ra[kW . Ra[kW
Parametd R [kWh/ Parametric R [KWh/
transf Es[md] L[] [yr] himzy  n(%] | st Esimd L[md [yr] h/ SnZy n [%]

]

0 2301.3 0 1270337 552  0.0%

T W45  2476.4 304.92 1414415 571 11.3%| S_S5 2334 19.32 1299153 565 2.3%
T W30 2383.3 205.1 1350343 567 6.3% S_S10 2309.8 39.48 1328188 575 4.6%
T W15 2322.6 103.6 1300252 560 2.4% S_S15 23206 60.48 1357591 585  6.9%
T E15 2322.6 103.6 1272701 548 0.2% S_S20 2336.2 82.32 1387265 594  9.2%
T E30 2383.3 205.1 1303590 547 2.6%
T _E45 2476.4 304.92 1354602 547  6.6%

S W20 2417.6 2744 1326154 549  4.4% T_Swggo& 25203 381.59 1520395 603  19.7%
S W15 23655 201.6 1298260 549  2.2% T_Swggo& 24236 286.89 1460750 603  15.0%
S W10 23294 1316 1282550 551  1.0% T—Swégo& 23501 189.25 1414664 600  11.4%
S W5 2308.3 644 1273108 552 02% | 0&S_20 23362 8232 1387265 594 9.2%
S_E5 23083 644 1280012 555 0.8% T—SE?ZS‘ 23591 189.25 1390759 590  9.5%
S E10 23294 1316 1295818 556  2.0% Tfé%g‘ 24236 286.89 1419492 586  11.7%
S E15 23655 201.6 1318233 557  3.8% TSE‘égg‘ 25203 38159 1464384 581 15.3%
S E20 24176 2744 1352230 559  6.4%

T W45 & T W45 &

S S20& 2632.9 45657 1577114 599 24.1%| S_S20& 25625 42081 1550679 605  22.1%
S W20 S_E20

T W30 T W30 &

&S_S20& 25496 458.05 1526048 599 20.1%| S S208& 24864 35119 1506494 606  18.6%
S W20 S_E20

T W15 & T W15 &

S S20& 24881 392.64 1481806 596 16.6%| S S20& 2449.8 339.59 1480435 604  16.5%
S_ W20 S_E20

0&S. %0 0&S._S20

26 Woo 24525 37107 1447823 590 14.0%| Ggppo 24525 37107 1474275 601  16.1%
0 & 0&S_S20

S S20& 24525 371.07 1474274 601 16.1%| &S_W20 24525 371.07 1447823 590  14.0%
S_E20

T E15& T E15&
S S20& 2488.1 392.64 1483963 596 16.8%| S S20& 2449.8 339.59 1431768 584  12.7%
S_E20 S_W20
T E30& T E30&
S S20& 2549.6 458.05 1507674 591 18.7%| S_S20& 2486.4 351.19 1444080 581  13.7%
S_E20 S_W20
T E45& T E45&
S S20& 26329 456.57 1539507 585 21.2%| S _S20& 25625 420.81 1477949 577  16.3%
S_E20 S_W20

103



Solar potential and microscale climate interactions in urban areas

However, as shown in Figure 6 and Figure 7, due to construction problems (due to the intersection of
the proposed new building with the existing neighbouring buildings), this solution has been discarded and
a final transformation with a twist4%° on west and a slope of 20° on both south and east orientations
has been chosen as the most efficient solution. Also in this case, the increasing of value of total solar
radiation incident annually on external surfaces is due not only to the intheageeofge superficial
solar radiation (9. 6%), but also to the increase

P —
Figure53 Point of interpenetration among thodmensional Figure54 Scenario without any interpenetration among
models of new (in orangedaexisting buildingé white). and existing bldgiings threelimensional models

Also the transformed building B is affected by the same problems found in building A of reduction of
the tdal usable floor area. In this case, the amount of indoor usable surface lost is up to 460 m2, over
3600 m2 (12.78 %). The higher impact suggests managing carefully complex transformatisas in low
building.

