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ABSTRACT: Several authors reported a severe reduction inrgraiuate applications to civil engineng in
different countries. This fact will lead to a seveshortage of civil engineers in the coming yeahese pro-
fessionals will be especially needed to tackleastiucture construction and rehabilitation on atexinof
climate change and increased world population. éfatte explanation for the low attraction capaypitif civ-
il engineering relates to the fact that this cousseiewed as low tech. A scientific and technigpgrade of
the civil engineering curriculum is, therefore, ded. Nano and biotech based materials and techiesléay
the built environment could refresh the attractodnhis area. The environmental challenges faced Blanet
that has about 220,000 new inhabitants each dayrandvill have more than 9,7 billion people by QGind
11,2 billion by 2100 means that a strong eco-eafficy focus of the new curriculum is also needed s
context a proposal on a new curriculum on SmartEHéaient Built Environment is suggested that abul
provide the construction market with professionelh a set of new and enhanced holistic high tdaltss

1INTRODUCTION engineering was never known to be associated with
high tech startup creation. This is a sign of e |
innovation level which is confirmed by its low pa-

In UK several authors (Byfield, 2001; Edwards et al tenting level. In the US the patenting level onilciv
2004) have reported a worrying reduction on appliengineering falls behind other areas (Rothe, 2006).
cations to civil engineering. Other countries face According to Keefe (2012) very few civil engi-
similar problems (Lawless, 2005; Hubbard and Hubneers take their innovations to the United States P
bard (2009). tent and Trademark Office (USPTO), in contrast to

Quapp and Holschemacher (2013) mentioned thdahe considerable number of electrical and mechani-
in German almost 50% of civil engineer student’scal engineers. This low innovation level undermines
drop out aggravating the shortage of civil engiaeer the prestige of civil engineering and contributes t
India is also facing a severe shortage of civilieng explain the reduction on undergraduate applications
neers to achieve its huge infrastructural develogme The solution for this will require important
targets. Again, as it happens in the US, the demargzhanges in the civil engineering curriculum. This
is not the problem (construction industry in Indiapaper analyses relevant issues regarding the eco-
needs civil engineers). This reason, however, howefficiency of the smart built environment and how
ever seems insufficient to motivate Indian studentshey can be incorporated into an updated civil engi
Part of the explanation for the low attraction dépa neering curriculum.
ity of civil engineering relates to the fact thit,In-
dia this course is viewed as “brick and mortar engi
neering” (Chakraborty et al., 2011). 2 SUSTAINABLE DEVELOPMENT

