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1. Global climate change as urban issue

Global climate change — with its social, economplitical, cultural, and ecological
dimensions (and the impact on our spatial, physimadl planning patterns) — is one of the
principal challenges facing humanity. The citiestoflay are the greatest assemblage of
material resources, human capital, and goods anes the planet has ever seen, in which
now more than half of the world population livepabthree fourths of world resources are
being consumed as we speak, and one fifth of thsseon are produced (IPCC, 2007).
Urbanization is the defining phenomenon and proodéghis century. The impact of rapid
urbanization coupled with population growth will Helt most acutely in developing
countries, where the built up area is expecteddcease threefold while the urban population
doubles by 2030. Forecasts shows that by that ¢ies will use 75% of the total energy
produced (IEA, 2008). Since human activities arenfgdocated in buildings, they play a key
role in energy demand, using over 40% of the glopamary energy. Despite the
opportunities coming from technologies and pass$iwase solutions to reduce the energy
demand at the building level, most of the potentishin the building sector remains unused
(IEA, 2008). From this troubling perspective, batity sustainability and the resilience of
cities become the main issues at hand.

In the last century we have, as citizens as wellpesfessionals working with urban
development and planning, developed a disconneftion nature that has contributed to the
greatest crisis in the history of mankind and theatest threat to the natural eco-balance of
our planet and our built environment — to our siti&@here is no doubt in the mind of any
urbanist that, to avoid the looming environmentabhdter, one of the greatest cultural and
technological transformations that we (as citizewd,consumers) must undertake, pertains to
the way we plan, design, build, maintain, govend ase our cities.

2. Background of the project
“[...] planners rarely focus explicitly on energy igss, planning decisions influence

energy use and production in profound, long-lastvays” (Park et al., 2004)



Starting from the necessity to control the glodahate change, the Kyoto Protocol and the
Bali Road Map have recognized the importance ofraominternational actions to reduce
CO, emissions. Nowadays, large parts of the world fgjmun (50-60%) are living in urban
areas, which represent the most energy consumisiggrag (Buckleyet al, 2009). Local
governments are therefore asked to take new regpldies in terms of energy management,
adopting the urban scale as level of action, dg@metpnew methods and strategies to bring
energy sustainability (saving/producing) and envwnental quality into the cities.

At European level, different countries and citiesvén started projects related with urban
energy saving and energy-saving districts, butrélgeest for a more integrated approach and
further analysis of the role of morphology and lamge organization is increasing. At the
same time, attention to energy modeling at therudoad district scale is rising, thanks to
improvements in the IT-technologies that allow ctiogted calculations (Rapgt al, 2009).
The development of a new energetic and environrhplaning approach that can set energy
as primary key — leading to a high level of urb#itciency and having a broad effect on other
urban areas — is hence highly important.

Different studies have pointed out the fundameaetedrgetic role of urban morphology and
typology (Rattiet al, 2004). The intermediate scale between city andibg, and its relation
with energy and sustainability has been undertaleter the point of view of modeling and
projects/best practices:
Scientific contributions on the relationship betwagban morphology, energy, and
environment
Tools for environmental prediction based on urladaure has been first implemented
at the University of Cambridge in the 90s by NicakBr, Carlo Ratti, Paul Richens,
and Koen Steemers, and further developed at these@ble City Laboratory
(Massachusetts Institute of Technology, Bostonke &pproach is based on a novel
technique of image processing of simple raster @saPEMs, Digital Elevation
Models) that represent the urban form. Using teéahhique, it is possible to map and
analyze environmental and energy performance adrutbxtures, focusing on several
indicators (Carneiret al, 2008; Rattet al, 2007; Morelloet al,, 2009).
Besides the DEM approach, different models haven lveloped with the aim to
evaluate the energetic role at urban scale. Thes#els can be classified into two

main groups, related with the data-source usetiststasurveys or detailed analyses of
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the built stock. To the first group belongs, amargers, BREHOMES - Building
Research Establishment Housing Model for EnergydiSsu(Dicksonet al, 1996).
The second group contains models such as DECoRudmestic Energy, Carbon
counting and Carbon Reduction Model (Gupta, 20EE5P — Energy Environment
Prediction (Rylattet al, 2003), and SEP — Solar Energy Planning Systenta(Rst
al., 2001).