Another potential critical aspect of this rapph is revealed ihable 3 and Table: 4ll the
transformations produce an increase of the total surfaces area. This is affecting not only the capacity of
the building to capture solar radiation, but also the potential heat losses and gains thmoalgip¢he e
This issue could be solved with a more integrated simulation approach in which the solar optimization is
only one component of the overall energy use optimization of the building. This is the general aim of the
study, but limitationsincomputerpcessor 6s speed have bmaametrit he cal

optimization.

4.4.2.Analyses of thasolated optimizedbuilding in serteda district (solar access)

In the second set of simulations, the initial buildings shape and the solar optimize® buitdings p e
obtained from the first set of simulations have been modelled as included in the district, in order to
calculate the effects of overshadowing and of the indirect solar radiation reflected by the neighbouring
buildings.

Several different configumats of the district have been analysed:
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— A first configuration (scenario 1) in which the variation of global solar radiation on building A has
been calculated in the hypothesis of a non optimized shape.

— A second configuration (scenario 2) in which thdiwaria global solar radiation on building B
has been calculated in the hypothesis of a non optimized shape.

— A third configuration (scenario 3) in which the variation of global solar radiation on building A has
been calculated in the hypothesis of an githshape.

— A fourth configuration (scenario 4) in which the variation of global radiation on building B has
been calculated in the hypothesis of an optimized shape.

All the scenarios have been compared with the reference cases (0) of either isatated douil

isolated building B and the percentageudétion has been calculated.

Table34 Parametric analysis of solar access on building A and building B included in the district.

Scenario ab gr. refl. k;/(\algi kV;g;TZ v ;g:%ir({)& ]
Scenario 1 3 0 3012945 544 4.6%
Scenario 1 3 0.15 3229624 583 12.1%
Scenario 3 3 0 3656858 610. 26.9%
Scenario 3 3 0.15 3911416 653 35.8%
Scenario 2 3 0 1068820 464 -15.9%
Scenario 2 3 0.15 1173885 510 -7.6%
Scenario 4 3 0 147226 559 15.9%
Scenario 4 3 0.15 1607978 611 26.6%

Every scenario has been analysed with different parameters of analysis: the first with ab equal to 3 and
ground reflection of 0, to calculate only the solar reflection effect by the neighbouring bnddings
second with ab equal to 3 and ground reflection of 0.15, to calculate also the ground reflection
contribution. The results of the analyses are summarizduarb

Focusing on the building A, while the solar optimized isolated shape (T_WSX0&&S5 E20)
gains a 18.3% if compared with the unmodified sh
contribute for a further increase of 8.6% (tota
ground reflections contribute fan increase of 17.5% (total gain of 35.8%). Focusing on building B the
percentages of increase are 22.1%, 15.9% and 26.6% in the same conditions (isolated, included in the
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district with only the contribution of neighbouring buildings, included in thet digth both the
contribution of surrounding buildings and ground).

The results show that for the building A the overshadowing effect is not such negative as for the
building B, but both for building A and B the ground reflection contributions alleemptetely

compensate the | osses due to the districtds shad

Figure55 1 rr adi ances6 values «Figue56!l rr adi anc e e éntre didtrict enssole

design scenariDVA simulation) optimized scenari®(VA simulation)

The contents of this chapter were presentéde publicatiore n t i Wrbae sblar alistrict: a case
study of geometric optimization of solar fagades for a residential building a[84ilah.®lar 2012
Conferencén Melbourneon the 67t December2012.
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4.5.Conclusion

The study has shown that the optimization of building shape can have dramatic effects on the
improvement of the solar radiation on the facadesdver, the boundary conditions for the building
designed have to be carefully evaluated: the indirect ground reflected solar radiation increase has to be
compared with the losses due to overshadowings created by the neighbouring buildings. Regarding the
issue of building integration of solar system and their related energy production efficiency, an appropriate
type of solar or photovoltaic panels has to be chosen, depending on the highest amount of the different
solar radiation contributions (direct, udi#f, indirect). Furthermore this study permits to localise the best
areas for installing the solar systemsDaeiyisirsimulation and Matlab function is possible to extract the
amount of annual solar radiation of the most irradiative sensors on tlse facade