The fact that construction enterprises has low CONSIDERATIONS
productivity (Fulford e Standing, 2014) and compete
for lower bids having lower and lower profit margin
(Morby, 2014) means that construction enterprise®©ne of the oddest features of the humankind is the
will in future have less and less financial podsibi fact that it uses a huge amount of resources, dAclu
ties to offer high and attracting pay checks talciv ing non-renewable ones, leaving traces of pollution
engineers. This of course will contribute to a dedin the consumption process. This is worsen by the
crease in civil engineering applications. Also kivi fact that about 220,000 new inhabitants are born
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each day on planet Earth and will soon reach 970 the construction sector which, in fact, seems to
million by 2050 and 11000 by 2100 (UN, 2015). have been somewhat neglected by nanotech researct
A new approach to global sustainability was pro-to date (Pacheco-Torgal and Jalali, 2011a; Pacheco-
posed by Rockstrom et al (2009). This author sugforgal et al., 2012).
gested nine interdependent planetary boundaries Building energy efficiency is an issue of crucial
within which they expect that humanity can operatemportance for which nanotechnology could bring
safely. Unfortunately and strange it maybe humanitymportant improvements. The global market for en-
has already transgressed three planetary boundariesgy efficient building will go from 68 billion dtdrs
During the last century, materials use increased 8n 2011 to surpassing 100 billion dollars by 2017.
fold and, as a result, humanity currently uses atmo The recasting of the Energy Performance of
10 billion (13 tonnes of engineering materials perBuildings Directive (EPBD) was adopted by the
year and since materials demand will double in th&uropean Parliament and the Council of the
next 40 years, the environmental impacts will thereEuropean Union on 19 May 2010. The recast set
fore increase in a drastic manner (Krausmann gt aR020 as the deadline for all new buildings to be
2009; Allwood et al., 2011; Ashby, 2015). ‘nearly zero energy’; for public buildings, howeyer
The global construction industry consumes morehe deadline is even sooner — the end of 2018.
raw materials (about 3000 Mt/year, almost 50% by High performance thermal insulator materials are
weight) than any other economic activity, which em-consequently deemed necessary to achieve such tar-
phasizes its unsustainable character. Also, in thgets. Aerogel is a perfect example of a high perfor
next years the construction industry will keep onmance nanotech based thermal insulation material
growing at a fast pace. China will need 40 billionJelle (2011). Recent investigations show promising
square meters of combined residential and commeenergy efficiency results regarding the use of g&ro
cial floor space over the next 20 years - equivailen based materials (Filate, 2014; Buratti et al., 2014
adding one New York City every two years Since the majority of energy losses in a buildicg o
(Pacheco-Torgal and Jalali, 2011). cur through windows the improvements of windows
Unfortunately, sustainable development princi-thermal performance is crucial for building energy
ples have not yet been apprehended by Universitgfficiency. Aerogel based windows constitute very
curricula (especially in the case of the constarcti promising high tech alternatives. Buratti and Moret
sector). It is a fact that, in recent years, sdvasa (2013) compared the performance of seven different
thors theorized about the way to embed sustainabtgazings and found that granular aerogel glazing wa
development in higher education and several instituthe most efficient systems especially for cold cli-
tions made some efforts on this issue (Lozano, 2006nates leading to an annual energy demand decrease:
Holmberg et al., 2008; De Vere et al., 2009; Lozanoof about 10-20% when compared to the standard
2010; Waheed et al., 2011). However, it seems thaflazings. However, the eco-efficiency of aerogel
this is not the most effective approach. As Pachecavindows still remains to be proven by life cycle as
Torgal and Jalali (2007) put it, the fact that thesessment investigations.
awareness to sustainability issues raised in a few Another important nanotech research line con-
dispersed lectures is not the same as to change-an cerns the development of cool materials incorporat-
tire curriculum with an integrated vision on thistm ing new advanced nano-materials (Santamouris et
ter. As a result, the validation of any disciplime al., 2011). Cool materials have high solar reflecéa
any engineering curriculum must be put to a test irthigh albedo or low emissivity) allowing for the-re
which the one million dollar question islow can  duction of energy cooling needs in Summer. The
your discipline contribute to sustainable develop-Cool-Coverings FP7 project (Escribano et al.,, 2013
ment?” (Salcedo-Rahola and Mulder, 2009). Therewhich aim to the development of a novel and cost-
fore, concerning the civil engineering curriculun, effective range of nanotech improved coatings to
is important that the revised curriculum displays asubstantially improve near infrared reflective pop
strong commitment to sustainable development printies constitutes a very interesting ground fordtea-
ciples. tion of startups.
Also crucial is switchable glazing technology
based materials. This refers to ‘materials andadsvi

3NANOTECHNOLOGY OPPORTUNITIES that make it possible to construct glazings whose
FOR ECO-EFFICIENT BUILT throughput of visible light and solar energy can be
ENVIRONMENT switched to different levels depending on the appli

cation of a low DC voltage (electrochromics) or on
the temperature (thermochromics) or even by using
Zheng et al. (2011) stated that nanotechnologydcoulhydrogen (gasochromics). Electrochromic windows
help to convey a new vision for civil engineering.have shown a 54% energy reduction in electro-
This a hot area with an amazing growth potentialchromic windows when compared to standard single
Very few nanotech applications are currently in usglazed windows for a 25 years life cycle (Pa-



