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ABSTRACT 

Urban form, i.e., the layout, density, shape and orientation of buildings within the street grid of a city, affects 
greatly the potential of using renewable energy sources such as sun and wind for electricity production and 
climatisation of buildings. This paper outlines the framework of the European research Project PRECis 
(assessing the Potential for Renewable Energy in Cities) and, in particular, the role of the Polytechnic 
University of Turin in that Project &: 1998 Published by Elsevier Science Ltd. All rights reserved. 
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THE URBAN MICROCLIMATE 

Several authors (Fuggle and Oke, 1970, Oke, 1976, Givoni, 1989) have investigated the urban climate and, 
particularly, the heat island effect within the urban dome. Less explored has been the urban microclimate, 
characterising the urban canopy, i.e., the layer of atmosphere enclosed within the street canyons up to the 
buildings’ roof height (Oke, 1981) The form and layout of buildings as well as the streets’ section and 
orientation, and the size and shape of all urban open areas, affect mainly the urban canopy microclimate 
Hence, more investigation is needed on this field in order to evaluate the interactions between the geometric 
characteristics of the urban texture and the most important microclimate factors: solar radiation and air 
movement 

Solar radiation 

Solar radiation interacts with the urban fabric at various levels. CU~IJJ~~~ geomerv of streets and buildings’ 
shapes and layout induce different shading patterns. In addition, surface physical characteristics (material, 
colour, texture) affect solar absorption, and differing spatial and time solar exposures cause differential 
surface temperatures and, therefore, generate convective building-street thermal exchanges (Givoni, 1989). 
Since ancient time, Mediterranean civilisations laid out their cities in accordance with solar orientation and 
used surface colours and materials to maintain indoor comfort conditions. The “cul-de-sac” street layout, 
typical of the Muslim cultures and diffused in the whole southern Mediterranean area (Fig. I), allows for deep 
shadowing both at street level and on the buildings’ facades. This characteristic, together with the white 
colour of building, provides for optimum cooling of indoor spaces (Scudo, 1997). Such an aggregated urban 
pattern characterises most of the European coastal and hill towns founded in the Middle Age, even though 
that feature was originated more for defensive purposes and economy of space rather than for climatic 
reasons. 
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Fig. l- Plan of the town of 
Martinafranca (Puglia, Italy) 
with a “cul de sac” urban fabric, 
of Muslim origins. 

Building solar access within the urban fabric depends on both spatial and temporal factors. Spatially 
(synchronically), it depends on the ratio of the streets’ width to the buildings’ height, while temporally 
(diachronically), is affected by the layout of buildings within the streets’ grid and, therefore - in the case of a 
normal pattern layout - on the geographic orientation of the grid. Most of the European cities’ parts 
developed after the Middle Age as well as the Jeffersonian American towns were laid out following a normal 
pattern In cities’ normal layout based on a Roman grid, i.e., with the main axes (car& and decumanus) 
oriented approximately as the compass axes, the degree of time solar exposure of buildings depends mainly on 
the direction along which they are located. A more balanced solar exposure of buildings, less direction- 
dependent, is obtained by a diagonally oriented normal pattern layout such as the Spanish one (Fig. 2). 
The assessment of the degree of insolation for a given urban fabric can be easily done, particularly in cities 
with a normal pattern layout, using graphical tools such as solar charts, shading mask protractors, and P.E.G. 
shading profiles. Calculating the solar radiation incident on the whole surface of a given urban fabric as well 
as its effect on the surface temperatures and the convective exchange rates is much more complex, and 
requires simulation tools not yet available for urban microclimate analyses. 

Fig. 2 - Buildings’ 
distance for solar access 
(above: Aix en Provence) 
and shading effects of 
streets’ orientation. 



WREC 1998 333 

Ancient urban planners were aware of the relationships between wind exposure/protection and urban layout 
patterns as for solar orientation. Though, the effects of urban fabric on the wind characteristics, unlike the 
ones on insolation, have never been analytically investigated and modelled until this century due to the 
stochastic behaviour of air movement around obstacles. 
The knowledge of air movement patterns around buildings and within the urban fabric is important in relation 
to various aspects. High wind speed can generate outdoor discomfort; wind velocity and direction affect 
outdoor and indoor natural ventilation cooling; cold wind protection in winter reduces energy consumption; 
urban wind characteristics influence the spread of air pollution from traffic, industrial, and heating systems 
sources as well as the exposure to noise pollution. 
The effects of the general urban environment on the wind characteristics - namely, wind velocity and 
turbulence gradients - are well known and modelled on the basis of boundary layer wind tunnel tests (Sutton, 
1936, Brunt, 1952, Davenport, 1960, Cook, 1978, among others). Analogously, the effects of varying plan 
area density, relative building height, and wind direction - in a regular pattern urban layout - on the pressure 
coefficients on the envelope of a single building (Grosso, 1992, 1995, 1996) are well tested and modelled 
The effects of urban environment on the wind velocity field at street level are tested too but with a lower 
number of reference tests (Givoni, 1989) (Fig. 3). 
Much more experimental and simulation work needs to be carried out in order to improve our knowledge of 
the wind environment at the urban canopy level, particularly in presence of irregular pattern layouts and 
complex building configurations. 

The fast and often unchecked urban sprawl characterising the post II World War period, has nullified any 
attention to the connection - which was explicitly or implicitly present in the Modem Movement and in the 
pre-modem era - between urban form and microclimate. 
The increase of the urban&d world population, the decrease of land available for building, and the 
deterioration of the ancient building stock, are all factors which have posed a serious challenge to a climate- 
conscious urban planning, particularly in the mostly densely populated metropolitan areas of the world, 
Economically profitable land use and maximum built-to-ground exploitation, are the far highest priorities for 
urban developers rather than solar and wind access or protection. 
The new global climate change crisis might have, hopefUlly, a positive effect also on the possibility of re- 
founding urban planning according to a new climate- and energy-conscious approach. 
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THE PRECis PROJECT 

The PRECis Project, called “Assessing the potential for renewable energy in cities”, is being carried out in the 
Non-Nuclear Energy research and technological development programme funded by the European 
Commission. The participating Partners and their main tasks are the following. The Martin Centre for 
Architectural and Urban Studies, Department of Architecture, University of Cambridge, is the Co-ordinator 
and main model developer. CFD Norway, Trondheim, will carry out CFD and wind tunnel analyses. The 
Engineering School of Fribourg, Department of Architecture, Switzerland, will deal with daylighting 
evaluations. The.Centre for Renewable Energy Sources, Athens, will perform energy use assessment. The 
Department of Human Settlements Sciences, School of Architecture, Polytechnic University of Turin, will 
conduct analysis and model development on wind effect and natural ventilation The City of Gmgliasco as an 
associated Partner of the Polytechnic of Turin, will apply the model to be developed to case study areas and 
evaluate the by-laws implication of the research results 

Obiectives 

The central objective of the PRECis project is to characterise the microclimate within cities in relation to 
urban form, As specific aims, the following actions will be carry out. A simplified urban porosity model that 
describes the microclimatic characteristics of an urban texture, in overall terms, will be developed. The model, 
and the environmental assessment techniques involved, will be applied to a selection of representative existing 
European urban textures and to particular case study urban sites where major interventions are planned. 
Based on the experience of these practical applications, municipalities will be assisted in drawing up urban 
design guidelines and in considering the implications for bylaws, legislation, etc. 

Work Content 

The planned work is divided in nine tasks. The first relates to the collation of existing urban pollution and 
other microclimatic data. The second regards the 3-D digital representations of urban areas. The third 
concerns the development of urban form parameters. The fourth is related to the characterisation of 
microclimate (wind effects, atmospheric pollution patterns, noise pollution, insolation, albedo and solar 
energy absorption, temperatures). The fifth regards the development and testing of the urban porosity model. 
The sixth is related to the development of building energy use and renewable energy modules. The seventh 
concerns the application of the model and associated techniques to the case study areas. The eighth regards 
assess the implications for urban design guidance and legislation. The ninth is related to dissemination, 
through the organisation of workshops aimed to educate professional practitioners (planners, architects, etc.) 
and municipality representatives as to the opportunities provided by the research in general and the urban 
porosity model as a practical bioclimatic urban design aid in particular. 

Expected Outcomes 

Several are the expected outcomes of the project and the relevant beneficiaries. The advanced bioclimatic 
urban design aid will be applicable to any urban area throughout the European Community by planners, 
architects and other professionals involved in urban issues. Objective means will be produced to help 
municipalities and local communities in assessing the environmental impact of alternative proposals for change 
and in formulating communally agreed urban design guidelines and standards. Methods and ways will be 
suggested to city dwellers and the community as a whole for reducing atmospheric and noise pollution, 
increasing energy conservation in general and the use of renewable energy in particular. The research will 
increase the level of understanding by the scientific community of urban microclimates and their effect on 
energy use and the potential for renewable energy, and will open up opportunities for tinther research in the 
new field of urban morphology and urban climatology 
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THE WORK ON URBAN WIND ENVIRONMENT 

The work on the relationships between urban form and wind environment is being carried out by the 
Department of Settlements Sciences, Polytechnic University of Turin, under the direction of the author. 

Obiectives 

The main objective of the work is to improve the knowledge and the availability of urban design tools for 
planners and architects with regards to the effect of urban form on the airflow around and through buildings. 
As specific aims, the following actions are planned and, partially, being carried out. A module interfacing the 
urban porosity model is being developed and is aimed to assess the effect of various urban layouts on the 
natural ventilation potential of buildings and its energy implications. This module will be applied to the case 
study areas of Grugliasco, whose municipality will be assisted in applying the urban porosity model 
Bioclimatic urban design guidelines will be drawn in collaboration with the municipality of Grugliasco, and a 
workshop will be organised for professional practitioners in the field of urban design aiming to communicate 
the general and specific research outcomes 

Work Content 

Several tasks are being carried out to reach those objectives The wind pressure coefficient program 
CPCALC+ (Grosso, 1995) is being upgraded. A sensitivity analysis aimed to assess the influence of various 
urban form parameters on airflow through buildings is being performed by applying CPCALC+ and multizone 
airflow models to general building types and indoor space configurations within varying urban contexts 
related to the case study areas. Simplified and detailed thermal models will evaluate the results of this analysis, 
and comparison of predicted energy consumption for thermal use Vs actual energy use will be cany out, for 
various building types As to coming out from the research experience, changes will be proposed to the urban 
planning guidelines and building code of the municipality of Grugliasco, and a bioclimatic urban design 
handbook will be laid out for the use of professional practitioners (planners, architects, etc.) and municipality 
managerial and technical representatives. 

The Case Studv Areas 

Two case study areas where major construction or reconstruction interventions are planned were chosen in 
order to apply the urban porosity model to different urban layout solutions The areas belong to the 
municipality of Grugliasco: one is an open lot neighbouring the historical centre of the city; the second is a 
built suburban area with a mix of building types, including a public housing complex where major 
retirbishment are foreseen (Fig. 4). 
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Fig. 4 - One of the two case study areas in the city of Grugliasco: a mix of multi-storey apartment buildings 
(partially public housing), small industries, and commercial facilities, typical of a suburban fabric 
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