Although innovative in their aims, these modelsikexhwo major drawbacks related
with the statistic-based approach, that reducesddtail achievable due to statistic
aggregation of the data (first group), and the rodation between set up of the
database and model (second group), which decrdbseapplicability outside the
country in which the model has been designed.

Projects/best practices

There are many examples showing that district gnefficiency can be achieved if
the morphology is taken into account since the rioegg of the design process, by
adopting a procedure which considers local climatiaditions and energy sources.
More appropriate technologies (CHP, heat pumpdrictiheating, PV panels, etc.)
can then be integrated, achieving a more sustardgydelopment (IEA, 2008).

Some very well known examples — like Vauban in Ibweg, BedZED and Greenwich
Peninsula in London, Kronsberg in Hannover, and imanby Sjostad in Stockholm
have already enlighten the validity of a projecattintegrates physical planning,
evaluation of local resources and constraintsuohiog social and economic aspects,
with a vision on future urban management and samdaksion objectives (Beatley,
2000).

Sustainable Urbanism can therefore be viewed asvaamd emerging framework for
interdisciplinary urban planning, design, and mamagnt of our regions, cities,
towns, neighborhoods, and urban blocks. It expleussainability and urban design in
a rapidly changing and urbanizing world, by focgsom the processes that shape the
form and function of the built environment in itdlfcomplexity — the infrastructures,
land developments, built landscapes, and facilitibat collectively make up
metropolitan regions (Droege, 2006, Farr, 2007).

The synergy of multi-modal transportation, susthieaeconomics, ecology and
natural resource management, socio-cultural aspaatisphysical-urban form become

crucial for creating livable cities and communit@lsplace that, together with their
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hinterlands, produce sustainable metropolitan-regicities. This can be achieved
only through a new prism — that of ‘sustainableséyy) thinking and holistic regional
design’, through which comprehensive physical plagrand sustainable urbanism

become crucial (Haas, 2010).

The importance of sustainability and energy in plenning and housing building sector to
achieve the goals set by international agreementtsraereasing the quality of life is widely
recognized (Shacklegt al, 2002). The contribution coming from new technasgand
modeling could generate a better understandingh@frélation between urban design and
consumed energy, improving planning system and ldpreent policies, while reducing

general costs and environmental impacts.

3. Purpose of the project
“There are essential linkages between material @nérgy consumption and urban
form, and particularly land use and transportatipatterns” (Newman et al., 2004)
The project aims to estimate the heat energy dero@tide City of Gorgonzola, part of the
metropolitan area of Milan — Italy, starting fromadyzing the energetic performances of the

existing typologies.
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Although the energy used in the dwelling system ddferent activities (heating, cooling,
lighting, etc.) vary with the climate condition, the Italian level studies show that 70% of the
total emissions are related with heating (ENEA, 0@onsequently, identifying the most
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consuming areas, which are affected both by th@esltd the buildings and construction
materials (and thus by building’s age), is fundataerio reduce energy impacts and

emissions, while improving the economic, sociaj anvironmental sustainability.

The level of analysis concerns the link betweenldmgs and urban structure, where
morphology and land use organization are legiblé evaluable (Dongt al, 2010). Even
though central in order to achieve better knowledfjéghe energetic behavior of cities, the
effects of different urban form and typologies areryy demand represent a field scarcely
deepened by literature, which is gaining attentiothe last years (Diappi, 2000). Therefore,
the broader aim of the research is to comparerdiftaypologieswith their performances
related with heat energy demand, in order to adfeoverview of the whole city and identify
the most energy consuming areas, linking heat gregghand to the urban form.

Purpose of the research is to develop a modelddmatiead to a strong integration between
energy, urban design and planning system, ableetp Rublic Administration, decision

makers, planners, and housing companies to takecosideration the concepts of energy
saving, efficiency, and mix, improving the coordioa between different levels of energy

planning and including energy as a variable intzaarplanning policies.

Thanks to a better understanding of the energyvahaf the city dwellings, it will be
possible for the Public Administration to definesdg guidelines, renovation processes, and
an urban management system able to take into actieidistinctive geographic and urban
context of the city, evaluating the fallouts of dBpment choices. Moreover, the project can
support the identification of the best technolobaution for Distributed Energy Resources
(DER) at urban scale, and identifying possibilitiesenergy reduction at building scale.