paefthimiou et al., 2006). Other authors (Yoshimurahe 80°s (Chisti, 1980) and has gained increased at
et al., 2009) studied gasochromics windows reporttention due to the need of renewable energies.iArch
ing a 34% reduction on cooling needs when comtectural Photo-Bioreactors, are photo-bioreactors
pared to standard double glazed windows. similar to the industrial ones, and in the same,way
The most challenging point of smart windows atfulfil the functioning of cultivating microalgaehe
the moment is their higher cost compared to the othnnovation is its integration into architecture.€erh
er glazing technologies (Cuce and Riffat, 2015synergy generated by summation “profits” turn the
However, it is expected that in the next years, architecture into iconic, environmentally didactic,
higher performance and lower cost switchable glazactive energetically, surface saving and environmen
ing windows will be available. tally friendly, all with minimal increase of thetost,
that is, with very low investment and high returns
(Cervera and Pioz, 2014). Although more investiga-
4 BIOTECHNOLOGIES FOR ECO-EFFICIENT tions are needed to optimize this technique it has
BUILT ENVIRONMENT high potential for startup creation for the enesffy
cient built environment.

Biotechnology is one of the world's fastest grow-
ing industries. As such, it could constitute, ie f- 5FOCUS ON HOME USER’S PROBLEMS
ture, a hot area allowing for radical changes i th
eco-efficiency of construction materials and tedhno  This author believes that first and foremost civil
ogies. Since biotechnology is one of one of the sixengineering should focus on individual home user’s
Key Enabling Technologies-KETs that will be fund- needs just because different users have different
ed under the EU Framework Programme Horizomproblems thus needing millions of tailored solusion
2020 (Pacheco-Torgal, 2014) this can also foster thThis represents a market of millions of clientsttha
development of start-ups in the field of bio matkxi could help fostering startup creation. In that eant
and technologies for the eco-efficient built enmiro it is important to review home users comfort redate
ment. issues that need to address and may constitute busi
These may include the use of admixtures basedess opportunities to the built environment profes-
on renewable bio-based feedstock’s and or capabkonals.
of biodegradation to replace chemical admixtures The importance of light for a heath human condi-
used in Portland cement concrete. Examples of biion is a recent discovery with the potential todna
opolymers used in concrete include for instance ligmajor impact on built environment design. Light has
nosulfonate, pine root extract, protein hydrolysate circadian, neuroendocrine and neurobehavior effects
or even vegetable oils. Biotechnological admixtured.ight has a relevant role in improving behaviour,
processes made in fermentation processes by usistgep and circadian rhythmicity of older people af-
bacteria or fungi are seem receiving increasech-atte fected by diseases such as dementia and Alzheimer
tion. This includes sodium gluconate, curdlan onVan Hoof et al., 2009; Dowling et al., 2005). This
Welan gum (Planck, 2004, 2005). an important issue because Europe a large number of
However, farming practices used to grow bioolder people live in old buildings that are exposed
based feedstocks including the fuel required foinsufficient daylight exposure and this group il
plowing, harvesting, manufacture, transport and therease in the next decades. In most countriesethe r
use of herbicides and pesticides can also have higluirements associated with daylight are based only
environmental impacts as high of petrochemicabn minimum window size as a percentage of floor
based polymers (la Rosa, 2015). The use of alternarea or of wall area, i.e. they don't guaranteaigho
tive feedstocks, which might be either waste- or bydaylight in concrete interiors in real urban patser
products or less energy and chemical intensivescrogHraska, 2015).
will improve its overall environmental performance Another important problem is related to users be-
(Koutinas et al., 2014). Investigations on cellelos haviour concerns building energy consumption pre-
nanocrystals (cellulose elements having at least ordiction because most often it assumes a standard us
dimension in the 1-100nm range) constitute an imef the buildings and underestimates the real bugjdi
portant biotech feature for building energy effimg  energy consumption (Bonte et al., 2014). This gap
(Charreau et al., 2013; Chivaril et al., 2014; Ckéen can be as much as of 2.5 the predlcted energy use
al., 2014). (Menezes et al., 2012; De Wilde, 2014). Such differ
Another important biotech feature for eco-ence is related to occupant’s behaviour that styong
efficient built environment concerns the productioninfluence the building energy consumption. Yang et
of bio-energy trough microalgae. Photosynthetic mi-al (2014) provides a review on the influence of
croalgae use sunlight as their energy, water ds theahermal comfort and building energy consumption
electron source and G@s carbon source. The useincluding the importance of socio-economic and cul-
of microalgae for biofuel production goes back totural issues. Thus being able to conveniently adapt



