o] ¥ 4% & #R ik it =C 3k

DESIGN FOR SUSTAINABILITY

LR/ (®) HTREBRE

EXEHET %% Edited by Yan Ji and Stellios Plainiotis

4 T THFS
]

e

7 o S

1

QB plnias | 08peps0snan s Roo Rt ass r WLT*._,VW i~ -
B, F ‘CCEKLTETY | N W ;%E IF”“LF ¥
fompeppeer 43 | S =T el e
LT 1 B f L ? PR g#@ 5 5
2573 qll'; Py
\F ‘L =2 Ej ﬁ Hjﬁ\;

FEZF I HARY China Architecture & Building Press




OIS EZEETNRT Scit

DESIGN FOR SUSTAINABILITY

LR/ (R) FRERE - LTXRERE RE
Edited by Yan Ji and Stellios Plainiotis

S A A R T



P 45 76 A 4 B (CIP )% 3

AR RAIOTRR O, CONEERE - &%
ERFHmE. . FEBER T H R, 2006
ISBN 7-112-08390-7

LA]... 1.O%L...0¥%... U.&FRI-F
KB IV.TU2

v B R A B 431 CIP £0354% 5(2006) 45 057213 &

A PR A IR T RO B A AR PR AR BIAREE LASPMS T & B BT 5 BT R
Copyright of the photos and drawings in this book reserved to respective design firms, except where indicated.

RIGY R BN 5 38 22 (R 90 BT ST R
Publishing supported by Institute of Architecture and Urban Space, Tongji University.

FEHE: Y BT

CIES:2 3 £intiangont=
SIHE / KON BLIUT - B3R IIG 5i%

*
FTEARL L RARR, RIT Goemsnmm
BT S
g AE 2 B A PR A FIHR
BEXHF (FHEY) ARG ER
*
A 889K X 11948K 1/16 EIFK. 1114 F#. 356 F=
2006 4F 8 A%—HR 20064 8 H % —KEIRI
L. 1-2000 fF <Efr. 102.00 5T
ISBN 7-112-08390—7
(15054)
REALFRE BIED#45T
WA B R R A, A A B
(HREC %P5 100037)
AF Rk http://www.cabp.com.cn
M g, http://www.china-building.com.cn




Fr

B
PEMFRET, AERAREREL. RARATFLRERRL A, FFAEHR

A SR, BRI AE—E R bt AR B3 17 S PR B R T B R
WA RR, DRACAISERR 5 B Tl i % R A R B R T R (5 BRI FR, 5 ART S
M FERRGLZ S, R BRMETROAFENRAARIIE, BA TSRS RRT 28,
LIS SO s RERE IR A, LT IE T OB 85 S R FEARERERO I NI W AT , iR % TR T 24 Bk
EOSFBERIBEIR AL ARAOBECHER . BB . OB, WIRME, SMBHE A% SHEES
Gde RIS AR 21 40 2Bk R S .

W% S FRATHI SRR, KR E RO AT LI | BT A K A RHE L T A B 2
GBI AR TR, HSTRERE 5 AL 2 BRI SR MR RSB T, 4 T RSO ,
BB . RETT R AR, RO ARIR, A LR RN, HIBEROIRIL . PrRhH I B ATR
Ttk R H OB R R RAE, KIS R B S, MRS B REEE,
SHURTHE G % B R 40 A ST AT B PR

R A T S TR A L TR AR 24 & B T — B, th B T AR e DA AT i
o Lse e RO 57, DAFERY S & B ST AIS J5 BT  fy T H 4 [ B2, — 16 0 2 ik X — i 47Tk
S%E A, HUEHAS . EE LN, BN, YR L —JUR LR Ak B SIS, BARMEIIIT AT,
AT R IR A B 5 2 AR R BB R T B B 200 A T, 105 AR BT 3 SRR
HAEAE . BB — BEE A &k A B BT GENZYME 08, JIY, (SR, W — e
PSR EFSNRIFETIC, 70 A RIPR ST 56 T A RS TT1 B 2 ST e

R T S SR K T Tt AT o, (015 26 T B BRI R AL I 28 P S 58, 41
AT R % L TBFSONUATTST AR B 2R, BT R B = AR 3%, PO (R R R BF AL R 3
B TR R, 1 b % S B BRI SRR 1 4 AR 2 R RO T R B & AR .
By S TR T AR, TR R R AOME A E RN B2 1 % B T U, TR R F T
KEK, 5 H RSB ERIRA,