4. M ethodology
“A number of tools exist for predicting the enelgyd environmental performances at
an individual building level. However, there arewfdools available to predict
performances at an urban scale.” (Jones et al.,700
The evaluation model for heat energy demand digecusgs this paper, has as starting and
central point of the analyses urban typologies ewdphology, moving from the building to
aggregations of them, from building scale to amaofBistrict one. The basic assumption is
that, by identifying different typologies, it is g&ible to apply homogeneous parameters to
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buildings with similar geometry, which has a diredtuence on thermal gains and losses, and
consequently on heat energy demand (Gressb, 2005).

Different methods of analysis has been used inraalenplement a model able to take into
account the characteristics of the built environhfg/pologies) and the effects on heat energy
demand, overcoming the problem of a statistic basedel. The research plan has included
literature reviews about the latest model for epergnluation, their potentials and drawbacks,
which have helped us to set up our model for heatgy demand. Moreover, analyses have
been carried on related with the built stock’s elkseristics of Gorgonzola, in order to
identify the characteristics of the materials, teellnem with the corresponding U-values, and
set parameters for thermal gains and losses.

At the building level have been adopted some sioptions, in particular related with the
roof geometry, which in this study is not consiakre

The model adopts an innovative approach which asggnamic and georeferenced method,
allowing to estimate the energy behavior of thafreity (Rappet al, 2009). Geographic
Information System (ArcMap®) is used as analysa&tfptm, implementing a database and
providing operational tools able to support thel@ation and decision process of public
administrations and technicians. Thanks to that,lithits of existing evaluation methods for
heat energy demand (i.e. BREHOMES, CCP model angANRcity) can be overcome.

GIS is used in order to consider morphological espeoming from different scales, and
allowing calculation of thousands of buildings la¢ same time. The use of GIS is a key factor
that allows keeping information updated, integgyeographic data and sharing information

easily.

4.1 Analyses procedure

In order to calculate the heat energy demand basdgpologies, it has been necessary to set
up a database, containing information related veitiilding geometry (i.e. square meters,
envelope surface, density, etc.) and land/buildattgibutes (building’s age, typology,
function, etc.). Some of the data are based onogaphic analyses, while other are
performed directly with ArcMap® using the geometiidormation coming from the city

map.

First steps of the analyses have been related with:



- Building typology (dwelling), identified according with the built wonment
characteristics of a city (i.e. traditional urbalodk, regular urban block, detached
housing, slab housing, terraced housing, etc.).

- Buildings’ age fundamental parameter for associate the U-valfi@slls and glazing
surfaces. The thresholds considered vary accorehith the built environment
characteristics/information available.

- Building elevationcalculated as difference between ground leveleawes level.
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Ifigure 2 — detail of buildings elevation map

After creating the database, it is possible togranfcalculation for each dwelling related with

the geometrical data and building form’s paramet&nsong them:

- Number of floorscalculated using 3 meters as average space hetwedloors;

- Building perimeter, footprint, and volume

- Ratio between footprint and perimeten order to evaluate the complexity of the

building form;

- Ratio between footprint and volumm order to evaluate the compactness of the

building form;

- Ratio between number of floors and footprimt order to evaluate the building

density;

- Ratio between building enveloftetal surface of walls and roadnd volumein order

to evaluate the compactness index.



These parameters describe the building’s form amdyeometry, which deeply influence
thermal gains and losses of a building, and thes @hergetic behavior of the city built

environment.

Using ArcMap® it is possible to calculate the poeis geometrical aspects for each building,
which are related with the built environment of thig. These values are summarized in the
table below, which express the average valuesatieatonsidered distinctive of the typologies

identified.
_ Residential Residential Residential Industrial, Mixuse  Mix use
offices
_ <3 <3 >3 <5/6 <3 >1
<8
_ <400 <900 > 40 > 100 > 150 > 40
<1000
I - =0 L ]
<6,1
_ <0,45 <0,43 > 0,03 <0,40 <0,23 >0,03
<0,15
- > 0,41 > 0,46 > 0,25 Average Average >0,3
<1,36 value value
0,62 0,59
Perimeter - - <350 > 100 > 50 -
[internal/externalwalls™ w=Ew IW<Ew Iw=Ew Iw=Ew IW<Ew IW<Ew

Table 1 — Typologies and geometric-function paramsetised in the analyses.
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Figure 3 — Percentage of buildings belonging to diféerent typologies (left) and percentage
of built volume corresponding to each typology.