building to its occupants ensures a better indoor$able 1. Current Civil Engineering Meng curriculum

working and living environment. This means that
building design must be dynamic enough to fit occu

uilt Environment

at the Imperial College London (ICL) and suggested
core modulus for a curriculum on Smart Eco-Effitien

pants with different consumption patterns and tha
adaptation will require tailor made solutions cdpab
of creating new business opportunities to the built
environment professionals.

Smart home solutions especially for users with
special needs are another important area that me
unleash a lot of business opportunities for to the
built environment professionals. According to De
Silva et al (2012) the investigation on smart homes
begun in 90s with the MIT pioneering work “Smart
rooms” (Pentland, 1996). Other authors (Wong et
al., 2005) mentioned that Intelligent Buildingsrsta
ed three decades ago. For this author Intelligen
Buildings not only are responsive to the occupants
needs but at the same time are sustainable in tern
of energy and water consumption and maintains 4
minimal impact of the environment in terms of
emissions and waste including the use of self-hgali
and smart materials technology (Clements-Croome
2011). The concept “smart buildings” have been as
sociated with a more recent and advanced groupin
(Buckman et al., 2014) that integrate and accoamt f
intelligence, enterprise, control, and materialsl an
construction as an entire building system, with
adaptability, not reactivity, at its core, in order
meet the drivers for building progression: enengy a
efficiency, longevity, and comfort and satisfaction

6 A PROPOSALFOR A NEW CURRICULUM
ON SMART ECO-EFFICIENT BUILT
ENVIRONMENT

Taking into consideration what was previously
wrote and using the prestige civil engineering cur-
riculum at the Imperial College London (ICL) as
base a proposal for a new curriculum on smart eco
efficient built environment is suggested. In ortker
design the new curriculum 15 new core modulus are
incorporated on ICLs existent civil engineering
MEng curriculum (Table 1).

Given the importance of eco-efficient construc-
tion materials two new modules on this issue are tq
included respectively in the first and on the secon
year. This option recognizes the increased im-
portance of materials for the construction indussy
well of its major environmental impacts. A module
on biology and biotechnology basics is included on
the first year while a module on microbiology is
suggested for the second year. This will help futur
practitioners of the construction industry to under
stand the language of their fellow colleagues from
while a module on nano and biotech applications ig
to be included in the third year.

Existent core module
at the Civil Engineering
at ICL

Suggested core modules:
a eco-efficient built envi-
ronment undergraduated
curriculurr

Year 1
l>Professional Engineering
Practice
Drawing
Surveying
Creative Design 1
Materials
Mechanics
Structural Mechanics
Fluid Mechanics
t Geotechnics
Mathematics
nEnvironmental Engineer-
hing Science
Computational Methods |
Energy & Infrastructure |
Introduction to Civil En-
' gineering
T Year 2
gCreative Design II
Fluid Mechanics
Structural Mechanics

ology
Environmental Engineer-
ing
Statistics
Mathematics
Computational Methods Il
Structural Design
Fluids Design
Project & Business Man-
agement
Year 3
Structure and Geotechnic|
Projects
Structural Mechanics
Fluid Mechanics
- Transport Systems
Environmental Engineer-
 ing
Geotechnics
Computational Engineer-
ing Analysis
Dynamics
D Optional 1
Optional 2
The year ends with a five
week group design projec
Year 4
Core modules
Individual Research Pro-
ject
Student Conference (Fina
Activity)
Optional modules

