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ABSTRACT 

AIVC 12183 

This paper describes a European project to produce comprehensive design guidance on urban 
layout to ensure good access to solar gain, daylighting and passive cooling. The project 
involves: 
1. A comprehensive, integrated analysis of all solar and microclimatic aspects of urban layout, 
including pollution; 
2. Development of a major computer based design tool to evaluate solar access and wind 
patterns within urban configurations in Europe, and simple manual tools to calculate solar 
access and daylight availability on obstructed sites; 
3. Selected case studies, including two major case studies of southern European sites, to test 
and refine the guidance; 
4. Production of an illustrated design guide, papers and presentations communicating the 
results. 
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1. INTRODUCTION 

POLIS is a research project sponsored jointly by the European Commission's JOULE research 
programme and by national funding agencies including the UK Department of Environment, 
Transport and the Regions. It is a three year project which began in January 1996 and is set to 
end in December 1998. 

The research phase, now nearly completed, covers all solar and microclimate aspects of urban 
layout. The project also includes the development of design tools, case studies to illustrate and 
inform the results; and production of design guidance. These are described below. 

The project includes the following organisations: 
• Building Research Establishment Limited 
• National and Kapodistrian University of Athens 
• LEMA, University of Liege 
• University of Seville 
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2. BACKGROUND f_ .. . ... i' 
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Cities are growing rapidly, and today's cities are increasingly pol!uted ·a11d unco.p1fortable 
places to be. Consequently new developments are often planned as 'climate rejecting'- sealed, 
air conditioned,. deep plan, with tinted glass to cut out _solar gain an�,: �aylight. Such 
developments may then worsen !he local microclimate:further; air conditioning.�esults in extra 
therma:l emission� to .the surroumiings; reflective glass refl,ects solar h.eat and glare back out, 
and large, bulky buildings create hostile local wind effects and over�hadow 1.lieighbouring 
buildings which depend on daylight The result is a vicious circle of v.,1orsening exterior 
environment and spiralling energy costs. 

� · · · 

L ,,. _; 

Badly planned urban areas use much more energy for air conditioning in summer and for 
heating in winter and even more electricity for lighting. The Uri'iversity of Athens has studied 
the urban heat island effect, obtaining temperature and relative humidity data at twenty 
locations in the city of Athens in $urn.mer 1996. The results have been particularly interesting: 
• Very high temperature differences, between 5-15. °C, have been found between the 

urban and suburban measurement stations. during the d�ytjme, especially on hot days. 
The temperature difference,Jlearly always goes. __ µp as the --��!,'!lperature of the urban 
location increases. 

• 

• 

During the night, the temperature difference betwee1:1 urban and suburban areas is not 
very important. 
An important difference is found during the nightbetween the National Garden site and 
the surrounding urban measurement stations. This difference is up to 5 degrees. 

These results show that urban microclimate has a tremendous impact on the energy 
consumption of buildings during summer while the use of green spaces may contribute 
significantly to decrease urban temperatures during the summer. 

Increased urban temperatures also exaGerbate pollution by accelerating the production of 
photochemical smog. The behaviour of pollutants in urban areas has long been a matter of 
concern. Discharges from industry have come,·under greater control with the passage of time. 
However, there has been a growth of othei"'L)'pes o( polluting discharge, especially from 
vehicle emissions, so urban pollution levels remain unacceptably high. An alternative strategy 
aims _to modulate the external , climate .and maximi�e !he use _of !enewabl� _ energi<t�� This 
involves planning building layout to ,aj.low adequ�te a�c,ess to soliµ. ��at gain and day},ig�ting, 
and , in warmer climates to promote . p�sive qooling. . . Good, urban, la you� desig�L � .also 
provide an attractive exterior environment, pleasantly :sunlit and sh�lt��ed;frorr.t . the w_ind in 
colder latitudes, cool and shaded in hotter climates in summer, with breezes to disperse 
pQJlUtantS·;_ ';.·. · . ,,, 'I'' .:F >;:··;· '•!i '.:; , y:· - ".°:" '; n- '" ' ( -· 

'"·' '· . :; ·.· I _:· [_ ' ' 
� ,..I ' ' . ' . ' - ,. • - f . - � · �: '. . • •  •0- • • \·. • ... ····.�� ,· = : , :  t ·- ··.�: :::C.:J 1. �L .�:·c ·.:,,1.J··· 

fQr p�ssi.ye:�o.l� qesig;n in nortP.ern latitudes �!�Jayou�A� (!f p,�cµl_ar iq\por;tlU1��· �e��H�� of 
;:,low sQl,�_ alt�t�.d�s ca,refi,11 spacing: of,gµµd�_gs i� 11�essar.y, tq _optajp. �:o�a:r,g�5:. t9�9l,1��9,Ut,. the 
, .. win.ter, ·but_ .. tl}ern ·;�� jmp.o$nt,: ��n�ii.� _, (typic'JJ.ly'. � fil'09JI9. 1Q%. �fl ��atiµg;-, e��¥Y 1'.C(!)�ts in 