T F 14 80 4 {1 35 00 4F LR UL 20 4F IS T DALRTR 5 B B0 B MUk BT, 5 A 21 140
PASK, ATHRSERR, EIRRE KRR S AUl b E AR R ARG Y 1 S BB, ER S,
FEVA ARSI AER . % KA AER 12 AR ROR T RE B ER A, 09 T BRI T TE R
AR, FEATMRT R AATIR T, B A AL TR R R BT R e o B B R
Bz —, EARMHEEEAK , —RIIA %R OIFE R TR R0 E BRF & L 7E 15 ST 207 , 86
FHEARIPRI TR 2 % BB IE R AL 2R 15, H BT — S B SRS O 250, iS00
IREERE RS, o E R SRR 0 oA A A B W RSP X BT T o [ T 4545
S RO NINOE L B

BT OA SR, RIS LT - 23 SR T X A AT 4 R U M



EHl, LHELER A FEB R I FrERAT Oy MR L2 7, FFE SR E M SRR, RRGRER
@< LEED AUERY RN, FeH A EMNARITER, Wrs 0T - 8% 8 B s AR BIA
KERBELENL, CTINEIRSEBTT MR TIE, B s UG KA R . XA 4
AR TAERHBOT P IR LTI — LB A I 5 779K, @A X 21 A el SRR Ble N 43 5 504,
JR TR SNSRI SRR AR X el S @ SRR PR S EUR), VAR A T A0TSR R 3 TR E IR
BERY AT RSB R 7 A —— M B SR EASE (AT B sl XA B 55 6 S RS B BUR B R SEME S, TEARI
ISR A0 PO RS A Y [R) B A K PR M 5 R R 2 %0 B IR NERIE BT, 38 B A RIE I v R st 3, IR,
AFWAE T E Y HT RS A SR B RRRRE IR,

MABRORA R, WalLAR S, ST ME &R 2Rt = R EEE R

—RAUFEOTREARENEARGE, BEXFAEREEAORARME B, BEPHRET, Wi
BUA R, ABIRRA ARSI R LB E H R A TR IR, X R RREE@ T &, F
SEAYRE TR XTSI H R B S E R, JUHXT RIS, 08 5L N B s A PR R AR A b TR
BT AR B AR IR T RFRIEILS, MOZERITI R b & E UM R SR ik #iE, e
EINRH B TE A SR R AR R i R R & N IR R QR A i, Rt R
HH A AREBE, ERIE. KHARG A,

—REEBRAN S EGRRIT EEMBRT BB AL, RO8E % T T RE AR, T B A
BFBOT BN ER TR, KRR EEN, EARSRENRN, MBI, BRKTRIR
RYAE, i Al R SRR TR AT S R R A PR SRR AL A — R AT R VR LR R S e

=R AFESOTARBRUO TR M SR EY, wiRMEFIG TR AN EGRITERE, XFEL
E. BV ANTAMH TRITAGEAL, 77 S B30 H SO 20 RN BE A 1E, REXRA AR KIE
AR SEERNE S MAT A,

BEFEHRUR, AEMEE CHFRRTFHIT.L, BERRMALBRSERATERIRE, £RE
BRNVAAWE S IMHE R LI, TR, ATRERRAROR AR A SEHALSERE, A
REHFH ASMHBRIE RS, Sodtd, ARy Sibhek, BURHA SRBN TR, IEH £3RE
it HARMAE AL X E R, REBER TS - PSS RTE ORITAS, SHESY —8
MFERHTEE: AR AAAEFEMNAKRTAEAARRA T LA E AREF, AZKKBAY BT
K BATEE: ARBRTEH IR, EETCHTR, FRTCHRTFA, SETEHLA, LA
ARLEN G, FRERLERT, RAERGR-ANEE Ry 90K, STROGFREET, Rk A
R A= 65K, AR H AR SRR

200646 H 21 H



Foreword

Zheng Shiling

Academician, Chinese Academy of Sciences,

Membere de I'Académie d'Architecture of France,
Honorary Fellow of the American Institute of Architects,
Professor, Tongji University