Soils and Engineering Ger

Year 1
Professional Engineering Pral
tice
Drawing
Creative Design 1
Mat. for eco-efficient con-
struction 1 (New)
Mechanics
Structural Mechanics
Fluid Mechanics
Mathematics
Computational Methods |
Nanotechnology basics (New|
Biol. and biotech. basics
(New)
Smart built environment eco-
efficiency (New)
Entrepreneurship skills (New
Humanities/SS (New)
Year 2
Structural Mechanics
Soils and Engineering Geolo-
)%
Statistics
Mathematics
Computational Methods I
Structural Design
Fluids Design
Materials for eco-efficient
construction 2 (New)
Circular economy and life cy-
cle analysis (New)
Microbiology (New)
Humanities and social scienc
s(New)
Year 3
Structure and Geotechnics
Projects
Computational Engineering
Analysis
Apps for the smart built envi-
ronment (New)
Low carbon build. design
(New)
Biomimetics and bioinspired
design (New)
Nano and biotech application
(New)
t.Humanities/SS (New)
Start-up creation and Busineg
Management
Optional 1
Optional 2
| The year ends with a five-
week group design project.
Year 4
Core modules
Individual Research Project
Student Conference

[2)

Optional module




biology and enhance future collaborations betweeAshby, F. 2015. Materials and sustainable developnférst
the two areas. A module on nanotech basics is also €dition Butterworth-Heinemann, Elsevier, Oxford, UK

; : : Byfield, M.P. 2001. Graduate shortage: The keyiwl engi-
EIPhgeslnmcf';I\LrjtdZ((j:(;)gft]‘?geflr:;t/y(()e?rtl‘(l)ef tgﬁilrt]e;vn\(iﬁ?)[‘:lnrﬂent neering's future? Proceedings of the InstitutiolCivil En-

. i s . : gineers: Civil Engineering 144 (4), pp. 161-165

merits the inclusion of one module in the firstiyea  Bonte, M., Thellier, F. & Lartigue, B. 2014. Impaat occu-
module on the section year related to the circular pant's actions on energy building performance &edntal
economy and life cycle analysis (Pacheco-Torgal, sensation. Energy and Buildings 76, 219-227.
2013). The inclusion of module o the third year reBuckman A., Mayfield, M. & Beck, S. 2014. "WhatasSmart

T . . Building?", Smart and Sustainable Built Environmeérbl.
lated to low carbon building design will allow the 5 Issue 2 pp. 92 — 109.

fulfillment of nearly zero energy building targets gyrati, c. & Moretti, E. 2013. Chapter 20 -Nanogehdows.
(Pacheco-Torgal et al., 2013a). The inclusion of a In: Torgal FP, Mistretta M, Kaklauskas A, Granqv@B,
module on entrepreneurship is needed because it is Cabeza LF (ed) Nearly Zero Energy Building Refurbis
crucial for startup creation. In the current comtefx (fjnentl_itdA Multidisciplinary Approach, Springer-Verlagn-
; ; on Ltd.

zv?lllmbge hrlr?(l)‘]ree C(Ijurgﬁzzg Chilghthuenenrgftlog Q:the;atgfarttz ervera, R. & Pioz, J. 2014 Architectural bio-phogactors:

. > . Harvesting microalgae on the surface of architect@63-
creation could become a way to solve this serious 189, in Biotechnologies and Biomimetics for Civihdi-
problem. The development of apps for the smart neering, Eds Pacheco-Torgal, F.; Labrincha, J.r2ii,
built environment merits the inclusion of a new M. Yu, C.-P;Lee, HK., Springer, London
module on the third year. This could become a kefhakraborty, S., lyer, N, Krishna, P. & Thakkar,2811. As-
skill for practitioners of the construction indystr ~ Sessment of Civil Engineering Inputs for Infrastuue De-