• c � �using::. (NBA; i :Ie�t�nic� ,. � 9,,88 ))1,.b�Jrns� · of: .. �h,e ! lo.ng 11=YaciRg; _sea�on ap9 ·�P"Y _ .�i���nal 
, : ·tern peratutes,; DiffQS� ·f!aypghti.Ag i$ :a, key $.tr.a��gy jn, t)l.e clo.�_dY., �ll¥.1at� o� n��,er.:i,; �\!�-ope. 
·, [£h�:effe.�fti�e.-e.xp!�it�tis>n -of:mayJight cquld l�dJo 1.en�ffl:Y s�vip8�,<2f, 3:;f>r�0�1\9I)R<;,.S of 
': ;5;aal,eqµ�v�ep.t by �02Q. JT� r�e. th� bege_P.!-SdJ.f:.da_ylighting,. hq:rey��· ,�q�� l��qu_t�ust 

; 111ini,mise .th�;proplems :Otpbstrµc;µ.on a,nd OVershapq,wfngt:. '(r; ·.f, ·· · :· � _i ·� :L' _ 
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3. TOOLS AND TECHNIQUES 

Acce$s· to ilayliglzt and solar gain 
• -·� , · '"-'l ;,• 

. - ' .  

I t :.J'f ;_, • • • ,_ ,, .• 

To reap thf-fulf benefits <Yf passive solar design,:,\.vili.ter sofa.1"gain should be maxti'ml'sed as far as 
i other site fayout constraints allow (Littlefair 1991', 1998): The most important area to keep 
lightly obstructed is\vithin 45° of due south of a solar collecting facade. (Figure· 1). this is the 
part of �e skyif[oin'which most solar radiation comes in the winter mtinths. To check whether 
solar access' fimfr this zone . is retained, draw.,.. a north:...south section - (not nedessarily 
perpendicular to the facade). The altitude of any obstructions in it should not·•exceed the 
critical angle h measured from the centre of the solar collecting glazing. 

�.�l ;· ... : :,.i; , } 

I' 
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''Figure 1 f'or solar ·access iri ·Urban areas the area of. sky· between south ·east and south west 
· :-: becomes irnportant>Obst.rllctions in' this zone 'Should: .kieally not exceed the critical angle h: For 
:'11 latifudes,= above' 50°; h is. 709 - latitude; for- latitudes oefow'·46.5°' h ;is' 665° - latitude; for 

·
'iwte-mie<liarelatitiides h'.is 20 degrees:·::: :r .. ,: T•; .,,, •· " : ,. �,_ ; , :r:- .. •, 

'1·11 1.1 , ';;.' �·,..j ••• · · �. ·• 
r• ,'.·,·.jJ.r1�·.-_i- :.:·:; .. �· �; J .... ,.f .. d�� .::i�� \�>:�. 

For diffuse daylighting the requirements are less strict. The simplest technique is an:obMfuction 
angle JEeasured from the horizontal. This is appropriate in the initial stages of analysis and for 
Mtle; elatively· low· 6b'striictions like tehacea houses·: A 'mbre flexible:. method· 'is the use of 

'; J; vcitiCaT'sfcY; c6'rriponertt,' defued' as' the-ratio' of-tfie drrect'sk.Y ilhimmanoe falling'bn:. the vertical 
'. : wall:'at {reference point, to� sirilriltaneous horizontaHllurriin·an'clfunder an undbstni'Cted �ky . 
. :. -'<'Sili-9ies .. ih the l:JK" (Littleffili'· 1991) . sug.ges�1 'tbat'"'ail ' 'bb'structioil I "angle· •o( 125 'ldegfees, 

· 'ttorrespo1i�lng r& 3:·vtrrticafsJ.<y ·c6�ponent 6f127% is broa&y:·apptopnaie:"thes-e.ivaluesr:tie in 
' welf Wifh rec8nfmeridatlons1by ·athe?�at'lthors··(Bvans 19'80J.t:BR.E lfave.�e·veloped -a methoo to 
',;·generate' sliliil� criteria· toi'.bther aaylightliig:tliffiates . .;A·-flexible ajproa'cb ·i�-· x:equtrediwhich 

takes into account the needs of the develf>Prilent an.a its -stirrbuncfingst An aelapted techh'ique 
can be used to establish the loss of daylight to existing buildings nearby, an important design 
issue. 
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Wind tunnel studies 