To some extent, the evolution of the architectural history and the advancement of the architectural technologies are also the continuous process
in which human beings struggle to alter the nature for better living conditions. The development of modern science, technology and industry has
provided this alteration with more information and means, making it possible to build comfort internal environment inside the architecture
completely independent of the natural system, without any disturbance from the nature's law. However, the artificial cosiness often depends
upon facilities that consume plenty of energy, such as air conditioning, illumination and ventilation, etc. the energy consumptions increasing
with the improvement in cosiness. This kind of development mode has eventually brought forth the global environmental and energy crisis at
present: substantive exhaust emission, greenhouse effect, climate variation, resource exhaustion, all of which have posed threats to the survival
and security of human beings. Environmental issues have become one of the global focuses in the 21st century.

Along with the continuous development of global economy, rapid urbanization process in developing countries, constantly improving living
standards of city dwellers as well as the higher and higher requirement for indoor cosiness, the proportion of architecture consumed energy in the
consumption of the entire society will continue to rise. Every year, a great volume of energy together with a great number of woods, bricks and
minerals have been spent on the new buildings and rebuilt ones, leading to soil erosion, vegetation degeneration, species decrease and environmental
deterioration. Meanwhile, issues like low land resource utilization, severe water pollution and high building material usage, etc. exist in the
process of construction. How to deal with the relationship between human and nature and realize sustainable development, this is a huge

challenge facing human beings in this century.

Designing and building sustainable architecture have gradually become one of main streams in today's architectural design. More and more
architecture firms have emerged with the sustainable design capacity as their core competition strength. Reputed architects and firms of the
past have also redirected toward sustainability, some of which have become the leaders in this sphere, including Norman Foster, Michael
Hopkins, Richard Rogers, Behnisch, Behnisch & Partner, etc. Three major respects with which the work has won its fame are first-class
architectural design quality, sustainable design concept and the corresponding technical approaches. The Lioyd's Register of Shipping by
Rogers and the Genzyme Centre by Behnisch, Behnisch & Partner are fine examples. Hence, in the field of architectural design, good
outlooks are no longer the evaluation standard, the keys have shifted increasingly to the attention on energy and environment.

Europe is leading the world in sustainable architectural design, thanks to the increasing strictness and completeness of the mandatory regulations
at the national level. In addition, The recent research achievements of specialised research institutes on sustainable design is approaching
maturity day after day, efforts have been made to support high degree of industrialization; educational and research institutes have attached
great importance and offered generous supports to sustainable development; as well as many non-profit civil organizations have proactivety
promoted and publicized the concept of environmental protection and energy saving in the public. As the first continent which has seen the
side effects of technology and industry, Europe is now pondering over the issue of balance, which is the extension of the sustainable development
concept, seeking a kind of concept and technology that is beneficial to the nature and allows balanced coexistence with the nature.

Over almost two decades from 1980s to the end of 1990s, our country has experienced a period of rapid construction with the focus on
economic development. Since we crossed the threshold of 215t century, the new concept of sustainable development, or the scientific development
approach, is rapidly shaping the dominant way of thinking in China's development and construction for the future. In view of architecture, the
state has formulated macro policies on architectural energy saving, based on which various cities and sectors have made regulations on
energy saving management respectively. Major domestic architectural design institutes are working proactively for a shift in the way of
thinking, beginning with new attempts on the design of architectures featuring environmental protection and energy saving. Education
institutions specialised in architecture have also started to make architecture energy saving design as one of the important breakthrough
points in the discipline development. Since this century, a series of international symposiums on green environment and sustainable development
have been held in many cities. The awareness of energy saving, environmental protection and sustainable development is going deep into the
social life. By far some model architectures featuring energy saving have been completed, such as the Demonstration building with uitra-low
energy consumption in Tsinghua University, the SRIBS Eco-Office & Laboratory Building, etc. All of this has indicated the arrival of the
sustainable design era in China.