. . velopment. Indian National Academy of Engineer-

and a startup cre_atlon_trlgger. Three mOdUIeS G_n hu ing.http://ww.inae.org/research_studies_civil_eaegring.
manities and social sciences are also includedant  pim
new curriculum. Social related skills are of para-Charreau, H., Foresti, M. & Vazquez, A. 2013. Nailntose
mount importance in future civil engineering curic  patents trends: A comprehensive review on patemts o
ulum. Humanities knowledge is especially needed cellulose nanocrystals, microfibrillated and baieter

e T ; ; ) cellulose. Recent Patents on Nanotechnology v@6730.
because it is literature, especially in the forrmoy Chirayil, C., Mathew, L. & Thomas, S. 2014. Reviefwecent

e'_ and t_raged_y, which hig_hli_ghts hOV_V pe(_)ple COP€  esearch in nanocellulose preparation from differen
with ethical dilemmas. This is especially important |ignocellulosic fibers. Rev Adv Mater Sci 37, 20-28

in the context of climate change which raises manghen, W, Li, Q., Wang, Y., Yi, X., Zeng, J., Yu, Hiu, Y. &
guestions with ethical dimensions rooted in the hu- Li, J. 2014. Comparative study of aerogels obtaifrech

man condition. (igf:rfsnily prepared nanocellulose fibers. Chem3$wst 7,
Chisti, Y. 1980. An unsual hydrocarbon. J Ramsay %628,

24-26.
7 CONCLUSIONS Clements-Croome, D. 2011. Sustainable intelligenitdngs

for people: A review. Intelligent Buildings Inteti@nal 3,
In order to propose a new curriculum this paper re- 67-86.

views related literature. Nano and biotech oppd)rtun Cuce, E. & Riffat, S. 2015. A state-of-the-art ewion innova-

. C : tive glazing technologies. Renewable and SustaénBhbkr-
ties are highlighted. Issues related to indoorskwor gy Reviews 41, 695714,

ing and living conditions as well as smart homesye Silva, L., Morikawa, C. & Petra, . 2012. Stafethe art of
features are also reviewed. The new program is not smart homes. Engineering Applications of Artificlatelli-

meant to replace the civil engineering curriculdim. gence 25, 1313-1321. _

is rather obvious that the civil engineering curfic Det\r/]ere, L, B'S,i?“ Johnson, K. &ﬁhong, C. (i?ﬁg)m?gng
H . H H H € responsiple engineer: soclally responsi egdmn

lum, as we know it will continue to exist in thexne sustainability in the curriculum. EPDE09/134, Imiztional

decades. On one hand, some countries do not have 8conference on engineering and product design eiduca

civil engineering curriculum demand problem,' at & 11 September 2009, University of Brighton, UK
least not yet. As a consequence, they haven’t thEe wilde, P. 2014. The gap between predicted anasared

necessary drive to operate radical changes omit. O energy performance of buildings: A framework fovesti-
the other hand, because civil engineering relieshe _ gation. Automation in Construction 41, 40-49.

: wling, G.A., Hubbard, E.M., Mastick, J., Luxenbei.S.,
ily on standards, and so far, standards on nano ar?(TBurr’ RL.& Van Someren. E.J. 2005. Effect of mami

b'qteChn()lOg'eS for the construction 'ndl,JStry do no bright light treatment for rest-activity disruption institu-
exist. However, the time has come to discuss an al- tionalized patients with severe Alzheimer’s disedsterna-
ternative curriculum. tional Psychogeriatrics 17(2):221-36.