As figure 3 shows, the built environment is maioharacterized by detached houses (37,8%),
slab housing (19,1%) and traditional urban blodk 220).
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for each typology.

4.2 Defining the age of the buildings and the thermal transmittance

The age of a building has direct influence on thergetic behavior of a construction, due to

different materials and technologies used. Theegfthre age is a key parameter for associate

the thermal transmittance of walls and glazingae$, due to different U-values.

Due to lack of data related with the age of eadldimg belonging to the City of Gorgonzola,

a detailed analyzes using the historical maps Bas bonducted.

4%

>

0,
4% 1%

4%

Moving away from the national

m 1865 o )
1934 characteristics of the built

= 1956 environment, the majority of the
= 1971 dwelling in Lombardy has been built
m1982 after the Second World War (1951-
w1994 1961), while the last decade has been
¥ 2008

characterized by a renovation process
(Ruggieri et al, 2007). The analyses

show that over 60% of the built

environment has been realized before the law 373AMt6ch first introduced the energy
saving concept in building. The data coming from tirstorical maps do not take into account
renovation process, underlining a possible limitn&f approach in term of accuracy.



Nonetheless, this procedure allowed us to defieeatle of the building and the related U-

values, overcoming the lack of data and studigkaritalian context.

The methodology used to calculate the thermal mnéitence of walls is based on the UNI EN
ISO 6946, where transmittance (U) depends on theressstance (R), which is related on
thermal conductivityX). Since for each age correspond specific constru¢cechniques and
materials, has been possible to use existing resesrand analyses that have connected
building age and U-values. In particular has besedufor this study thébacus of Italian
walls structure in existing buildingéAbaco delle strutture murarie utilizzate in Italia
edifici esistentiUNI/TS 11300-1, Appendice “B”, 2008).

Besides walls, also glazing surfaces have an irapbrenergetic role, both regarding

characteristics of the windows and percentage enfdhade. The first parameter has been
defined using sample buildings for each typologglcalating the percentage of glazing

surfaces on the total walls. After obtaining theadahey have been associated to the
correspondent U-values (UNI/TS 11300-1, part C.3).

18k
Typology average max — min
Detached house 09,03% 12,06%05,52%
Terraced house 10,19% 18,61%07,48%
Slab housing 13,84% 21,39%06,88%
Warehouse 14,00% 12,00%05,52%
Historical block 13,88% 19,53%08,56%

Traditional urban block 15,02% 24,07%08,75%

¢
&
3
wh A &

ok
Figure 6 — Minimum, average and maximum percentafgglazing surface for the different

typologies.

4.3 Evaluation of the heat energy demand

After setting up the database, each typology has lbkistered according with the building’s
age. For example, the typologtached housingan have buildings which belong to the
different age groups identified.

This classification is necessary in order to asgecthe right U-values and calculate the
related heat energy demand.
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Historical block | T aditional urban Detached house Slab housing| 12
1865 7(7) 12 (204) np 1(1) 5 (6)
1934 22 22 5 (5) 4(4) 2(2)
1956 10 (10) 5 (5) 2(2) 5(5)
1971 5 (10) 16 (109) 43 (547) 20 (208 20 (98)
1082 1(1) 9 (54) 10 (10) se)| 12012
1994 9 (30) 24 (285) 20 (191 10 (118)
2008 22 33) 10 (34) 1033 50

Table 2 — Matrix age-typology and number of sanmpiédings analyzed. On bracket the total
amount of buildings belonging to each cluster.

The heat energy demand has been calculated thi©a@Anova, educational software that
allows to estimate the heating/cooling energy demand the temperature behavior in
buildings.

CASAnova — developed by Fachgebiet Bauphysik & ®wolargie, University of Siegen,
Germany — allows relating building geometry, oraiain, thermal insulation, glazing, solar
heat gains, heating demand, heating, and primaeyggnor overheating in summer. The
software assigns automatically the climate vallesed on the average external degrees,
defining as heating period the period in which #8werage monthly temperature is below a
reference value, set at 20° in this study. All ttieer parameters have been set according with
the characteristics of the built environment of @iy of Gorgonzola.

5. Results

Thanks to the approach based on typologies anditalggs been possible to run the analysis
for the heat energy demand only to selected sampldings (20-25% of the total), applying
then the average results (kWh/sgm/year) to the evbloister.

Historical block | ["AN0ON& | petached house | Siabhousing | Terraced house

Year of kWh/sqgm/year kWh/sqm/year kWh/sqm/year kWh/sqm/year kWh/sqm/year
construction average average average average average

1865 250 253 n.p 200 287
193 206 250 313 230 285
1956 n.p 201 255 205 268
1971 201 185 252 174 250
1982 129 146 201 104 186
1994 n.p 133 145 88 114
008 59 70 117 69 90

Table 3 — Average value of heat energy demand @ghtiyear) per typology and age.
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The average heat energy demand of the built envieeh (MWh/year) has then been
calculated, giving an overview of the energetic ehadr of the city, both on historical

perspective and geographical localization.
Q
)
K e Historical block
Traditional urban block
Detached houses

== S|ab housing

(‘)Qf . Terraced houses

kWh/sqm/year

1865 1934 1956 1971 1982 1994 2008

Figure 7 — Average heat energy demand for eachdgyaand age.

Results of the analyses show that typologies cheniaed by high compactness of the
building’s form Elab housingandhistorical block have for all the age considered the lowest
heat energy demand values per square meter. Thitsenwes are strongly related with the
built form, which can partly overcome the negativepact related with material and
technology used. Most of the buildings belongingthese categories (65%) have been
realized before the 70s, when the energy savingessé building was not considered as a
priority. Another typology that has a good perfonoa is theterraced housesne. In this
case the values can be explained as results adrbminstruction techniques and materials,
which have partially overcome the lack of compassne

The low performances of the groudstached houseand traditional urban blockcan be
explained by building’s form characteristic (detadhouses), and low energy performance of

the materials used (traditional urban block).
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Figure 8 — Average heat energy demand per typoleggressed in kWh/sgm/year (left) and
MWh/year (right).

The outcomes of the study underline the fundameatalof the form of buildings on the heat
energy demand. Despite this, the construction t@olgies and the choice of the materials can
influence the final energy performances of buildiny follows that, in order to achieve the
highest performances and reduce the heat energgrdeneeded, the design has to consider

both building’s form, in which compactness is tleg kvord, and choice of materials.

The model to estimate the heat energy demand lmaségpologies can be a basis for larger
applications for Italian administrations, housirmnpanies, and planners/designers.
Aggregating the results at the typology levelsipossible to give an overview of the different
performances regarding both heat energy demand /8ahityear) andotal heat energy
demand(MWh/year). The main results have contributed twlarstand the link between
energy-typology-city and prioritize policies andians.

During the process of review of the urban planwich this study is included, the results
have been taken into account, bringing new spedifites for enhance the energy

performances of the built environments.

e

w560 e <70 kWh/sqm/year
<90 kWh/sqm/year
<120 kWh/sqm/year
<160 kWh/sgm/year
<200 kWh/sqm/year
5200 kWh/sqm/year

- ke N,
Figure 9 — Detail of average heat energy demandty@ology (kWh/sgm/year).
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Figurerlo — Detail of density of heat energy dem@iah/year).
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Figure 11 — Detail of heat energy demand per exgsbuildings (kWh/sgm/year)

Thanks to the outputs, knowledge about heat ergggyand for different urban typologies of
cities has been gained, allowing to:
- Calibrate and asset the most efficient technolo@®sR) for specific urban typologies
(new and existing housing stock);
- Evaluate energy performances of districts, which ba used also to monitor the
impact of development strategies and buildingsoation.
The model can be considered as strategic tool ehwtan be constantly updated — that cities
and developers can use to define and calibratelag@went and management policies,
achieving better results in the planning for sumsthility and reducing energy costs. The
radical transformation of how cities work impligsr most urbanists, a radical change in the
way they plan and design. At the same time, we @iafonget that the human aspects of urban
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form remain essential - maybe more now  than ever forbe
We need to plan, design, and maintain various pladeremost through understanding their
identity (individuality), structure (physical patt®, meaning (practical-emotional impact),
and setting (relation to environment) (Haas, 2012).
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