•'Tue· projeti also· i�cludes wind tunnel studies of th� disp�rsion of J9cal pollutants to allow 
hatural 'ventiratfon ·of buildings and-'iinprovement of the outdoor en-Y-rroninent. 1This inclu,des 
the ventilation of contarninants·from courtyard we1:J.s. The experiments ¥e planned: to cover· a 
wide range of courtyard depths, down to quite shallow structures. Results indicate very low 
rates of pollutant dispersal from the lower parts of deeper enclosed cou�xards. �FD modelling 
(Coronel and Alvarez 1998a) agrees w,i.11:! this. Another wind tunnel model is presently planned 
to investigate contaminant dispersion within the Pireas case study area. 

This work is being backed by the University of Athens ,who have carried out experiments to 
study ventilation through urban canyons (Santarnouris et al 1998).· These started in early 
November 1996. In the experiments the following are measured; 

J.• I ·.' 
* Wind velocity arid· direction on top of the buildings forming the canyon. The swsor is 

located where the wind Jlow is.effectively undisturbed by �e presence of buildings. 
* Wj.nd velocity at various heights inside the canyon.· - ---- __ .. _ - -

-
* The air temperature ·at various heightS: . 

I 

The results sho.J-'that tempetatures can vary considerably withln the c�yo'ii at different tiffies 
of day, depending ·on sunlight penetratiort. and the presepc::�. o.f tra£:�ic. The albedo of the 
building materials also has a, big impact on surface temperamres. )- .. . ·� '�· . . - ·- . ( 

Influence of heat sinks 

The University of Seville have carried out worl< on modelling the··conling effects of, for 
instance, a river, a lake or an''ilrban park on the surrollilding areas. This cooling effect takes 
place when hot air is put into contact w1th. a sur:fa�e at a lq_"".e.r temperature. The vegetation 
and'-the water are able: to ·J.ll.Mn.tain a lower temperature due to the evaporation ·tliat acts as a 
regulatory mechanism. The approach consists of a 'simulation. us'ihg CFD codes,' and 
comparison with the results of actual experiments. These-hav€--been .used to gener-ite ·a_set of 
functions and graphs that g�v� -t�e reduction. in air temperature when the air pa�$.e�; over a 
cooler area. · ·· · - - · · · 

Design tools I t 
• • : I 1 ! : : .!" 1"' • 

"' . ' .  
• .  l•J:' 

' . \ . . . 
. .  • ., 1 • • 

Design tool development ·has .con�entrated,gn .. extendin�. LE11A's sopfij.�ticated TQWNS,<_:;OPE 
software (Dupagne 199L.';:1998), :tol pr:o9uce. aIJ. integrated tool. tp_ model_ 'sµIlshilie. Wind ··and 

� ' t.. ' { f 4 • ,I I • • · I 
• 

• • •' • ., ( daylight in urban areas� The .origi,n�·TOWN_Sc;on� h�g .e�al��pon .�01�e� q-1?-,;����billfy of 
:<solar r�diation. �eati�ig �eed_s� tbeQreti�al.1 trnergy ... �CW�!lIPJ?,�.o!\ if?t�:.· h.o':s�� ... :?�X.» ·

.
cost 

calculanons, 3D v1sualisat:J.on, indoor C.OIJlfOft: �ct �LIJ.d eff�JS (oil�� a. rp�g.h_,��u�a1ion �f the 
average wind spe-ed ... at ..any level�. l!!:tder .tl:i.Y rlt9�f$ prqj�ct new .�v.�ua.tio· �ni�9�es will 

•"inClude wind effects 'Cm comf0rt in-;eutqo,o�_§P.aGes �d -P,ttjicil-D.��-eq�r�f fos�[�.�. q· �ylfg��g in 
buildings, diffuse solar radiation and ground reflected radiation, ancr 'iniprov�ci- -cost 
calculations. " '1 '" - �� ., ,,.--i �-

' ; I)·� /� \ �I t 3 - . � 

Simple manual tools to evaluate loss of daylight, sunlight and solar gam dlie' tb 'obstructions 
have also been produced (Littlefair 1997).: : 

• ,,, ' I 

. ; I J� •I 
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Case studies 

'The research is Hacked by a series. ot>case studies of urban areas, in9�Udi,o.g �WO,..y��n��d 
-: s'tudies of Mediterranean sites (Coronel and -Alvarez 1998b ). Shoq_.�ase stud[�; .�oih ieai and 
. � theoretical; inV'estigate different' design issues in· different-parts.cof Europe . . , · · · .1 

..., I rl r, • 
(, 

[ � j 
,. ; f 

LIST OF CASE STUDIES ; ·.:·· ' 

Location Country Type 
... , •, G,reece Py lea, :Extended 

Thessaloniki J 

Santa Cruz, 
Seville 

J 

Lisboa 

'''Liege . 