Based on the above mentioned circumstances and contemplation, Yan Ji and Dr.stellios Plainiotis have compiled this book of recently
important cases by famous international design institutes. Yan Ji has acquired her master's degree in the direction of sustainable development
in the University College London, and is engaged in the architectural design practice in U.S. She is a LEED accredited professional by
USGBGC, also having considerable domestic design experience. Dr.Stellios Plainiotis is a Researcher Environmental Scientist, with postgraduate
degrees in sustainable architecture and virtual environments from the University College London and Ph.D. in Air Pollution Dispersion
Modelling from the University of Greenwich, London, UK. This book has explained some basic principles and methods of introducing
sustainable design into architectural design. With referral to and analysis of 21 cases on sustainable development, it represents the understanding
and choice of foreign architecture design firms, designers and engineers on sustainable architecture, as well as how they adopt the environment-
specific approach of sustainable development - from simple and passive utilization of nature to systematic design, taking comprehensive
consideration of various hi-tech means, optimise the reasonable utilization of a multitude of ratural and environmental resources white
taking the aesthetics and internal space into account, so as to create the innovative and sustainable architecture. Meanwhile, this book also

briefed on China's explorative experiments on energy saving and ecological architecture in recent years.
From the selected cases in this book, we can also conclude three noticeable points in the promotion and publicity of sustainable design:

First, sustainable design has high technological contents, but this doesn't mean “the more and higher technologies to use the better”, rather,
appropriate utilization is the key. The sustainable design projects demonstrated in this book are not intended to serve as examples for imitation.
As far as sustainable architecture is concerned, the particularity of environment plays the determinant role in the project design. Especially for
China, the variety of climate conditions and geographic environments existing on the vast territory has provided excellent opportunities for
designers to create by exploring and utilizing the natural resources. In the design process, the dependence on mechanical system should be
avoided. Unique and innovative design techniques shall be constantly explored with the design logic of respecting environment and the accumulated
experiences of various disciplines to improve the construction quality, to rediscover the quality of nature and to refocus on the perception of the
light, the sun and the wind.

Then, attention should be paid to the reasonable integration of technology with traditional design aesthetics and logic, avoiding the unilateral
emphasis on technology, which would result in the so called sustainable architecture at the expense of the architectural design quality. Technology
is important, though not essential. As for as architects are concerned, the architecture is always the main body of design, while sustainable design
will convert the sustainable development concept into an applicable and detailed design strategy.

Finally, sustainable design is not the attachment or supplement of architectural design, but an integrated design process with the architectural
design. This requires close cooperation of the landlord, the architects and engineers of each specialty in the whole process from site selection,
scheme formation to the project implementation. Only in this way can the social and economic benefits of sustainable architecture be brought
into full play.

As has been realized since the time of Copernicus, humans are not at the centre of the universe. Nor can they transit into the future in the blink
of an eye, no matter how much they long for it. The future remains to be created with unremitting efforts and perseverance. In the era of
globalisation, sustainable development should be based on ecological and sociological ethics, in which humans evolve and develop in
harmony with the earth that feeds them. Humans should pay respect to the earth, by way of controlling their own development as well as the
social and production organizations worldwide. As French scientist Claude Allégre pointed out at the end of his book, Ecologie des villes,
écologie des champs, human beings must be aware of the fact that the era of contending with nature has gone when humans survive by
struggling against the nature: to reform it, to exploit it, and to pollute it. An era of harmonious coexistence is unfolding itself. And this book
is aimed at the realization of the coexistence of humans and the nature.

June 21st, 2006
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Sustainable Design: Concepts and Strategies

1 AN SRR

BENIBREAMZ-RABCEREAENEDN RGN RES
BRRE. BTHRAAKRBINOBR2EZTHES, TAKRBERER
ETREXER. BRMEN. M. TNTERE. RFEE. ¥
ANELHFURREWERCREAENRE, hYWEMRIINEE
REBMTERE, NEmE BTSSR FRE.

EEAMIT. EIMEAPSIATHEIES, FUBEMRE
IRERANTRE. MERHEFTLREMBRNMS. BMERHN
W3l FHERUMmMRSLFRA.

BREAFEREG L EEZNTHEELE. "ERELRAE
HEKNBEROBN, FLEERRAXBEZECERNEN". 7
ARSI TARITNBA T IMEX . BRNRENEHEES
BARESRONEEERR. FEENIEXRSEFTANEW, B
HRDER. SREXRPH. THEBRANBRGHH. BRAME.
BRI & RFSRBELITE S RIUBMANEFUE
MRFFERP.