Next steps of the research will analyse more complex transformations, d&meg@mequations
(parabolic, bezel, conic transformations) . Furth
out, as well as the related assessment afesitEmperatures increase effects on the facades, due to the
integration of solar systems.
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5. Paneling surfaces and energy production

Questions of the chapter

1. How is possible to panelling a complex surfaces of the facade for installing the solansystems o
it?

2. How much energy is possible to produce installing the solar systems on the facades?

Abstract

Nowadays the architectusegoingmore always towafteeform surface Thetendency to apply the
freeform shape in a large scale in architecture crigpigisalienges to the industrialization of such
structures. The most important aspect is study the way to approximate the design surfaces by a union of
all patchesor better known as panél$ie process of freeformmu r f parelng i more complex and
implies sophisticates studies from the beginning of their design to the phase of their production and
applicationThe manufacture technologies currently existing can permit to produce the panels with a
selected technology at reasonable cost and to ableieesthetic quality of parajout and surface
smoothnes82] The creation of moulds is the most indust
panels. Given that the cost of mould fabrication is often domindtespianel! cost, it should be better
to use the same mould fadltiple panels.

This chaptediscuss the problem of covering a freeform sutfagearticularare showmossible
ways whichs possible to subdivided therface of theBuildindhd s  f aptimizetl dor capturing as
much as solar radiation possible in the case study of the city of Milan in orddrthe isslat system
panelson it.
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5.1.Introduction

Modern architectures moving towarddifferent kinds of geometric primitivestil the freefom
shape into simpler parts for the purpose of building constructiothg=amajor kinds of finishing
materials, aglass panels, wooden panels, metal stteetssed for covering the facadasis very
expensive to prodageneral doubtairved shape8 most commonvay is to use approximation by flat
panels, which most of the timre &riangulaf83]

Freeform shapes have more a more increasingly importance in contemporary architecture. In the
current scenario, where thex@mative parametric architecture is developing more and more every day,
contemporaneously to the aesthetic taste towarc
how procedfrom a geometrically complex design towards a feasild&@dable way of production
The paneling problem can arise both for the exterior and interior skinudéling, and plays a central
role in the design specification plesany architectural project involving freeform geor@ty

This problematic becomes more relevant when it wants to install the solar systems on the facades. In
spite of freeform surfaces could permit to maximize the solar radiation harvest from the fagades, it
remains complicated to exploit the maximumiefity of the solar system, but first of all to solve the
problem of their installation following the complex pattern of a freeform surface.

However nowadays many innovative technologies are going towards the creation of a flexible solar
systems the permito apply the solar cell on any surfaces.

In fact in the market today exist organic, inorgant organinorganic solar cells that can be
deposited over flexible substrates by-thighughput (often rollo-roll printing) technologies to afford
lightweght,economic solar modules that can be integrated into, not installed on, various surfaces.

Current conversion efficiencies under standard conditions are i@18% fange, but in real
applications the overall productivity is high.

The new photovoltaitechnologies are ready to provide cheap and cleanrederdyg the use of
fossil fuel resources for producing the electricity as well as reducing the costs and energy consumptions.

The most important achievements in the area of flexible solar d¢dighthithe principles behind
the main technologies, and discugase challenges in this area and further developments in the field
of BIPV in order to adopt on any surfacesad.

In this chapter are presented some considerations and the generativescmolgutieat allow to
design a surface paneling, subdividing in a limited range of panel's sizes, thus to reduce the number of

different types of panels that is necessary to produce for cover the facad
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5.2.Material and method

Nowadays the digital technaésgatbw to modelinginy kind of sfiaces and subdivide them in many
different ways.
For studying the subdivision of surfaces wereRltiadcerasingPaneling® andGrasshopper

Below are presented an overview of these tools.