Escribano, M. & Keraben Grupo SA. 2013. Developraa
novel and cost-effective range of nanotech improvest-
ings to substantially improve NIR (Near InfraredflRe-

8 REFERENCES tive) properties of the building envelope, FP7 Bcbj
. http://cordis.europa.eu/project/rcn/94644 _en.html
Allwood, J., Ashby, M., Gutowski, T. & Worrell, 2011. Ma-  Fylford, R. & Standing, C. 2014. Construction indygroduc-
terial efficiency: A white paper. Resources, Couaton tivity and the potential for colaborative practideterna-
and Recycling 55, 362-381. tional Journal of Project Management 32, 2, 315-326



Hraska, J. 2015 Chronobiological aspects of gredfdihgs
daylighting. Renewable Energy 73 (2015) 109-114.

Holmberg, J., Svanstrém, M., Peet, D.J., Mulder, Rerrer-
Balas, D. & Segalas, J. 2008. Embedding sustaibalil
higher education through interaction with lectureGase
studies from three European technical universi@sope-
an Journal of Engineering Education, 33 (3), pf.-282

Hubbard, B.J. & Hubbard, S.M. 2009. Activities tahance
civil engineering recruitment and coordination wittdus-
try. Transportation Research Record, 22-30.

Yang, L., Yan, H. & Lam, J. 2014. Thermal comfontabuild-
ing energy consumption implications —A review. Apdl
Energy 115, 164-173.

Yoshimura, K., Yamada, Y., Bao, S., Tajima, K. &adla, M.

2009. Preparation and characterization of gasoderom

switchable-mirror window with practical size. So&nergy
Materials & Solar Cells, 2138-2142.

Jelle, B. 2011. Traditional, state-of-the-art antlfe thermal
building insulation materials and solutions — Prtips, re-
quirements and possibilities. Energy and Buildirg3,
2549-2563.

Keefe, S. 2012. Patent eligibility: An open fielar fcivil engi-
neering. Civil Engineering 70-73.

Koutinas, A., Vlysidis, A., Pleissner, D., KopsabkeN., Gar-
cia, l., Kookos, I., Papanikolaou, S., Kwan, T. &LC.
2014. Valorization of industrial waste and by-produ
streams via fermentation for the production of civafs

and biopolymers. Chemical Society Reviews 43, 2587-

2627.

Krausmann, F., Gingrich, S., Eisenmenger, N., EbH.,
Haberl, H. & Fischer-Kowalski, M. 2009. Growth ifogal
materials use, GDP and population during the 26éttry.
Ecological Economics 68, 2696—2705.

la Rosa, A. D. 2015. LCA of biopolymers. in: Paadmrgal,
F; lvanov, V.; Karak, N.; de Jonkers, H. (eds) Rilymers
and biotech admixtures for eco-efficient constascti
materials., Woodhead, Cambridge, UK

Lawless, A. 2005. A wake up call to address theacp crisis
in SA civil engineering. Civil Engineering/Siviellhge-
nieurswese 13 (10), 40-43.

Lozano, R. 2006. Incorporation and institutionaima of SD
into universities: breaking through barriers tor@ Jour-
nal of Cleaner Production, 14 (9-11), pp. 787-796

Lozano, R. 2010. Diffusion of sustainable developtie uni-
versities' curricula: an empirical example from d@ifirUni-
versity. Journal of Cleaner Production, 18 (7), @®7-644.

Menezes, A., Cripps, A., Bouchlaghem, D., Buswell,2012.
Predicted vs. actual energy performance of non-dtime
buildings: Using post-occupancy evaluation dataeiduce
the performance gap. Applied Energy 97, 355-364.

Morby, A. 2014. Cost rises squeeze builders pnofdrgins.
Construction enquirer, 10 of February

Pacheco-Torgal, F. 2014. Eco-efficient constructond build-
ing materials research under the EU Framework Rrogre
Horizon 2020. Construction and Building Materials|\81,
151-162.

Pacheco-Torgal, F., Cabeza, L., Labrincha, J. & alf&ies, A.
2013. Eco-efficient construction and building mastist
Life cycle assessment, eco-labelling and case esgudi
Woodhead Publishing Limited Abington Hall, Cambugg
UK

Pacheco-Torgal, F., Cabeza, L., Mistretta, M., dakkas, A.
& Grangvist, C.G (2013a) Nearly zero energy buiidne-
furbishment. A multidisciplinary approach Springéegrlag,
London, UK.

Pacheco-Torgal, F., Diamanti, M., Nazari, A. & Coaist,
C.G. 2012. Nanotechnology in eco-efficient congtanc
Materials, processes and applications. Woodheadishub
ing Limited Abington Hall, Cambridge, UK

Pacheco-Torgal, F. & Jalali, S. 2011a. Nanotechyoldd-
vantages and drawbacks in the field of buildinganats.
Construction and Building Materials Vol.25, 582-590

Pacheco-Torgal, F. & Jalali, S. 2011. Eco-efficiembstruction
and building materials. Springer Verlag, London,.UK

Pacheco-Torgal, F. & Jalali, S. 2007. Does engingestu-
dents need sustainable development courses? ICBE 20
International Conference on Engineering Educatidie-
moving frontiers of engineering, Coimbra

Papaefthimiou, S., Syrrakou, E. & Yianoulis, P. @0Bnergy
performance assessment of an electrochromic windibim.
Solid Films 502, 257 — 264.

Pentland, A. 1996. Smart Rooms. Scientific Americah-62.

Planck, J. 2005. Applications of Biopolymers in Gtaction
Engineering. Biopolymers Online 29-39.

Plank, J. 2004. Application of biopolymers and othitech-
nological products in building material. Applied idvbbi-
ology and Biotechnology, 66, 1-9.

Quapp, U. & Holschemacher, K. 2013. Efforts to i@uhe
drop-out rate in civil and structural engineeringgrams.
Research and Applications in Structural Engineerivig-
chanics and Computation - Proceedings of the S#rra-
tional Conference on Structural Engineering, Med@®n
and Computation, SEMC 2013, 2545-2548.

Rockstrom, J., W. Steffen, K. Noone, A. Perssor§.FChapin,

[ll, E. Lambin, T. M. Lenton, M. Scheffer, C. Folkél.

Schellnhuber, B. Nykvist, C. A. De Wit, T. Hugh&s,van

der Leeuw, H. Rodhe, S. Soérlin, P. K. Snyder, Rst&aza,

U. Svedin, M. Falkenmark, L. Karlberg, R. W. Coy&fl J.

Fabry, J. Hansen, B. Walker, D. Liverman, K. Ricisam,

P. Crutzen, & J. Foley. 2009. Planetary bounda-

ries:exploring the safe operating space for humani-

ty. Ecology and Society 14(2): 32

Rothe, C. 2006. Using patents to advance the englineering
profession. Civil Engineering 67-73.

Salcedo-Rahola, B. & Mulder, K. (2009) Europeant&unable
Development Master Report. What has Europe goffés
TU Delft

Santamouris, M., Synnefa, A. & Karlessi, T. 201kirg ad-
vanced cool materials in the urban built environtienmit-
igate heat islands and improve thermal comfort .
Solar Energy 85, 3085-3102.

Van Hoof, J., Aarts, M., Rense, C. & Schoutens2@09. Am-
bient bright light in dementia: effects on behaviand cir-
cadian rhythmicity. Building and Environment 44(46-
55.

Wabheed, B., Khan, F., Veitch, B. & Hawboldt, K. 20An in-
tegrated decision-making framework for sustaingbidis-
sessment: A case study of memorial University. dEighd-
ucation Policy, 24 (4), 481-498.

United Nations (2015) World population prospectee 2015
revision. ._Department of Social Affairs, populati®ivi-
sion.

Wong, J., Li, H. & Wang, S. 2005. “Intelligent bdiihg re-
search: a review”, Automation in Construction, Vb4 No.
1, pp. 143-159.

Zheng, W., Shih, H., Lozano, K. & Mo, Y. (2011) lagi of
nanotechnology on future civil engineering practice its
reflection in current civil engineering educatidn.Prof. Is-
sues Eng. Educ. Pract., 137(3), 162-173.