1.1 gERSHE

URHERRABRBAEENERF A AFSHERMALE
MBI B, BT HRESENAENEEY. BXEBHRETRE
REER R SERF AR TN,

BETR
BEFETN AT BERBS AT BEER.,
1) AT BERER

1 Sustainability and the Buildings

One of the main purposes of buildings is to provide a healthy and comfort-
able shelter for the occupants' activities. As people today spend most of
their time indoors, aspects such as energy efficiency, safety, quality of in-
doors air, thermal comfort, lighting, and acoustics of buildings, affect the
occupants' health, comfort and productivity, and the financial efficiency of
societies.

Buildings designed for sustainability can be defined as those buildings that
are constructed and operated in such a way that have their overall negative
impact on the occupants (in terms of health, comfort and productivity) and
on the environment (energy use, pollution) minimised.

The site, the construction materials, the design and the systems of sustain-
able buildings are integrated in such a way that they optimise the perfor-
mance in an economically profitable and environmentally friendly modet of
development, while enhancing the occupants' health, comfort and
productivity.

1.1 Energy and the environment

Sustainable development concepts applied to the built environment sug-
gest that buildings should not cause unnecessary load or risk to the
environment, for example in the form of energy use. Understanding the role
of energy sources and the impacts of their use on the environment is critical
for understanding the need of energy efficiency in buildings.

Modern civilisation has been based on man's increasingly effective haressing
of energy resources. Energy sources can be divided into sustainable
(renewable) and non-sustainable (non-renewable). Since the middle of the
last century, there has been an excessive increase in the global demand for
energy, as a resulit of global population growth and industrial development.
The utilisation of fossil fuels such as oil, natural gas, and coal has powered
the industrial development and most of the transportation needs of the
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industrialised countries.

Energy
1) Sustainable energy

Sustainable Energy Sources (SES), also called Renewable Energy Sources
(RES) are sustainable means of energy as they don't deplete natural
resources. Sustainable energy sources include solar power, wind energy,
geothermal energy, hydro (water) energy and biomass. SES capture their
energy from existing on-going flows of energy such as wind, sunshine, flow-
ing water, biological processes, and geothermal heat flows.

Solar power as a direct energy source has not been used in mechanical
systems until recent human history. However, it has been passively used for
many centuries as an energy source through architecture. Today, solar power
can be directly captured for heating and daylighting or can be converted into
electricity by photovoltaic cell systems (panels). A photovoltaic cell is a semi-
conductor device consisting of a large-area p-n junction diode, which in the
presence of sunlight generates electrical energy.

Geothermal energy derives from radioactive decay in the core of the planet.
It can be used to generate electricity or to produce heat.

2) Fossil fuels

Although excessive use of energy is usually a primary indicator of a country's
development or a higher quality of life, a number of problems are attributed
to our reliance on fossil fuels. As global energy use continues to expand, it
becomes more and more apparent that not only the supply of fossil fuels
has a finite end, but also that they cause economic and social difficulties.
These include global warming, human health problems caused by air
pollution, damage to land from mining and transportation of fossil fuels, en-
vironmental degradation caused by acid rain, water pollution and national
security costs such as dependency to foreign energy sources.

Fuels are mined or pumped from the ground, refined, transported and stored.
Environmental impact occurs since the process of removing fossil fuels from
their source. Exploring and drilling for oil may disturb land and ocean habitats,



3 4

VLT IR — AR ARBIR B 80T A 4 R

2. #EZ KK BT 6

Renewable Energy Sources (RES) are sustainable means of energy because they don't deplete natural resources

Cooling tower for a geothermal power plant in New Zealand. Photography: Allan Kilgour
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whilst coal mining modifies landscapes, creates erosion of earth and fa-
cilitates acid runoff. Enormous quantities of fossil fuels are moved every
year from production areas to where they are used and their transporta-
tion also has environmental impacts such as oil spills.

Climate change and the Kyoto Protocol

Swedish scientist Svante Arrhenius in 1896 was the first to observe that
human activities contribute to the atmospheric greenhouse effect. Conven-
tional combustion of fossil fuels for power generation contributes to a large
proportion of man-made greenhouse gas (GHG) emissions. GHGs act like
a greenhouse's glass, absorbing the infra-red radiation and trapping the
heat in the atmosphere.