5.2.1.0verview of the panéng tools

Paneling tools for Rhinoceros

PanelingToblps designers create paneling solution from concept to fabricagian pituginof
Rhinocertbst allowgyeneratin@D and 3D cdlilar patterns and populates thewver rectangular grids
[84]

Forms that can be paeélwith PanelingTookn be represented with @i@ensional point grid.
PanelingToptsvides many functions to turn base geometry of points, curves, surfaces, and polysurfaces
into an ordered-g8imensioal grid. The grid is then used as basis to apply 2D and 3D patterns.

In the chapteare reported only the most important concepts for using thishatoéscplain the way
that is possible to use for paneling the surfaces.

For the all details about tRaelingToalsake reference to a specific mafmealdownloadables
well as the toof, r om t he McPBEELOBEheeimsti ¢ ef or any ot her coc
description regardingrasshopgerd its plugin it suggedboking the relative webgifdpnd manual
(86]

Paneling surfaces using Grasshopper

Grasshoppers a generative modeling tool, other than permit to create complex surfaces and
parametric desigoan also be used for subdividing the surfatssin this case is possible to panel the
surfaces in different ways, but in this chapter is illustrated only one of thesdargiwel@n overview
of the tool d&s capabilities.

For any other research nmitleabout the use @rasshopper paneling the surfaces and other topics
it suggests to watch and study many tutorials video, documentation and discuEsiasshappes

website, where it is also possible to download the plugin for free.

Main diffence between PanelingTools for Rhinoceros and Grasshopper

Rhinocemnasrks diffeent fromGrasshopped in Annex Bs described funnyexamplecaried out
from the literature that explaima simple andynthetic way how is the main difference oprbeess
of modeling in general between the two {8@ls
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The great difference between the two tools ilge ofthe process: whikRhinocerstart from the
physical geometry and permits to modify and works @ragisopped o e svork with the real
geometrieshutit works on the logic behind the geometries

5.3.Theory and calculation

As just written above are possible two different apm®&mhpaneling the surfaces: starting from the
geometry usinganelingTooisRhinoceroasmrk environment and working behind the geometry using

Grasshopper

5.3.1.Paneling surface using PanelingTools in Rhinoceros

The paneling process is done in two steps: first, create a paneling grid, and then generate the paneling
geometry of curvesurfaces and polysurfaces.

Generating the paneling creates patterns and applies the patterns to a valid panepontgtid of
The resulting paneling is stand@hdnoerogeometry in the form of curves, surfaces oresh. To
further process panels(with the Unroll, Offset, Pipe, or Fin commands,iristance) use paneling
utility functions and othé&thinoerasommands.

The twastep process gives more flexibility and better control over the result. Norniaitiia| tyed
is generated interactivand is a good indicator of scale. The grid cgartegated using the many grid
generating commands or with scripting. The grid odinclotly edited and refined before any paneling is
applied. Panels can be created usingrbpdtterns or usetefined freform pattern$84]

The following parts describiee process used for paneling the surface d@uifding Aof the case
study of the city of Milan treated before.

; reference Generate generate
i geu_metry' i grid of paneling
1 loptional) points

' '
|

Figure57. Flow chart ofthe paneling tools processRininoceros.

From Grasshopjpefinition was extracted tharface of most irradiative facade that it wants to panel
usindaklkeel 60t he sur f &Fogwesd. hat wants to panel
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Total area
0 6.58806+0
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Figure58 Grasshopplefinition(on the lefjivh er e was e x t r a c (oretie rightyte paheh - ade 6 s ¢

In Rhinocengsrk environment it creates the grid starting fromuttiace: using the Paneling Tools,
choosingamong the possible optiorignakes the UV grid on the surface as shown Fidghe=59 The
grid permits to divida surface following its u and v directions. Division can be by number, distance, or
chord length using any commdtion in u and directions.

In Figureb9 are presdand two different kinds of pdimey surfaceetting number of spaces between
points: before were set values equal to 20 for number of space in u digdioima& (on the fig and
then were set values 10 and 5 for u and v direction respectively.

Figure59 Two example of grid point one setting different number of spaces between point in u and v direction

Now created the grid is possiblefpla different kind of pattern 2D or also 3D.

From the oOpaneling toolsd panel selecting the

which type of paneling surface applying from o
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