.. 

Liege 

Penny land, 
Milton Keynes 

EXPO site, 
Seville 

" 
Piraeus 
4arb�l,Jr, 

· .. 

Spain 

-

Portugal 

.Belgium· 

-

. , 

Belgium 

UK 

Spain 
t · 

Gr_eece 

;' I 

, .. , 

-

-

:.IL 

. : 

I 

Extended 

' 
. . 

Short 

Short 

. Short 

Short 

I , 
Short. ' 

' 

r 

Short··· 

I ' 

·various - c.Tueoretical 

J 

. 

.. 
Key issues 

Daylighting, cooling load, 
� · large estate design -

· •  

•; ' ' ?: . - \ 
Refurbishment of historic 
l!fea, shading, pedestri� 
COJllfort . 

; 

Sdlar rad'iiti.on, shadowitig, 
comfort 

. I • � . .. ) . 

.�ow cost hou�ing, passiv� 
. solar gains .. _. 

... 

: 
'· 

. . . .. -· 

City edge areas . 
, .. . 

Passive solar access, estate 
layout, trees 

Passive coohng (fountains hl . i ,· 

.etc) for comfort 

··-warm clirtia'.te issues ,., 
-· .. - ,, ' 

J 

Cooling loads 

. 

. 

. 

) 

.. 

' . 

Partner 

Athens, . ,. ::,. 

Seville 
J 

Seville;· 
LEMA 
LEMA 

hEMA 

BRE ,, 

Seville ' 

. I . 

Athens.; 
�. 

Seville 
i 

The northernmost study is of the Pennyland Estate, Milton Keynes, an estate of 177 passive 
solar houses, built in 1980. 134 of the houses face due south and all have high insulation and 

.. � �assive,sp�ar gi��ct1gain through glazing . A survey of the site revealed interesting findings. The 
i-..r. esta_t!f�S · ip,fonilhl. ·1�yout <�d luxuriant plantirl:g has ::completely avoided ... the re�im.ented 
... fl.I1P-�ru:.ance �oinmoniy as'sociated· witlf Rassive�so13.I: layout'S. Gnly.-the windo_w lsi�es. g!v.e any 
1• drie}li�t lliJs �s fpas�ive solat estate� Hdwever pnvacy is!an issue and th��e ,is wi_d�p�9· use 

·; 'ol �pt;cur.;truns��i�� ma� .cuts�Jat gains. AJ.sd·growth·of shrubs:aml trees has .r:�_sµlt�d,YJ(�,ome 
. loss qf wu{t�r.solar access. A .. surv�y-ha51been earned out to quantify . .-this Joss,,.At !J1iislday in 

1 • •  J,anu�' 3% :of lfie' fiousis had more thah nalf"their SOUth facing glaring 'in,sJ=tadG,\Y. w,hile a 
. furtner , �%_ lia�( tie tween 25%·· and 50%· iri-· shadow� 'f.ne 1mo-s1 '"ei:ommon caus�,of rQ¥.er§:h�P.o;.ving - '" 1. : t • ,- I• : ' , '• , 1 t 11 ' • • '"JC ....... • ·· .r_·-., � 

is by p anting.... · ·. ' . .  \ ,  _ ,i1.,,..-.-.�·-l.:. · :_�·, '� �.--t£· .i.. ... � ... �_;,,,,;, _-.· ....... / .(�:? c-:D� Li. t � 

4. CONCLUSiqNS , .,. '.�. :. . ' J� t..}�� -> ;·:· i� !.: I ���· �j ) ·' • 

Urban layout planning can have a major impact on the external ·envirpnment and o� the 
performance of buildings within it. The POLIS project aims to give guidance on how to 
produce comfortable, energy efficient buildings surrounded by pleasant outdoor spaces, 
reducing energy consumption and the effects of pollution. 
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The major output of the research will be a draft design guide, to include guidance on all the 
issues addressed. This will be supplemented by the following: 

* TOWNSCOPE software with user manual; 
* Book of indicators for manual prediction of solar access in the EU 
* Fully illustrated case study document 
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