Greenhouse gases accumulated in the atmosphere result in a rise of the
global average temperature which will disrupt the climate, cause seas to
rise and lead to other unpredictable consequences. The International Con-
ference on Climate Change held in 1997 in Kyoto, Japan, challenged gov-
ernments to improve their national environmental performances in terms of
reducing pollution and energy demand.

Table 1: CO and NOx Emissions, in tg CO/yr and tg NO:/yr by Sector

‘ Region Species J{ Domestic Fuel Industry Transport Power
I | { —

Cco 12.65 3.95 6.29 0

Central T T Fias
China 7 NO, 0.13 y 0.5 0.59 0.98

CO/NO, | 165.6 13 17.5 0

CcOo 8.66 4.35 11.66 0

‘ South NO B

China e 0.16 0.75 0.99 ‘ 0.74

90.1 19.29 0

‘ CO/NO 9.54 ‘

Source: Yuxuan X. Wang and Michael B. McElroy, "Asian emissions of CO and NOx: Con-
straints from aircraft and Chinese station data", JOURNAL OF GEOPHYSICAL RESEARCH.
VOL. 109, D24304, doi:10.1029/20041D005250, 2004.
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1.2 Benefits of sustainable building projects

Sustainable design principles incorporated into building projects can offer
various benefits including resource and energy efficiency, healthier and more
comfortable buildings, transportation efficiency, strengthened local econo-
mies and communities and generally an environmentally, socially and eco-
nomically sustainable vision for the future.

Benefits to the environment

Sustainability concepts can minimise the overall pressure on the environ-
ment by reducing waste, pollution, dependence on virgin materials, and
dependence on disposal facilities.

Occupants' and social benefits

Sustainability concepts applied to buildings can offer many social benefits
including:

* Enhanced satisfaction and productivity by providing more attractive places
for living and working.

* Improved health and comfort for the occupants.

* Support to local communities by using local resources that protect the
local economy.

* Less dependency on foreign energy sources (e.g. the price of fossil fuels).
* Protection of the neighbourhood through efficient use of resources and
recycling schemes.

Economic benefits

Although in most cases sustainable buildings involve additional construction
costs, major economic benefits can be derived from reduced operating costs
over the lifetime of the buildings. Such reductions include reduced energy
consumption and lower maintenance costs. Additionally, each of the above
described social and environmental benefits can translate into a bottom line
financial benefit to the building operators. The impact of improved occu-
pants’ productivity is not easily quantifiable; however the economic potential
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Smokestack at coal burning power plant in Conesville, Ohio, USA. Photography : Kenn W. Kiser

Sustainable architecture offers various social benefits

including protection of the neighbourhood through efficient use of resources and recycling schemes. Photography: Jamie Choy
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for savings is apparent with the current rise of salaries. Even small improve-
ments in employees' health and productivity achieved through enhanced
health, comfort and decreased absenteeism may count for considerable
savings for the building operators.

2 Sustainable Design Strategies

2.1 Environmentally-responsive design and construction stra-
tegies

Sustainable building involves a variety of strategies during the phases of
design, construction and operation of building projects.

Initial site planning is a key issue for the future performance of the building
and factors such as the selection of building materials, the design, orientation,
and landscaping, the topography and the site's vegetation all have a great
impact. The basic considerations include (Fig.8):

* Indoor Environmental Quality: Occupants' health, comfort and safety, all
linked to the indoor conditions such as temperature, humidity, air quality,
noise control and effective lighting.

* Site planning: preservation and protection of the natural and social fea-
tures of the site, appropriate building location and orientation and vegetation.
Ideally, sustainable site planning utilises the natural features available at the
site to minimise the energy requirements for heating, cooling and ventilation.
* Resource Efficiency: Energy efficiency accomplished by utilising passive
solar heating and cooling, daylighting, natural ventilation and the use of effi-
cient lighting equipment and appliances. Efficiency in resources by using
environmentally friendly materials and appropriate water and waste man-
agement etc.

Environmentally-responsive site planning

For any sustainable building project, prior to the design phase it is of high
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importance for the design team to be involved in the site related decisions.
The main purpose of sustainable site planning is to identify the environ-
mental characteristics of the site in order to decide whether it is appropri-
ate for the proposed use and research ways to better integrate the build-
ing within the site to optimise its performance.

1) Location selection, vegetation and landscaping

Environmental responsive site planning can minimise the negative impacts
of the project on the environment and on the community character, pre-
serve the existing vegetation and may possibly assist in revitalising urban
areas. Environmental characteristics such as the site's microclimate
(temperature, humidity and prevailing winds), regional-topography, shading
and natural vegetation significantly affect the performance and the choice
of environment techniques.

In any case, the redevelopment and regeneration of an urban or suburban
site should always be considered and preferred to penetrating virgin/natural
land.

Topography can add protection from summer sun, while providing shelter
for winter sun exposure. It can also influence the air movement and affect
the indoor air humidity. A south slope can be beneficial if the building is
sheltered into the hillside from the north side while exposing the south
facade to the sun.

Trees and vegetation not only aesthetically improve the landscape but
can also enhance the overall energy efficiency, by protecting from cold
winter winds and providing shading for summer cooling (Fig.10). Preserv-
ing local trees and vegetation on the site instead of removing and replac-
ing them is more cost-effective and should always be preferred. When
planting is required, native varieties and life that already exists in the local
ecosystem should be preferred, to protect the biodiversity and the local
character.

Accessibility to public transportation and proximity of the site to businesses
and commercial operations are very important for reducing the emissions
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and energy usage due to transportation. Moreover, the infrastructure and
services of the area should be considered, such as water, energy supply
and waste management.

Possible existence of harmful pollutants, quality of air and high noise lev-
els not only affect the opportunities for health and comfort but also the
overall construction cost (e.g. expensive glazing and sound insulation re-
quired to reduce noise levels, or air pollution sources affecting the chances
for natural ventilation strategies).

2) Orientation

A building's orientation has enormous impact on its ability to optimise the
opportunities for health, comfort and energy efficiency. Natural lighting
(daylighting), passive solar heating, and natural ventilation strategies are all
linked to the building's orientation (Fig.11, 12).

In the northern hemisphere, walls and windows facing south and east per-
form better than those facing north and west. This is because harsh winter
winds hit the northern windows, while unshaded west windows permit the
unwanted heat in summer to penetrate the interior.

Therefore, a good practice for taking advantage of the beneficial solar gains
in winter is to apply an orientation that maximises the south-facing surfaces
such as walls and windows. On clear winter days the south-facing surfaces
should receive unblocked sunlight from 9:00 to 15:00. The southern orienta-
tion can vary from 30° east to 30° west. In cases where windows are
applied on the west facing surfaces, good summer shading should be
applied, to minimise potential overheating problems.

If a site has prevailing summer breezes, the building should be orientated
in such a way that it can take advantage of natural ventilation and cooling
techniques.

Building envelope

The building envelope performs as a barrier between the interior of build-
ings and the outdoor environment (Fig.13). The building envelope is the
combination of the following elements: exterior walls, roof, foundations
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(basement floor) and windows. The building envelope is itself part of the
building's lighting, heating, and cooling system. A tight building envelope
can provide good thermal and moisture control and support reductions in
building energy use (Fig.14).

The basic function of the building envelope is to separate the interior from
the external environment, as related to:

* temperature (thermal insulation)

* air (ventilation control)

* water (rain, snow, moisture-control)
* noise (sound insulation)

* light (combination of transparent and non-transparent surfaces to insert
and distribute sun-lighting)

*human and other biological organisms (safety, privacy, health).
1) Thermal insulation

Thermal insulation is a key aspect for a sustainable building envelope and
refers to any material that is used for its ability to slow the heat transfer
throughout its body. Many types of thermal insulating materials exist, each
having different thermal insulating properties, usually measured in "R-values".
The R-Value of a material rates the resistance to heat flow throughout its
body. As expected, in each different climate, thermal insulation of a differ-
ent "R-Value" is recommended for achieving an effective thermal insulation.

Sound insulation refers to the ability of a material to reduce airborne sound.
Improved sound insulation is generally offered by high-mass, dense and
well sealed materials.

2) Windows

Windows and other glazed external surfaces provide ventilation, noise control,
natural daylight, security and allow views connecting interior and outdoor
spaces. Windows have a major impact on the energy efficiency of the build-
ing envelope as they are responsible for half of the overall heat losses in
most buildings. Their performance is usually measured by:



