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Module Plan and Learning Outcomes

PLAN:

To offer basic, introductory, yet necessary
knowledge of using an integrated building
design approach (IBDA).

Student Learning Outcomes:

o Demonstrate understanding of the core
concepts and definitions related to IBDA,;

e Demonstrate understanding of the differ-
ence between IBDA and traditional build-
ing design and delivery process;

e Demonstrate an overview of the process
of integrated design;

e Demonstrate understanding of a histori-
cal view of design processes and the role
of integrated design in this history.

Core Concepts

Life cycle of a building

Design phases

Pre-design phase
Schematic-design phase
Design-development phase
Construction-documentation phase

Commissioning

High-performance buildings
Integrated building design approach
Inclusive design

Iterative process

Whole-systems thinking
Optimization

Lifecycle costing

Post-occupancy monitoring

Building Information Modeling (BIM)

Unnnih wyiwup W ntunigdwu
wnpmyntupubpp

MLUL

Unwyownyb, hhduwywl, Uepnwéwywu ghwnthp-
utp, npnup wuhpwdtwun Y hubu Yuwnnigby
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nbgpywé bwhiwgédwlu Unintgnidp (ChLU):

Aruwunnutph nLunigdwl wpnynitupubpp.
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BACKGROUND ON INTEGRATED staGunke3Nruuer GGLRGMh
BUILDING DESIGN, CONSTRUCTION, hLSEAMr4YUsd LUUQBUUL,
COMMISSIONING AND OPERATION yunnrsuuu, suluanrsuvuu

uvavtLNt B4 guluanrsuvul vuuhu

A Building’s Lifecycle Gtuph yEuuwthnip

Every building you see has gone and will go atp hwunhwywd jntpwpwlgnip 26LUp wgh) £ U
through several stages: it was designed, Ywuguh Uh pwuh thniiGph dheny. uygqpnid 26U-
constructed, commissioned; some were or  Rtpp Lwhiwgoéyty G, www' Ywnnigyt|, www
will be renovated; most will finally be demol-  2GUpU hp hwdwywpgbpny hwuduyt) £ 2whw-
ished. Figure 1 summarizes the stages in gnpéUwl, win 26UpLPh Uh Jwup whwnh yepwun-
the life of a typical building. nngyh Jwd wpntu huy ytpwunpngybi £ U npwu-
ghg awwntpp, h ytpgn, Ypwunytl: Unynpwywu
otUph wyn, wjuwbu Ynsywé* ycuuwhnih Lyw-
pwanpniejntup pGpwé Euy. 1-nud:

Figure 1. Stages in the life of a building that can have an impact on achieving building-performance goals

Includes pre-design phase, schematic-design phase, design-development
phase, and construction drawings and documentation phase with all the
specialized input from structural, mechanical, electrical, and civil
engineers, material and equipment schedules, etc.*

2. Construction Includes bidding process for construction services, site preparation, core
and shell construction, equipment and systems installations, and finishing
construction. At the end of this, depending on local building codes, an
occupancy permit is needed before the building can be used.

3. Commissioning This is the phase where mechanical equipment, such as elevators, HVAC,
lighting, etc., systems are tested for proper functioning. This is also the
phase where building maintenance staff are trained in the use and
maintenance of the installed equipment. Typically part of the construction
phase, this is a critical part of making a building work effectively. In case
of large, complex buildings, commissioning can take 6 to 12 months.

4. Operation User comfort and costs will be fully revealed at this stage. It is also impor-
tant for users to be educated about the best practices of using buildings to
save energy and water resources. A building could have the most state-of-
the-art efficiency equipment istalled; however, if users do not use the
building and its equipment intelligently, the designed efficiencies may not
be gained.

5. Renovation or After several years of use, a building may be renovated or its use may
reuse change. Depending on the scale of the renovation, architects and engine-
ers may be engaged in this process. Reuse of buildings is an attractive op-
tion if the building has historical or architectural value. Reuse of buildings
can also prevent the creation of a large amount of solid waste.
Construction waste often accounts for more than 50% of solid waste
generated in some countries.

6. Demolition Most buildings will be demolished after they have served their useful life.
The challenge for designers and builders is to ensure that the buildings
they design are made of components that can be reused and recycled.

Note: (*) Visit the website of the American Institute of Architects (www.aia.org) for descriptions of design phases and services. Particu-
larly useful is the 2007 document called Defining the Architect's Basic Services.
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objectives. Building-performance objectives
may include one or more of the following:

o High degrees of energy efficiency, with
low lifecycle costs;

e Carbon-neutral, net-zero, zero-carbon, or
carbon-negative buildings;

o Water-efficient buildings;
e Zero-waste buildings;

e Cost-effective solutions,
investment, operational,
perspectives;

from capital-
and lifecycle

e User comfort and health;

e Aesthetic attractiveness and marketabi-
lity.

These are performance objectives that may
be set by owners, regulation, market condi-
tions, or certification standards (see Module 3
for discussions of such standards including
LEED, BREEAM, and PassiveHaus). To
achieve these performance obijectives, it is
not sufficient to simply pick the right tech-
nologies (window systems, insulation mate-
rial, etc.); instead, the building has to be seen
as a whole with many interrelated parts, with
continuous communication on the design of
the parts and details, and monitoring through-
out construction and operation. For these to
take place, the historical linear design process
prevalent over the past century (and which
persists today) no longer suffices.

The terms used for this multi-disciplinary,
recursive approach include whole building
design,' integrated systems design, inte-
grated project delivery, integrated building
design approach/process, etc. In this module
we will use the term integrated building de-
sign approach (IBDA), which we will extend
to include construction, commissioning and
user-training stages, as all of these are inte-
gral to meeting many of the high-performan-
ce goals for a building.

génud’, huinbgpqwéd Lwhiwagsh Ukpywjwgntd,

gnigwuhpubpht hwulubnt juwpnnnipjwl ypw:
Ctuph hwdwp Uwhiwwnbujwd wprynibwyb-
nnLpjwl gnigwuhpubph wwywhnynuwdp JGodw-
wbu Yywhugwé ELU2dwéd thnytph hpwwuwgdwl
pupwgphg: GEuph EUGpqwwpnNLUWYBWnnLEjwl
wwhwugynn punipwanptpp ybwnp £ pwjwpw-
nGU hGnlyw UGy, wd Jh pwlh wwjdwuutppu.

e LUuGpqwwpnniuwybinnipjwl  pwpén  Jdw-
Jwpnwy, YyGUuwthnih gwépwpdbp 6wfu-
ubn,

e sbqnp, qpnuywl Ywd pwgwuwlwl wé-
huwéUwjhu wpwnwlGwnnidubpny 26uUpkp,

e wpnnibwytwn gpoginwgnpddwdp pGUpkn,
e >hUwpwnpwywu gpnjwywl pwithnuny 26U-
ptin,

e Jwwhuwwy UGpnpnudubph, 2whwgnpédwl W
YGUuwthnith  wnGuwuynituhg Swhiuwnnynt-
LUwybw (nLénLdutn,

e 2whwagnpénnh
wnnngntpnLu,

e gbnwghnwywl gpwygnieintt, nyniphu 2nt-
ywjuwgned:

hwpdwpwybunnieintt L

Lowd EuGpgwwpnnibwybnnipjwl wywhwlg-
Jnn punitpwantpp Yywpnn U uwhdwlydbp wywwn-
dhpwwnth  Ynnuhg, Ywpgwynpnn wywntpnd,
ontjujwywl wwjdwuutpny, Ywd hwyjwuwnw-
gnywl unwlnwnpwutpny (wjn unwunwpunlb-
nh JwuhU' UGpwnjw| LEED-n, BREEAM-n, UL Pas-
siveHaus-p, n&'u Unnnt| 3): Laywé EuGpgqwwnn-
jnibwyGunneejwl wwhwueynn puntpwagptphu
hwulbnt hwdwnp Jhwju d§houn inGpuuninghwut-
nh puwnpnipintup ((htuwpwthwlug hwdwywp-
agtn, gtpdwdbyniupg UynLebn W wjlu) pwywywu
sE. 2GUpp wEwp Enhinwnyb npwtu UGy wdpnn-
gnipintl’ punyugwé pwqUuwphy thnfuywuwwyg-
Jwd Jwubinhg, 2wupnibwywpwn hGnllb, Jwubph
L nGunwutph bwhiwagddwup, W UnUhenphugh
Gupwpybl 2huwpwpniejwl wdpnng pupwgpnid
U pwhwgnpédwl dwdwlwy: Yw hwdwn Uw-
funpn nwpnud (wjunpGu Yhpwnynn géwjhu Lw-
huwqgédwl gnpépuewgl wjlu pwywpwp skE:

Uniu pwagdwuwpndpiwjpl, ntynipupy dnuinbg-
dwl JbGe ogwwagnpéynn inbpdhulbpu Gu. wd-

pnng 26LUph huntGgpywé hwdwlywpgbph bwhiw-
26Uptph hunbgpywé Lwhiwagddwl dninbgned,

Jwd gnpéplpwg W wju: Uyu dnnniinud oginwgnpdybint £ 26UpEph huintGgpwé bwhiwagsdwu un-
nbgnid (ChLU) nbpdphup, nph hdwuwnU punjwjuytine £' pungpytiny bwl Ywnnignidp, 2whw-
gnpédwlu hwUdubp, L ognwwntptph yepwwwwnpwuwndwl thnu Gpp, pwUh np wjn pninpp dh wd-
pnnonLeinLtl U Yuwqund pGUptGph pwpép wpnynibwyGunnipjwl bywnwyubnhg 2wwnbphu hwulG-

[t hwdwn:

' “WBDG”, accessed May 2014, www.wbdg.org
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HISTORICAL VIEW ON
INTEGRATED DESIGN

Integrated and systems engineering ap-
proaches were developed by the military to
address the need for designing, manufactur-
ing and deploying highly complex systems
and equipment.” Eventually, these ap-
proaches were adapted to the aerospace
and automobile industries. With greater
complexity of modern buildings and the
high-performance standards placed on
them, there is interest to extend this ap-
proach to building design and construction.

Historically, this integration of design and
teams was performed by the master archi-
tect/builder. These were individuals who had
mastered the physics, engineering, con-
struction, and aesthetics of buildings. They
integrated all this knowledge and sensibility
to oversee the creation of a final product: a
building.

Today’s market conditions and complexity of
technologies, however, are very different
than they were in the days of the master
builders. While, on a small scale, one person
may wish to play such a role, for the most
part the role of the master builder is no
longer viable in modern society.

With the multiplication of expertise needed
to produce today’s buildings (with relatively
complex HVAC, electrical, plumbing, and
thermal efficiency requirements), there has
been a need for specialization. In place of a
master builder, there is a wide range of ex-
perts (such as structural engineers, mechan-
ical engineers, electrical engineers, civil en-
gineers, etc.) who design the components of
a building that an architect conceives.

For most of the past century, especially after
WWII, the process has been linear: the ar-
chitect designs the space; the structural en-
gineer gives the design of the beams, col-
umns, walls, etc.; the mechanical engineer
fits the HVAC and plumbing fixtures and
equipment s/he calculates to be appropriate;
the electrical designer specifies the electrical
network, and so on.

Such a linear approach, however, has its
shortcomings when it comes to buildings
that have to be high performance. To obtain

hLSEAMr4usd LUhUaABUUL
MUSUUYUL UuyLury

huntgpywé L hwdwlwpgwjhu Lwhiwgddwl
Unwintignidp dpwyyt) £ ghudwéd nudbph Yynnuhg'
pwpnwantu hwdwywpatph W uwppwynnpned-
utph Lwhiwagbdwl, wpunwnpniejwl W wnknw-
wjdwu Ywnphpubpp pwywpwpbint bywwnw-
ynyZ b ytpen, win uninkgnidutpp hwpdwnbgyby
GU wyhwghwjh, mhGqGpwglwgnipjwu W wy-
inndnphiwjhbu wpunwnpniejwlU nippinhu: GUG-
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innipjwup: Lpwup hunbgptghu wju pninp gh-
nbGhputpu nL dnwdnp Jwpnnniejnluutpp wju
JGppuwywl wpwnwnpwlph uwnbnénudp yb-
pwhuybnt hwdwn, npp Yngyned £ 2GUp:

Ltpywjhu 2ntywjwywl wwjdwuutpu no nGu-
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nGwpntd, rEplu, nw ntn huwpwdnp E, uwywju
Jbé hwoyny Jupwbwn 2hbuwpwph nbpp dwdw-
LUwywyhg hwuwpwynipjwl by wjlu ytuunt-
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dwdwluwywyhg 26uptph  (hwdbdwwnwpwn
pwnn gtnnigdwl, onwthnpudwl W onnpwydwl,
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uwyutpph mwpwsdwl wwjdwuutpnud dwulw-
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fjunwdp GUGL £ thnpuwphubint Jupwbun 2huw-
pwnutphu, ndptnp Uwhiwgdnid GBU Swpunwnw-
wtwh ynnuhg Jnwhnwgdwsé tuph pwnwn-
nhgutnn:

Uugjw| nwnph Jté Jwuh pupwgpntd, hwunyw-
wtu Spypnpn hwdw2huwphwhu wWwwnbpwaq-
Jdhg htGwn, wju gnpéplupwgp tnkl tE qéwjhu’

2 Azzedine Yahiaoui et al, A systems engineering environment for integrated building design, Edinburgh: International Council on

Systems Engineering (INCOSE), 2006.
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buildings that have to use 70% less energy
or 60% less water than buildings permitted
by today’s building codes in developed coun-
tries, a new approach is needed. This new
approach has to be different from the linear
approach to which many professionals have
become accustomed.

There have been attempts to address this
challenge at the “institutional” or “contract-
ual” level. At the institutional level, some
professional practices have integrated the
different stages of creating a building by
forming corporations that house all the nec-
essary experts within one firm. Among the
most prominent international firms today of-
fering multi-disciplinary expertise include
UK-based Arup, US-based Skidmore, Ow-
ings and Merrill (SOM), and UK-based Foster
and Partners. Bringing various types of ex-
pertise under one corporate umbrella ena-
bles a company to align professsional
knowledge and expectations with the overall
success of a project and the corporation.

It should be pointed out that these “instituti-
onal” solutions do not necessarily do away
with the need for an integrated design ap-
proach. They simply make it easier to imple-
ment IBDA. Simply aligning interests under
a single corporate or contractual interest
does not do away with the need to work on
and be vigilant about implementing an inte-
grated approach.

An alternate solution, a “contractual” ap-
proach, has also been used to foster design
integration. Design-build contracts or de-
sign-build-operate contracts (e.g. infrastruc-
ture projects such as roads, airports, etc.)
align the interests of the lead contractor with
the overall performance of the final product -
they avoid the all-too-often “blame-game”
between designers and builders which occur
when a building fails to meet its performance
expectations.® A design-build contract, how-
ever, may not always be available. A client
may decide against it for cost and other rea-
sons.

Moreover, building up and maintaining a
multi-disciplinary practice is expensive and
fraught with complexities with which few
architects or engineers wish to deal. The
great majority of designers and expert

dwpunwpwwbwnp bwhiwgdnd En nwpwépn,
swpunwpwagbw-ynuuinpniyunnpp tnwhu tn he-
dwuubph, ujntutph, Wwwnbph bW wjh bwhiwgh-
6p, dwpunwnpwgbwn-dGhuwuphyp hwpdwpbguncd
En 230 hwdwywnpgbpp W uwuwnBpuhywl no
uwppwynpnidutpp® Glubing hp Ynndhg Yw-
nwnpywséd hwdwwywunwupiwl hw2wpyubphg,
ElGywnpuwdwwnwywpwpdwU bwhiwagdnnp génud
En ElGYunpwuunigdwUu W UBpphU gwlgh ufub-
Jwl, W wyju:

UpnnibwybGwnnipjwl  pwpdp  gnigwlhputpny
2tuptiph ntwpnwd gqéwjhu Uninbgdwl Yhpw-
nnipyntup  ntbh npnawyh  pGpnie)nLluGp:
Unwuwnt hwdwp wjuwyhuh 26Uptnp, npintn
EuGpgwuwwnnudp  wbwp Et 70%-ny  Ywd
gnognwagnnonudp 60%-ny wwlwu |huh qun-
quwgwd Gpypubpnd gnpénn 2huwpwpwywl
unputpnid pnywnpjwé gnigwuhubphg, Uw-
huwgédwl thnynwd wwhwugynid £ Unp Jnnt-
gnid: Un Jdninbgnudp wmwpptpynud £ gbéwjhu
JGennhg, npp 2w Jdwulwgbwnubph hwdwn
wjupwl unynpwwl E nundti:

®dnpébp GU wpdbp wju Jwpunwhpwybnp |nudb|
huunhwnnighnw| YwJd wwjdwuwagnpwihu Jw-
Jwpnwyny: ULdwlwwhw Jwulwghwnwywl
thnpd ntubgnn wmwpptp thnpdwagbunubphu hw-
Jwptiny JGYy wnwuhph wnwy unbndtl Bu ynp-
wnpwghwubp, npnup 2Guptph LUwhiwgddwl
thnilGpp phuwnGgpdwu  wnwppbpwyutp  Gu
thuinpty  pUuunhwunnighnuw]  Jwwpnwyny:
PwqUwaninwjhu thnpédwpllnie)ntl wnwewp-
ynn wnwyby hwjnuph Jdhewqquwjhu puytpnt-
pjnLtultph pYpU GU Ywnwlunwd Uhwgjw Gw-
qwynpnipyniunwd (Uf@) hhduwnpywé «Upniuy»
(Arup), WUL-nLd* «Uyhnunn, Onthugu pun Utp-
hy» (Skidmore, Owings, and Merrill (SOM)), Ufa-
nw «dnuintp pun wwpwnubpu» (Foster and
Partners) puybGpniejnilltbpp: Fwqlwwnbuwy
Jwulwghwmwgnwdutbpp JGYy Ynpwynpwuinhy nw-
Uhph wwy pbpGlp puytpniejwlp  huwpwyn-
pniejntl £ nnwhu pwquwplntye Jwulwaghunw-
wu ghwbhplGpp U wylUywihpUbpp  hw-
dJwuwnbntl Spwaph W Ynpwnpwghwih punhw-
untp hwennnipjwup:

MGwp £ U2E[, np wju huunhunnighnuwy (nLénLU-
utpp, rEplu, (6U yGpwgund hunGgnywsé Lw-
fuwgédwl JUninbgdwl wUhpwdtunnie)niup:
Mwlp ywpquwuwbu hGunwgund GU ChLU hpw-
Jwlwgnudp: Pninp 2whtpp JGY Ynpwnpwwnpy
wd wwjdwlwagpwihtu 2whtph hGwn wwpqw-
wbtu hwdwwnbntbiny huwpwynp s JGpwguby
hunbgpywé Unuintgdwu hpwwuwgdwl

® For more on design-build or design-build-operate contracts visit the American Institute of Architects site (www.aia.org).
Lwhiwgénwd-2hbwpwpneeintt jwwwih Ywd bwhwgsdwl-2huwnpwnniejwl-2whwgnpddwl yuwwwih wwjdwlwgpbph yepwptpjwy
wyblh Jwupwdwul nenGyniejwl hwdwp wigbltp Swpunwpwwbwnubph wdbphyjwl huunhwnninh Ywjpp (www.aia.org).
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consultants are expected to remain
specialized and work independently from a
single corporate or contractual interest.

DEFINING IBDA*

IBDA seeks to achieve a wide variety of en-
vironmental and social goals while staying
within budgetary and scheduling constraints.
It relies on a multi-disciplinary and collabora-
tive team, the members of which make deci-
sions together based on a shared vision and
a holistic understanding of the project. It fol-
lows the design through the entire project
life, from pre-design through occupancy and
into operation.

The need to engage in IBDA increases as
high-performance goals are set for a build-
ing. To reach performance standards, com-
plex processes and systems have to be de-
signed and built. This requires recursive, in-
clusive problem solving with many feedback
loops. It also requires whole-systems think-
ing that considers the long-term, lifecycle
costs of a building. Figure 2 below compares
IBDA to the conventional design process.

ninnnLpjwdp  wohuwwnbine yuwd npw ulywunn-
Jwdp qgnU [huGnt wuhpwdbywnnie)nLun:

Uhpwnyt] £ bwl Wwjdwuwagpwihl dninbgnidp®
npwtu Uwhiwgbwjhu  wphuwwnwlpubph hu-
intGgpdwUu fupwhuniudwU wjipuinpwupwjhU |nt-
onwd: Lwhiwagonud-2htwpwpniEyntt Yuwwwih
ywd LUwhiwagbSdwu-2huwnpwnnijwU-2whw-
gnpédwl Ywwwih wwjdwluwagptpp (npn2 Gu-
pwywnnigwoépwiht  Uwhiwagétph nGwpntd,
huswhuphp GU' SwlwwwphUbpp, onwuwywyw-
jwuutpp W wju) gipuwydnp ywwwiwnnih 2whe-
np hwywuwnptgund Gu JGppuwlywl wpunw-
npwuph punhwuntp wuwnwpnnwywu gnigw-
uhputph hGin' puntuwthtny bwhiwgénnutph L
2hbwpwnutph Jhew 2wwn hwéwhu intnh nLuk-
gnn Jtnpp Jjntuh dpw pwpnbint fuwnhg, Gpp
pwup hwulnud £ 2GUph JuwwnwpnnwlwU gnigw-
upputpphu, ywd, npu wyth hwywuwywl E, Gpp
oGupp th hwdwwwwmwuhuwunwd uwywuybihp
gnLgwlhutphu?: LwhiwadnLd-2huwpwnnt-
rIntU ywwwih wwjdwluwagptpp, uwywju, Jhown
sE, np huwpwynp £ hunwd Yupt: Mwunyhpw-
wnntl upnn B nGd |hub npwlg Swhbph
wyblwgdwl U wj| ywwndwnubpny:

UyGLht, pwquwwpndhiwiht  gnpéwnnijpUtn
qupgugltip b wwhywubp pwly B Yws-

° ywunqwé wjuwyhuh pwpnnipiniuutpny, nph
hGwn ng pninp dwpunwpwwbnubpp ywd dwn-
inwpwgbwnubpu U gwuywunid gnpé nluGLUW:

Cwwn hwjwuwywu E, np Uwpiwagsénnutph L thnpdwgbun funphpnwwnnuGph aupnn JGdwdwu-
unipyntup bwhiwwwwnynieintu ntbh Ywd gGpwnwunid £ JwulwaghnwUw] b whuwwnbp UGy
ynpwynpwuwnhy Juwd wywjdwuwgpwjhl 2whGphg wulwju:

¢hULU-h UU3UULNtUL*

Ckuptph hunbgpywé bwhiwgédwl dnintignidp (ChULU)" Juwiny uwhdwudwé pjnigbh b ww-
LUwynpdwl vwhdwlUwthwynidubph 2ppwlwynid, plwwwhwwlwywl W unghwjwywlu (wju
Uwwwwyubp £ hGlnwwunnwd: Wu hnyup nunud £ pwquuwypndpiwjhu b hwdwgnpéwygwjhu
phuh ypw, nph wunwdubpp npn2nudutpp Yuwjwgunwd U hwdwwnbn® hhduybiny dpwagnph ybpw-
pEnjwi pninph Ynnuhg punnilGih nGupwywup W wdpnnpwwl wwwnybpwgdwu Yypw: Opwagph
wupnn® pupwgpnid wju hpwywlwgynid £ pun bwhiwagdh® uuwéd Lwpulwywl Lwhuwagddwu
thnihg Uhugl qpwntgnudp W whwagnpénidp:

¢hUU YyhpwndwU wuhpwdtywnnieiniup deéwunwd £ 2GUpGph wnol npwé pwnén wpnyntuwyt-
nnipjwl Uwwwnwylutphu hwdpupwg: Upnntbwybunnipjwl wjn unwunwnpunubGphl hwuubine
hwdwnp wuhpwdtwn GU hwdwihp gnpépuwgutn, hugwbu Lwl hwdwlwnpgtp, npnup wbwp E
Uwhiwagdytlu W unnigybl: Yw wwhwugnid £ juunhpubph nGynipupy, Uspwnwywu Uninbgnud®
hGunwnwnéd Ywwh pwquwehy ghyGpny: Wu bwl wwhwugnid £ wdpnnswlwl hwdwlwnpgw-
Jhu Unuintgnid, npp nhunwpynd £ 26Uph Gpwpwdwdybun, wdpnne YGUuwihnih wndbpn:

* This section relies substantially on an excellent report: by Busby Perkins+Will Stantec Consulting (BPWSC), Roadmap for The
Integrated Design Process: Summary Guide, Canada: British Columbia Green Building Roundtable, 2007. Another very useful resource
used substantially for this section is the Whole Building Design Guide, a program of the US National Institute of Building Sciences (see
www.wbdg.org).

Uju pwdhup qquwihnptl hhdujwd t Busby Perkins+Will Stantec punphpnwundwywu puytpnigjwl «hunbgpywéd Uwhiwgddwlu
gnnpéplpwgh pwjlGpp. wdthnth ninGgniyg» gbpwquwlg qGynygh 4pw, npp wwuwpwuwndb] £ Ywlwnwind, Pphnnwlwlwl
Uninudphwh Ywlwg pGUptph Yinp ubnwuh hwdwp: Wu pwduh hhdpnud npdwé JBY wyp 2w oginwlwp wnpjnip £ «SGupp npwtu
wdpnnonipintl  bwpuwgédwl ninbgnig», CShuwpwpwywl ghwnipniuubph UWUL  wqqwjht  hUunnhwnnunh  dpwghp  (nb'u
www.wbdg.org):
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Uinnpl pGpdwé uy. 2-nid ShLU-p hwdtdwwnynid £ unynpwlwl Uwhiwgddwl gnpéplupwgh
hGwn, npp (wjunpBU Yhpwnynwd En 20-nn nuinph Gpypnnpn YGuhu:

Figure 2. Comparison of IBDA and conventional design approach

Integrated Building Design Approach
l (IBDA) Conventional Design Approach

Inclusive from the outset

2 Front loaded - time and energy invested
early
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Whole-systems thinking

Allows for full optimization

Seeks synergies
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Lifecycle costing
9 Process continues through occupancy

Involves team members only when essential

Less time, energy and collaboration exhibited in

VS early stages

vs. More decisions made by fewer people

vs. Linear process

vs. Systems often considered in isolation

vs. Limited to constrained optimization

vs. Diminished opportunity for synergies

vs. Emphasis on up-front costs

vs. Typically finished when construction is complete

Source: Busby Perkins+Will Stantec Consulting, Roadmap for the Integrated Design Process (Canada: British Columbia Green Building

Roundtable, 2007)

Ljwp 2. ShULU -h b unynpuywl bwhiwgddwl Uninbgdwl hwdtdwwnnip)niup

GEuph huntgpywé bwhuwgsdwl
l Ununkgnid (GhULU) Unynpwlwl bwhiwgédwl dninbgnid

1 b uygpwlt Uepgpwyywsd
Jwnopnp UGpnub| cwdwuwyp W
Eutpghwl

3 Cunwpéwy phuh Yuwnsdhpp wannud £
npn2ntduGph ypw

4  bwnGpwunhy gnpéplpwg
Cunniuynid E npwybu wdpnnowlwl

(ehdu wunwdJutp EuGpgpwynid Jhwju
wUhpwdt2wnniejwl nGwypnid

Jdwn 2nppwuncd wyth phs dwdwuwy, EuGpghw W
hwdwwnbn gnpéwygnip)niu £ gnigwpbpynid
Npn2nidutiphg 2wwnbkpu punniuyned GU Uh pwuh wléwlg
Unnuhg

Qéwjhu gnpéplpwg

Swdwywpgbpp hwwhu nhinwnpyyned G npwtu
JGynruwgywé pwnwnnhgutn

5 hwdwywng

6 Lhwnpdtp owyunhdwwgdwu
huwpwynnpntpnLu
Qguwuntd E thnfugnpswygnipjwl
LUGUuwthnLh wpdtph hwgwpy

9 Qnpéplupwgp 2wpniuwyyned £

gpwnbgywoénipejwl pUupwgpnid

Pwywpwpynd £ uwhdwlwithwy owyinhdwwgdwup

Lywqgbgunid E thnfugnpdwygniejwU hUbwpwynpniejniup
Ctownp npyned £ Swhuubph bwpibwywu hw2dwnyh ypw
Unynpwpwnp yGpowlnid £ 2huwpwnnipjwu wywpunh hGun

Jhwuhlu

Unpjnipp’ Busby Perkins+Will Stantec Consulting «huintgpqwé Uwpiwagddwl gnpéplpwgh dwlwwwnhwihl pwnwntg, Iwdwnnn
ntnGgntjg» (Mwlwnw. Pphinnwbwywl Yninwdphwih Ywlwg 26UpGph Yinp ubnwl, 2007e.)

The differences highlighted in Figure 2 may
require explanation, although some are
more self-evident than others. Below is a
description of each of the 9 key
characteristics of IBDA and how they differ
from those of the “traditional” approach.
While there are overlaps between some of
the 9 characteristics, each one highlights a
unique aspect of the process that warrants
examination.

LY. 2-nud UGpyuwjwgywé wnwppbpniejnibuutpp
Uhgnigt pwgwwnpniejwl uphp niuGuwl, pGl
npwug Uh dwup, hwjwlwpwn, wybh wyuhwjun
EU, pwU Jjnulbpp: Unnpl pGpdwé £ ChLU-h
jnLpwpwlgnip 9 hhduwlwl hwwnywuhpubph
Uywpwanpnipentup b wju, RE huswtu BU npwup
nwnppbpynud «wjwlunwywu» dninbgdwu hwwn-
ywupputphg: QUWywdé wyn 9 hwwmywuhputphg
Jh pwuhup dwubwyhnptUu hwdpuyunwd Gu, wy-
nnthwuntnd, npwlghg jnLpwpwugjnLpp gnnpépu-
pwgh Jh wjuwhuh jpcpwhwwnney Yynnd £ pun-
a6nid, npu wndt pulncejwl wnub:
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1. Inclusive from the outset

Structured and well thought-out inclusion of
various experts to share understanding on
the expected performance standards of a
building results in better design than if ex-
perts are brought in to solve isolated prob-
lems at discrete points in time during the
design phase. The IBDA facilitator or cham-
pion brings together a diverse and know-
ledgeable team. This individual also plans
key meetings and prepares team-building
and common goal-setting charrettes and
meetings. Throughout the design and con-
struction phase, the team meets to address
issues collectively. Of course, each expert
would still have to do their work individually
and be responsible for their individual re-
sults. The inclusive process helps partici-
pants hear many perspectives, which often
results in finding solutions one would other-
wise not see if working individually.

2. Front loaded - time and energy invested
early

An integrated approach that includes key
professionals and experts at the outset will
clearly front load the time commitment
needed for the design of a building. This al-
so means that adequate financial incentives
have to be provided to experts and consult-
ants.

A principal recognition underlying IBDA is
that design changes in later phases of a pro-
ject are more expensive and time consuming
than at earlier phases of a project. This be-
comes particularly acute when a project
moves into the construction phase. Inade-
quate design decisions (or a lack thereof)
may lead to either very costly change orders
or sub-optimal performance if a change is
simply cost prohibitive. Figure 3 summarizes
this design effort to cost relationship over
time.

By bringing together multi-disciplinary ex-
perts such as the architect, the builder, con-
sultants and engineers, IBDA allows for bet-
ter design solutions earlier in the life of the
project, when there are more opportunities
to devise and implement cost-effective solu-
tions, with comparatively low effort for de-
sign.

1. b uygqpwtt UGpgpuyywo
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gédwl L 2hbuwpwpnipjwl thnith wdpnng pu-
pwgpnd wnwowgwd huunhputnp rhdp nudnd
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sh Lpwuwynid, np jnpwpwugnp Jwulwagbun
swbinp £ wbdwdp ywwnwph hp wpuwwnwlpp b
wldlwywl ywwnwupwuwwnyniejntlt Ynh wp-
nntupubph hwdwn: Lepgpwyywoénipjwlu wju
gnpépUpwgp oqunid E Jwulbwyhgubphu Lub
wjuwhuh Jnunbgnuwdutph JdwuhU, npnup hw-
dwhu hwugbgunwd GU wjuwhuh |nwdnLdubph,
nnpnup Upwup (EhU qulh, GrE whuwwnBGhu hup-
untpnyl® wnwlug pwgudwwnpndhiwihtu  pudph
Jwulwygnrpjwu:

2. dwnopnp utkpnut| dwdwluwyp b EuEpghwl

huntgpwé Unwinbgnidp, npu h uyqpwub pun-
gnynd £ wnwugpwjhl Jwulwgbwnubph n
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uwyntd E, np thnpdwgbwnubphu W funphpnw-
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Experience shows that this front loading of
design efforts has several positive results.
Figure 4 below compares the experience of
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rJwl hpwywluwgdwu thnytpnud: Uw bwl pG-
nnud £ 2huwpwpniejwlU thnh wpnynibwybGwnnt-
pjwl pwndpwgdwun:

one US-based company with respect to building projects carried out using traditional, design-build,
and integrated design approaches. Their experience shows that design effort for an integrated ap-
proach is higher at the concept and schematic phases, and tapers off in the construction-
documentation and construction phases. This has led to a more efficient construction phase.
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Figure 4. Summary of a US-based company’s experience with various project delivery modes
Source: “Integrated Design: Better Buildings through Collaboration”, accessed August 2014, www.archenergy.com/news/integrated-

design-better-buildings-through-collaboration
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Ljwp 4. UdEphyjwl puytpnipjwl Ynnuhg qubuwquwl dGpnnutpny hpwwbwgywé spwgptph thnpéh

hwdwnnwn Ujwpwagpnipynil:

3. Decisions influenced by a broad team

In the traditional design approach, fewer
people make key decisions, decreasing the
chance of making decisions that are optimal
from the perspective of the building as a
system and as a whole. A broad, collabora-
tive team, however, is an essential compo-
nent of a successful integrated building de-
sign process. This team has to develop open
and regular lines of communication based
on trust, which incorporate a clear un-
derstanding of the main goals and outcomes
of engagement.

Such group dynamics and decision-making
processes do not just happen by them-
selves. They require facilitation, manage-
ment, and a concerted effort. A facilitator
typically manages this process. This facilita-
tor ensures that the team stays on course
and achieves its goals throughout the many
meetings, workshops, and charrettes. Such
a facilitator requires specialized skills, as he
or she will be working with many team-
building and group-decision exercises, es-
pecially when the experience of the experts
involved is rooted in traditional approaches
to building design. For useful tips on how to
manage such group dynamics see Box 1.

3. Cunwpdwy phuh wgnbkgnipynLup
npn2nidutph Jujwgdwl ypw

Ujwunwlywl Lwpwgédwl Uninbgdwl nbw-
pnid hhduwywUu npn2nidutGpp Ywjwgynid Gu Uh
pwuh wubdwlg Ynnuhg, wnyhuny ujwqgbgut-
Lny owywnhdw| npn2nudutbph JwjwgdwUu hbwnpw-
ynpnipiniup, 26LUpp" npwbu hwdwlwpg W Up-
wuunipintu nhnwpyGine wmbGuwuyntuhg: Uw-
ywju huntbgpywé Lwhiwgddwl hwenn qnpé-
pUupwgh Yuwnplnp pwnwnnhgubnhg UGyu pun-
wpéwy, thnfugnpdwygnn phul E: Un rhdp
wbwp £ Jowyh Juunwhnipjwu Yypw hhdugwd
dh pwg W jwunuwynp hwnnpnwygdwl ghé L
hunwynptu hwuywuw hp ypw ybpgpwé wywn-
nwynpnipjwl  gluwynp  Lwwwwyubpu no
wyuywynn wnpnyniuputipp:

kodph UJwU nhuwdhywUu W npn2nidutbph Yw-
Jjwgdwl gnpépUupwgl hupuhptUu wntnh sh nLluk-
unwd: Ypwl hwulbint hwdwp wuhpwdbywn E
Juwquwytpwb, ywnwlwpt, b hwdwbwjubg-
Jwd swuptkp UGpnut: Undnpwpwn Yugdwybn-
whsu £ uwnwdwpnud wjn gnpépupwgp: Lw
wwwhnyntd E, np pwquwehy hwunhwnwdutph,
w2huwwnwdnnnyubph b bwhiwgbdwl' hwdw-
intn Ywwwnynn pwnwnphgutiph wdpnng pu-
rwgpnwd rhup guw Lwhiwu2ywé ninny b hwu-
uph hp Uwwuwnwyubphu: LUWU Yuwagdwybpwshg
wwhwugynd £ niubUw]  Jwulwghnwywl
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The organizational and decision-making
processes of IBDA are fundamentally differ-
ent from that of the traditional approach.
Figures 5 and 6 represent the different team
arrangements and their relationships
through the life of a project. The team mem-
bers should bring perspectives from multiple
disciplines and represent different stake-
holders, combining the knowledge, skills,
and interests of key players throughout the
building project and consequent operation.

hdinnipjniuutp, pwuh np Uw [noGNL E rhuh
ywquwynpdwl b hwdwwnbn npnanudutph Yw-
jwgdwl 2wwn fuunhpubp hwnywwbu wjt wyw)-
dwuubGpned, Gpp Uepgpwyywéd Jwulwagbnubph
dnin wpdwwnwynpywé E 2GUph Lwhiwagddwu
wywunwywl Jnuntgnudp: Wnwhuh pudph nh-
Uwuphywu Ywnwdwntint yGpwpbpjw] oguw-
ywp punphnipnutpp int’u LEpnhp 1:

ChULU-h uwaqUwybpwywywl W npnanidutph Yw-
Jjwguwl gnpéplupwgp hhdunyhu tnnwpptpynud £
wywunwywu uninbtgnidhg: LY. Uy. 5-nud L 6-
ntd uGpywjwgynd GU phdwihu tnwppbp Y-
nnigwépubpl nL npwlug hwpwpbpnipynlultbpp
6pwaph YGuuwihnith wdpnng pupwgpnd: eh-
Jh wunwdutpp wtwnp £ wpnwhwjnbu pwg-
Jwwnndhiwihu mGuwytwnutp b uGpyuwjwgutu

mwnppbp pwhwnenlubph® Spwagph 2huwpwpniejwl W 2whwagnpddwl nne pupwgpntd hwdwpdpk-
Lny ghwnGhputpp, hdnnipnltuutpp b wnwugpwjhU nGpwywwnwpubph 2whGpp:
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wwwnyhpwwnnt \
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Swpunwpwwbn = Juwwiwnnt

Mechanical Electrical Structural
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simulation) Jwulwgbnltn dwushetluscr),TEfrZUbn
dwulwgtnbn  (uhupl huyuw (Wwjuhupl®
(wjuhlpl hwdwlwpagtph ubjudhlwjh
Gnypwetipuw)ht, YwJ wnkhlngn- qony)
Udwlwyned) ghwlbph gény

thnpéwabwnlutn)
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(wjuhupu EyningUtin) wyntunhyuw,
hEntnwentph L puwywu
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LntuwynpnipjnLl)
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BOX 1. THE MARSHMALLOW CHAL-
LENGE: AN INSTRUCTIVE EXAMPLE OF
TEAMWORK AND ITERATIVE DESIGN

The Marshmallow Challenge is an instructive
design challenge. It involves the task of con-
structing the highest-possible freestanding
structure with a marshmallow on top. The
structure must be completed within 18-minutes
using only 20 sticks of spaghetti, one yard
(about 91.5 cm) of tape, and one yard of
string.

Observation and studies of participants show
that kindergartners are regularly able to build
higher structures in comparison with groups of
business-school graduates. This is explained
by the tendency for children to at once stick
the marshmallow on top of a simple structure,
test the prototype, and continue to improve
upon it. Business-school students, on the oth-
er hand, tend to spend time vying for power,
planning, and finally producing a structure to
which the marshmallow is added. The chal-
lenge was invented by Peter Skillman of Palm,
Inc. and popularized by Tom Wujec of
Autodesk.

Visit the following sites for additional
information on the Marshmallow Challenge:

LELIPM 1. «UULPYULAUP LR PLY.
@hUU3hL UShUSULLh GY hSENrUShY
LUUQSh NtUNFULUYUL OrhLUY

Uwpywunwyh tuunhpp Uwhwgédwl nruntdlw-
ywu puunphp E: Unwownpwlupp hGunlywu E. wnnt-
gt huwpwynphUu pwpén wnwudhu Uh Ywnnig W
nnw quaqueht yuwpywlnwy nuti: Unwpwnpwlph
wuwwpdwUu hwdwp npynd £ 18 pnwt W dhwju
dwlwnpnuh 20 gnthhy, 91.5 ud (UGY jwpn) Gpywpnt-
rjwUdp Jwsntl dwwwytu b 91.5 ud Gpywpniejwdp
RE:

Uwuluwyhgutph nhuwnpynwdutGpu n ntuncduwup-
pniejntup gnig £ wnwihu, np Jwuwwwpunbgh
uwlbGpp unynpwpwp wybih pwpép Gu Ywnnigned,
Pwlu phqUtGu nupngh 2ppwlwywpwntpp: Vw pw-
gwwpynd E Upwund, np GpGpuwubGpp uygpnid
thnpénid U ywpywunwyp Jhwluqwdhg thwyguby
Jh wwnpq Yuwentgh ququwehl, thnpdwpybp Uw-
hnwwmhwp U, wjunthGunl, 2wpnibwyb Ywnwpt-
Llwanpdt wjn thnpép: buy phqubu nwpngh 2pgw-
Uwywpunubpp dwdwlwyp Swhuuntd GU  wpn-
pnwynyh, wywlwynpdwl ypw, W yGppwwbu udh
Jwnnyg BU wwwpwuwnnd® gupbu nuGiny Ywnp-
Jwunwyp: kunph htinhlwyp ®hptn Uphidwuu E,
Palm, Inc., mwpwénnp® fénd vnLetpp, Autodesk.

Ywpywlnwyh funph Jwuhb |pwgnighg inbnt-
ynreyniuutph hwdwp wygttp hGnlyw| Yw)pp.

-- www.marshmallowchallenge.com/Welcome.html

-- www.ted.com/talks/lang/en/tom wujec build a tower.html
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4. lterative process

In the traditional design process, decisions
are made in a linear stream. Earlier decisi-
ons and assumptions are frequently left un-
questioned and unchanged. An integrated
design process, however, incorporates feed-
back loops that allow for the review and
reevaluation of earlier decisions. Such an ite-
rative process allows team members with va-
ried expertise to revisit previous decisions and
make adjustments. Such feedback loops can
continue into the construction, commis-
sioning, and operation phases of the building.

Greatly assisting this iteration process are
software tools and building information
modeling (BIM) systems, which digitally
model a building’s physical and functional
aspects as well as daylighting, thermal per-
formance, acoustics, structure, costs, etc.
An iterative process can rely on virtual mod-
eling to improve and optimize decisions.

The use of computer modeling and para-
metric design tools has exploded in recent
years. This could be a positive factor in mak-
ing the field more open to using information
technology to engage in iterative design.
However, to be realistic, even six or seven
years ago the building industry was still lag-
ging behind other industries, such as auto-
motive and aerospace, in using software tools
to iterate options and find optimal solutions.®

A 2007 survey of 50 design professionals (5
architects and 45 multi-disciplinary engi-
neers) at Arup and Partners in San Francis-
co and London showed that most of these
professionals (even at an highly innovative
and integrated practice like that of Arup) did
very little design iteration. The survey
showed that, on average, 2-3 iterations were
done per project (Figure 7). This is signifi-
cantly lower than the hundreds of iterations
that happen in the automative and aero-
space industries. The Arup professionals
surveyed reported that most of their time
was spent on managing design information,
including manually integrating and coordi-
nating discipline-specific design and analyti-
cal representations (Figure 7).°

One key limitation is that the vast majority of
computer-aided design (CAD) software used

4. hbnkpwuwnhy gnpéplupwg

Ujwunwlwl  Uwhiwgbdwl  qghpéplUpwgniu
npnandubpp Ywjwgynd BU gbéwjhu hnupny:
Lwhuyhunud punniujwd npnpnuduGpu no Gu-
pwnnnieintluGpp hwewhu Junwd Gu wuyhbdbih
U wUthnthnpu: bunbgpywé Uwhuwagsdwu gnn-
6pUpwgp, uwlwju, pwnyugwd E hGnwnwpa
Ywwh ghylenhg, npp hUwpwynpnieinit £ nw-
(hu yepwlw)tp W yGpwguwhwwnt) bwpuyhunwd
Jwjwgywdé npnanudutinp: Wyuwhuh gnpéplupw-
gn prhuh wnwpptp Jdwulwghnwlwl thnpény
odnjwdé wlunwdubphtu  huwpwynpnipintt E
nwhu wunpuwnwnlw] bwhuypund Yuwjwgywéd
npn2nudutbphu W é2gpuinnudutp wunwnt: LUwu
hGunwnwné ywwh ghytpp Ywpnn Bu wpniuw-
gt 26Uph 2hUwpwpniejwU, 2whwgnpédwl
hwudUudwl b 2whwgnpédwl pupwgpntd:

Wju hunGpwunhy gnpépupwghl JUtdwwbu og-
unwd GU Spwagpwjhu gnpdhputnnp, SEuph hwdw-
thp  Uywpwanpnipjwlu-dnnGiwdnpdwl  hwdw-
YwnpqgGpp, npnup pYwhu dnpdwnny dnntjw-
Jnpnud GU pGUpGph $hghywywu W $nLuyghn-
Uw| wuwbywnubpp, hugwbu bwl gGpEYw)hu nL-
uwynpnrpiniup, gstpdwjhU punigwanh gnigw-
uphubipp, wyntunhywu, YynuuwnpnLyghwu, dwu-
ubpp W wyb: ApnpnuduGpp pwpBlwyBine W ow-
nhdwiwgubint bwwwwyny hwnbGpwwnhy qgnp-
épurwgp Ywnnn £ wwwyhuby winwhuh hpun-
Lw| UnnGiwynpdwln:

Swdwlwnpgswihu dnnGiwdnpnudp b hwpwgw-
thwjhU Uwhpiwgédwl gnpéhpubph Yhpwnnidp
pninU qunpgwgnd B wwpt yGpehu wnwnphub-
nhu: Uw Ywnpnn E npwywlu gnpénu hwunhuw-
Uw| hunGpwwnhy Lwhwgédwl JGp wnbnGYwwn-
Jwywu wnGpuuninghwutph Yhpwndwl nwownp
wybh pwg nwpdubint hwdwn: WuniwdBuwy-
upy, hwuntu hpwywuntpjwl UEUp, nn punw-
JGup ybg Yywd jne wmwph wnwe 2hUwpwnnt-
pJjwU ninpunnid tnwppGpwyubpp hnGpwglbint
(Ynyubn) W owwhdwy| |nLdnLdUEp guubint
Uywuwnwyny dpwapwjhl gnpdhplutph Yhpwnnt-
dp ntn pwjwlwl G Ep Juncd wyp npnpinutphg,
hugwhuhp &U, ophUwy® wywnnunphjwht L
wyhwghnu, wnhtqbpwaglwgnipjwu wpnntiw-
pGpnLejnLup:®

2007p. thwnpjwphu Uwlu dpwlughuyninud L
Lnunnuntd «Upntth W Qnpédpuytputp» puybnnte-
pjwlu hwdwp wphuwwnnn 50 dwulwgbwn-Uw-
huwaénnutph (5 Swpnwpwwbun L 45 pwgdw-
wnpndhwjht dwpnwpwagbn) uhgl wugywgywsd

® Forest Flager, Benjamin Welle, Prasun Bansal, Grant Soremekun and John Haymaker, “Multidisciplinary process integration and design
optimization of a classroom building,” Journal of Information Technology in Construction 14, 595-612, http://www.itcon.org/2009/38.

® Forest Flager and John Haymaker, A Comparison of Multidisciplinary Design, Analysis and Optimization Processes in the Building
Construction and Aerospace Industries, Stanford: Center for Integrated Facilities Engineering.
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in the industry does not allow for parametric
modeling, i.e. modeling that allows for rapid
changes in geometric and non-geometric
variables. Moreover, tools that are in use do
not represent information in a form that facil-
itates multi-disciplinary analysis using simu-
lation-based engineering.’

Despite these findings, which still may be
true for the majority of the building industry,
the use of parametric design tools in archi-
tecture has increased rapidly over the past 5
years or so. As architecture, engineering,
and construction schools and training pro-
grams rapidly incorporate such tools into
curricula, the profession should be in a posi-
tion to overcome the capacity obstacles cit-
ed above.

. . Initial 7 weeks /
Iteration Duration Uwhlwywl Jwpwp
hunbpwgdwl
wlnnnLpntl Subsequent 5 weeks /

hwgnpnwywl 2Wpwp
Iterations per Project / Ukl Uwuwqgséh 2.8
hwyny hnGpwgnidubph pwuwyp ’
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Execute
hpwlwlw-
gnid, 36%
Manage
Information
wnbnbynL-
rIwl

Jwnwyw-
PlIJanq nnwd, 58%
w wlwiyn-

nnwd, 6%

5. Whole-system thinking

IBDA encourages thinking about a building
as a whole system, with parts inter-
connected and interacting. In the traditional

" Flager et al, Multidisciplinary process integration.

Uh hGwmwagnwnniejntbhg wwpqyby £, np win
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hintGpwgnwdubph hwdbdwwn: Iwpgdwlp Jwu-
uwygwé «Upnithh» Jwulwgbwnubpnp hwnnpnbg
GuU, np hptug dwdwuwyh J66 Jwup Swhuuynid
E bwpiwgésht wnlusynn nyjwiuEph unwywn-
Jwl dpw, UGpwnjw] wpndhhu hwwnnty Lw-
huwash W depnedwywl ywwnytpubnph hunbgp-
dwlu U hwdwywpgdwl hwdwnp Ywunwpjwéd
dbnph whuwwnwlpp (LY. 7):°

Spduwlywu vwhdwluwthwyntdu wju £, np wnn-
jnLtbwpbnnipjwl UG Yyhpwnynn hwdwlwnpgsw-
jhu wdunndwwnwgywd Lwhiwgsdwlu (CAD)
Spwaptph unwp JdEdwdwulnieinitup wwnpw-
JGwnpwjihu dnnGiwydnpdwl  hUwpwynpniejnLu
sh mwihu: Yw UnnGiwynpdwu Jh du £, npp Gpy-
pwiwthwywu b ng Gpypwswthwywl thnthnhuw-
ywuubph wpwag thnithnfuniejwl huwpwynpne-
RInLU B nnwihu: UYGLhu, Yhpwnynn gnpdhputipp
nyjwiutpp s6U UGpYwjwgund wju duny, npp
yhGounwglubp LJwuwydwu/dnnGlwynpdwl hp-
Jwl Jpw sdwpunwnpwghnntpjwl Uhnwrzdwdp
pwaUuwwnndhwjhl yspinLénLpiniup:’

QUwjwsé unwgywéd wpnynitupubphl, npnup Yw-
pnn U nGnlu 62unnpEU wpwnwgnibp 2huwpw-
pniejwl ninpunph JESwdwulnipjwl hpwyhtw-
Up, 4Gnghu 5 wwphlbph plupwgpnd wWwpw-
dGinpwjhbu bwhiwgédwUu gnpéhpubpp uyub| Gu
wpwannptu dniinp qnpédb] Swpunwnpwwbunne-
pjwU nwow: Pwuh np dwpunwpwwbunnipjwl,
sdwpunwpwaghwnnipjwlu W 2huwpwpniejw
nwynngubpp U yEpwwywunpwundwUu dpwanpbpp
wpwagnptU pungnpytp BU Udwd gnpdhputpp np-
wbu pptGug nuntduwywu Spwagph hhduwywu
pwnwnphg, wyw wphGunwywnpd dwulwqgbun-
ubpu  wpnbUu  huwpwdwpnientt  YyntuGuwl
hwnrwhwnt] YwpnnnipntulEph wnwye dSwnw-
gwd Jtipnhh2jw| fungpunninutipp:

5. cunniubp npwyGu wdpnno2wlwlu hwdwlwnpg

ChULU-p pupwhuniunwd £, np 26Upp nhwnwnpyyh
npwbu Uh wdpnnswlywl hwdwywnpg® thnuyw-
wwygyws L thnpuwgnnn dwubpny: Ujwlnw-
Jwl Uwhwgédwl gnpépUpwgnid Jwulwagtun-
utpp, npwGu Ywunu, 26Uuph wnwudhU Jwubtphu
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design process, experts typically treat the
individual parts of the building independently
from each other, rarely thinking about the
way these parts work together in the whole
building.

At the city design level, the need for systems
thinking is more salient. Creating a mixed-
use, higher-density community oriented
toward transit greatly reduces energy and
resource demand when compared to a
suburban development with a similar popula-
tion size. Land use planning, building-design
standards, and transportation planning are
all interconnected; systems thinking could
make for more resource efficiency and high-
er quality of life.

Similar systems connections exist in a build-
ing. As components and elements of a build-
ing do not function in isolation, a concerted
effort to model and fully optimize interac-
tions between these components could lead
to significant savings. Orientation, lighting,
building envelope, glazing, HVAC, and inte-
rior color pallet are all interrelated elements.
Not only do these components have to be
modeled, but their interactions should also
be modeled.

In a seminal book called /nfegrative Design
Guide to Green Buildings: Redefining the
Practice of Sustainability, the authors,
7group and Bill Reed, give examples that
demonstrate the value of thinking of a
building as a whole system and not just as a
sum of different parts. Below is one of the
several examples they offer.

Example: Color of wall paint with an impaci
on the size of a HVAC system

In the formulas used by lighting designers,
the light reflectance value (LRV) of the ceil-
ing, walls, and floor of a given space has an
impact on the amount of artificial lighting
needed for that space. The higher LRV of
the surfaces, the lower the need for artificial
lighting. The authors cite that, in 1997, they
were designing a schoolhouse. Back then,
the practice was that, for a 100 square me-
ter classroom, 16 triple-lamp T12 fixtures
would be installed. By increasing the LRV of
the paint that covered the walls, they re-
duced the number of fixtures to 12 triple-
lamp T8 fixtures. This was a 25% decrease
in the number of fixtures. This not only de-
creased the construction cost (by saving 4
fixtures for each 100 square meter room), it

JGpwptpynud GU npwbtu Jhdjwughg wulwhu, W
hwgywntwy U Junwénd wju dwuhlu, pE wd-
pnng 2Gupnud wyn Jwubpp huswbu GU Jhwuplu
w2huwwnbnt:

Npwtu wdpnnewlwl hwdwlwpg punniubinc
wUhpwdtGwunniejniup  pwnwpwjhu  Lwhwaqgé-
JwUu dwywpnwynd wybh wyuhwjnn £ Ywh
mwpwughy nwnpuGp ynndunpndwé pwgqdw-
Uywuwnwlwjhlu, pwpép punniejwdp hwdwjuph
unbnénudp Jedwwbu Ujwaqbgunwd £ EuGpghwjh
W nGunitpuubph wwhwuswnpyp® unyu pwlwyh
puwysnipjwdp  wpwpéwllutph  Junnigw-
Wwwndwl hwdtdwwn: Innogunwgnpddwlu wjjw-
Uwynnpnudp, 2htwpwpwywl  Uwhiwgddwl
unwunwnpwubnpp, GpelUbyniejwl  nunhubph
Yuaquwytpwndp® wdpnngp thnfujuwwygdwsd
GU, LW hwdwlwpgwjht Jnwétwytpwyp Ywpnn
E Uywuwnb| nGuntpuutph wybh pwpén wnpnnt-
LUwybunnipjwlul no 2wwnbph hwdwn  Ywuph
wybh pwpén npwly wwwhnyby:

Ldwl hwdwywpgwjhu ywwbp jwu bwl 2EU-
pnid: Rwlh np 2GUph pwnwnphsubph nL wnwnp-
ntph  $nilyghwutipp hpwphg JGynLuwgywéd
s6U, www npwlug JdnnGlwynpdwu W npwlg
dhpl thnpuwqnbgnipjwl hnyhu owwnhdw|wg-
dwlu hwdwéwjubgwdé swlptpp Ywnpnn Bl
gawlh pubwjnnniejntulubn wwwhnytbl: Ynndun-
pnanudp, [nLuwydnpneejniup, 26Uph wpunwphu
wwwnn Ynuunpniyghwubpp, wwwybwywwnnt-
dp, etnnignudp, onwthnpunidp W onnpwyntdp,
utpphu gnibwynpnidp thnpujuwwygywsd nwp-
npGn Gu: Wuhpwdtywn £ dnnGiwynptp ng Jhwju
wjn pwnwnphgutipp, wjlle npwug vhole thnuwq-
nGgnrpenLup:

«Ywliwgs pLUuplinh huinbanywd Lwhuwqddwl
nLnbgnyg. Yuyniunipywl wwwhnydwl gnpdw-
nnyreh JenwdliwlGnuwnedpy Ynsdnn Jh qunw-
thwpwnwuw gppnid 7 hGnhuwyutph funwdpp W
£hy Phnp ophuwyutn GU pGpnud gnig wnwnt
hwdwn, rG nppwl wnpdtpwynn £ 2EUptplu pu-
nnLtub] npwybu wdpnnewywl hwdwywpg, wjl ng
rG npw wnwudht Jwubph pwnwnphgubn:
Uunnpl uGpywjwgywé £ upwug Yynnuhg wnw-
gwnlyqwé ophlwyltiphg Utyp:

Opplwly. Mwinh LGpyh gnylp wnnbgnipiniln
230 hwdwlwngh swhbnh ypw

Lnruwynpnipiniup bwhiwgénnutph ynnuhg Yh-
pwnynn pwlwéubpnd  wnyjwp  wnwpwdph
wnwuwnwnh, ywwnbph W hwwnwyh nyup wn-
nwgnJwlu wndtpp (LUUW) wgnnid £ wphGuwnw-
ywu (nruwynpnipjwl pwluwyh ypw: Swpwdph
LUU-h wybGwgdwl hGwn ujwagnid £ wphBuwnw-
ywu nuwynpnipjwl wuhpwdtwnnipniup: 36-
nhuwyutpp  Jywjwyngnid G hptug Ynnuhg
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also saved greatly on the building’s opera-
tional costs (lighting costs can dwarf the
upfront costs of purchasing fixtures).

Lighting fixtures also generate heat. The rule
of thumb is that, for every watt hour of ener-
gy spent for lighting, a watt hour of energy
needs to be spent to cool the space that is
being lit. In a typical school, lighting can
account for up to 50% of annual electricity
use and up to 40% of the building’s cooling
loads. By reducing the use of lighting fix-
tures, cooling loads were also reduced. This
meant that mechanical engineers could de-
sign a cooling system with reduced capacity
(i.e. less costly) as well as a distribution sys-
tem of ducts and pipes that was smaller in
size (i.e. also less costly).

Nota Bene: For all these savings to be real-
ized, the architect has to know the LRV of
the color used and the LRV needed to gen-
erate savings. Furthermore, the lighting en-
gineer has to know the LRV of the color se-
lected for the wall paint. This engineer would
have to calculate the LRV on the designed
color and not use a standard, rule of thumb
estimation of LRV. Finally, the mechanical
engineer has to look at the actual number of
light fixtures used and not merely calculate
the size of HVAC and its distribution network
based on standard practice. For all of this to
be effectively communicated, an integrated
design process needs to be in place to en-
sure frequent, timely, and inclusive commu-
nication and decision making.

6. Allows for full optimization

Optimization of solutions is expected of pro-
fessionals when they make design sugges-
tions. This is, however, a task that is not al-
ways easy for large and complex systems
such as buildings. Often, a building is inade-
quately designed in terms of orientation,
size, HVAC, structure, etc.

To find optimal solutions, software analysis
and iterations of solutions have to be tested
and virtually prototyped. The section above
on design iteration has highlighted a few ob-
stacles to optimizing designs through itera-
tion and multi-disciplinary integration. The
section also mentioned that the building in-
dustry has been rapidly changing - there is a
greater number of tools available and
schools preparing professionals to use these
tools.

1997p. Lwhwqgdwd nwpngh 26Upp: Cuwn wjn
dwdwlwy gnpénn wpwywnhywih 100 U? nwuw-
uGUjwyh hwdwn ntGnwnpdnwd Ep Gpbp (wdwt-
pny 16 hwwn T12 nhwh nuwynpdwlU uwpp:
Mwuwnbtph utpyh LUU-U wybGwglubint Jhengny
Upwup (nruwynpdwl uwppbph pwlwyp ww-
Jwubgnptghu' hwuguting 12 hwwn T8 nhwh [NL-
uwynpdwl uwnph, wnprynitupnid 25%-ny uw-
qbgut|ny (ntuwynpdwl uwnpptph pwuwyp: Uw
ng Uhwju ujwqbgpbg 2huwpwnnipjwl wpdtpp
(wJtU 100 U? ubljwyh hwdwp fubwbing 4 |nt-
uwynpdwl uwnp), wjl U6 hubwjnnniejnLtulbn
ptptg 26Uph 2whwagnpédwu Sdwhuutpnid, npp,
hwwnywwbu nuwynpniejwl ntwpned, thnp-
pwglnwd £ ntuwynpdwl uwpptph dGnpptpdwl
Uwhilwywl dwhuup:

Lniuwynpdwl uwpptpp bwl gGpdnieyniu Gl
wpunwnpnid: Pnie Jwwnh optuplu wuntd E, np
(ncuwynpniejwU hwdwn dwhjwéd Eubpghwjh
wdtu JGYy dwn*d-h hwdwn J&y duin*d Eubpghw £
wGwnp wjn unyu (nuwynpynn nwpwdph hn-
Jwgdwl hwdwn: Undnpwywu nwnpngnid |Nnt-
uwynpnudp Ywnpnn £ oquwagnnét] ElGYnpwk-
ubnghwjh nmwpEywu wdpnng uwywndwl Jhusl
50%, W 26Uph hnwgdwu ptnh Jhusgl 40%: Lnt-
uwynpdwl uwppbph pwlwyp Yynpdwwbiny®
ujwagnud £ bwl hnugdwl ptnp: Uw Lpwlw-
ynwd £, np wjdd dwpnwnpwagbun-dGpuwuhyutpp
wpnn GU wdblh wwlwu hgnpnipjwdp  (wj-
uhupl® wybih phs Swhiuwwnwn) hnqugdwu hw-
dwywpg Uwhiwagéb], nph wnpryniupnd Lwl
pw2tudwlu gwlgh tunnnjwyutph W onwuwnwp-
utph gwihtipp wybth thnpp Yhubu (wjuhupl’
wybLh phs Swiuuwwnw):

Npwnpnygyner. Uju pninp pubwgnnniejntlltnh
hpwwuwgdwl hwdwnp dwpunwpwwbunp
wbGwp t hdwuw, G nppwl E hp Ynnuhg ogunwi-
gnpéynn utpyh gnyuh LU, W np punpwéd
gnyup wjuwhuh LUW nLuh, nnhg gwépu wpntu
fulbwjnnniejntllGn £ wnwewgubint:  Pwgh
npwuhg, dwpunwpwagbn (nuwnbhubhyp wbnp
E hdwlw, pt Swpnwpwwbnh punpwé ubpyh
gniup huswhuh LUUW nitup: dwpunwpwgbunp
wGwp £ hwyqwpyh bwhuiwadnyd npnpdwé ubpyh
gnuuh LUU-p b ng pE ogunwgnpéh unwunwnun,
punn pnip Jwunh optuph hw2wpywé LUU-p:
Ybppwwbu, dwpunwpwagbun JGhuwuhyp wybuwp £
hwoyh wnuh yhpwnynn (ntuwynpdwl uwnptph
thwuwnnwgh pwlwyp, wj ng rE unwlunwpun
wpwywnhywih hhdwl ypw hwzywpyh 230-h L
npw pw2hudwl gwlgh swihtpp: Wu wdtup Jh-
wuhl wphuwwnbgutint hwdwn wluhpwdtun E
huntbgpywé bwhiwgddwl gnpdplupwg hpwyw-
Lwgut], npp ywwwhnyh hwdwhiwyh, dwdw-
LUwyptu W UGpwnwywu hwnnpnwygnidp W npn-
ancdutbph Ywjwgnudp:
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Such a process of multi-disciplinary optimi-
zation (MDO) is essential if buildings are to
radically reduce energy use, as well as up-
front and lifecycle costs.

6. Lhwpdtip oyyuinhdwjwgdwl
huwpwynpnrpjnLl

Lndnudubph owywnmhdwiwgndu  wylu  E, hugp
uwwuynd b Jwulwgbwnubphg' bwhiwagdwjhu
wnwwnpynrpynituubn wubhu:  Uwlwju nw dh

fuunhn £, np Uhawn ¢k, np htawn £ [nu6t| 2GUptph
udwU fun2np W pwpn hwdwywngbph nGwpntd:

Rwdwh Ynnuunpn2dwl, swihtph, 230-h, Ynuuinpniyghwubph b wjuh lnGuwybuinhg 26Upp rGph
E bwhiwgéynid: Owywnhdwy [néndutp guubint hwdwp npwlup wuhpwdb)wn £ thnpbdwpyybg
opwagpwjihu yenniénipjwl nu hinGpwghwjh Jhengny W Ywnnigb, npwug yhpunniw| bwhuwunh-
wp: Lwhiwagsdh hnbpwgdwl JwuhU pwdlnid junuynd £ hnGpwghwih bW pwgdwwnndhiwihu
huntbgpdwl Jhgngny Lwhiwagsh owwnhdwiwgdwl wnwye dwnwgwd Jh pwlh fungpunninubph
dwuhU: LnyU pwdunid bwl Upyned E, np 2hbwpwnnijwl npnpunb wpwanptBu thnpuynwd £ wybih
JGoé pyny gnpsShputbph W wyn gnpdhputbpl oginwagnnénn Jwulwagbunubn wwwnpwuwnynn nwypng-
ubph wnywnipjwu 2unphhy:

Pwgdwwnndhiwjht oyuinhdwjwgdwl (ARMO) wjn gnpépupwgp twywl Lpwlwynie)niu nLup,
Grt wbwp E, np 2GUpGpp hwutblu wju wpdwunwlwu EuGpgwpbwynnniejwup, Lbwhbwyw
Swhuubph ypdwwndwup W yGuuwihnih wpdtph gnigwuhputphlu, npnup wyn 26UpGnhg wyuyw-

ynid Bu:

7. Seeks synergies

A multi-disciplinary, integrated approach to
buildings could reveal synergies that en-
hance the chances of achieving the building-
performance goals set by the design team.
For instance, if a site has an existing struc-
ture, preservation of part or all of the exist-
ing structure (if it is structurally sound) will
substantially reduce the lifecycle costs of the
new building, especially by reducing the
solid waste generated and the resources
used for rebuilding. Such a synergy between
preservation and green building goals
should be actively sought.

Another example, while initially not at the
building level, is using the waste heat from
sewer lines to generate neighborhood he-
ating that could be fed into buildings. Some
cities in Canada and Finland already do this.
Cost-effective  cogeneration opportunities
would lead to such synergistic results. Oslo,
for instance, is channeling the heat genera-
ted from computer data centers into district
heating systems.?

8. Lifecycle costing

The traditional approach to design looks at
the initial, upfront costs of a building or its
components. However, lowering initial costs
may not be advantageous from a long-term,

7. Qquind E thnfjugnpbwygnipjwl

ctuptph Lywwndwdp pwgdwwnndhiwjhu, hu-
nbgpywé Uninbgnudp Ywnpnn £ pbpGp wjuwyhup
thnpugnpéwygnipjwl, npp Yydtdwguh Lwhiwg-
onn rhuh 4ynnuhg uwhdwuywé® 26Uph wpnynt-
LUwybunnipjwl gnigwlhpubph Uwwwnwyubppu
hwultint huwpwynpnipiniup: Ophuwy, Grb
2huhpwwwpwynwd wpnBU hug-nn Yynuuwinnpnty-
ghwubp Jwu, wwyw wnyw ynuunpnLyghwubtph
wdpnnowywl Ywd dJwulwyh wwhwwunidp
(6rE wjlu YnUunpnLyinhy wnndnd wdnip £E) Yw-
nnn £ twwbu Ypdwunt unp 26Uph YGuuwthnih
wndtpp’ hwnywwbu 2huwpwpwlwl pwhnu-
ubph wnwwgnidp W Unp YnUuwnpniyghwubph
yEpwywnnigdwl hwdwn éwhiuynn nGunLpult-
np YpdwwnGine 2unphhy: Wuhpwdtwn £ wywnh-
Jnptu gt pubwgnnnipjwlul nL ywluws 26UpE-
nh bwwwwyutph dhele thnfugnpdwygniejwup:

UGY wjl oppUwy, npp ulygpnid 2tLUph dwywp-
nwyny sEp. Ynnunnt gwlgnid pwihnuubtphg
wnwowgnn obpdnipintll  ogunwagnpdynd  Ep
intGnwywu gbnnigdwl hwdwywpgned, npp Yw-
nnn Ep vt hwplwU 26UpGPp: Npn pwnwpltn
Uwlwnuwjnd W Shujwunhwjnid, ophuwy, wn-
nEU nw wunwd Gu: Iwdwygywéd Eubpghwjh (Yn-
gGuGpwghwih) 2whnipwytun  wpunwnpniejwu
huwpwynpnipjntllubpu punhwuntp wndwdp
Jwpnn GU hwugbgub Udwl thnfugnpéwygnt-
pjwl wpnyntuputph: LJUwUwwmhw ophuwy E
Uwl, Gpp hw2ynnwywu yGunpnuubpnud wnw-
swgnn eGpdnieintup unnnywyubnny Jhwgynid
E ysUnpnUwywl sEnnigdwl hwdwywpabphU®:

8 Susan Kraemer, “Data Center under Helsinki to Warm Residents Above”, Scientific American, March 15, 2010.
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lifecycle perspective. The energy or water
costs of a building may be substantially
higher over the long-term operation of the
building, simply because lower cost options
were selected at the design and construction
phases.

To illustrate, we shall look at two equipment
options for heating a building. Option A
costs $2500, whereas Option B costs $2200.
With the traditional approach, Option B
would automatically be selected. However,
with lifecycle costing (LCC), the lifetime
costs of the equipment’s operation and
maintenance are also taken into account.
Figure 8 below illustrates this. While the pur-
chase cost of Option B is lower than that of
Option A, it ends up costing $700 more in
terms of lifetime cost.

Option A
[

Option B
[
Swip-
pGpwy £

Swp-
pGpwy U

$2500

Purchase cost
QUUwU wndtpp

Operational cost
Swhwagnpédwlu wnpdtpp

Number of periods in operation
Swhwagnpédwl thnitph
pwlwyp

Total lifecycle cost =
(Purchase cost + [operational
cost x number of periods in op-
eration])

Cunwdtlup. YGuuwithnih wp-
dtpp = (qUdwl wpdbp + pw-
hwagnpéJwl wndtp x Qwhw-
gnpédwl thneGph pwliwy])

$2200

$100 $250

10 10

$4,000 $4,700

CAVEAT: The reader of this module is en-
couraged to review Module 10, which dis-
cusses the basic principles of investment
analysis. Without the adequate considera-
tion of particular concepts and principles
(such as time value of money) the reader
may make misleading conclusions.

9. Process continues through occupancy

The integrated approach includes performan-

ce monitoring at the occupation and op-
eration phase of a building. Traditional ap-
proaches typically end the engagement of

8. Ukluuwthnih wpdtph hw2ywpy

Lwhwgddwl wjwunwlwl JdninbGgdwl nbw-
pnid hwoyh GU wnuyned 26LUph Ywd npw pwnwn-
nhsutph Uwhilwywl, uygpUwlwl Swhuubpp:
Uwywju Lwhibwywl Swhubph Ypéwwnnudp

dhpwn sE, np Jwnpnn E dGnUwnnt (hub] Gpywpw-
dwuytwn yuuwihnih Yyunpgwépny: Ctuph Eutkp-
ghwjh nL gnh Swiuubipp Ywpnn U qgwihnptl w-
JdGh pwnép (hub] 26Uph Epyupwdwdytn Qwhw-
gnpéUwl pupwgpnid Wywpqwwbu wjl wwwndw-
nny, np bwhiwagddwl W 2hbwpwnniejwU thnined
wybh gwép quwhu twppGpwy Ep punnyty:

Uw wywuwnybpwgubint hwdwn Gytp nhnnwnytup
2tuph gtnnigdwl hwdwn Uwpiwwnbuynn uwp-
pwynpnidubph Gpynt tnwppGpwy: SwppGpwy
Uh wpdbpp 2500 UWUL nnpwp £, huy Swpptpwy
R-h wpdbpp' 2200: Cun wywunwlwlu Ununbg-
Jwu hupuwpbpwpwn punygBine £ £ nwppbpw-
yp: Uwywju hwpyh wnutiny yGuuwihnih wndt-
pp (UoW) hwoyh £ wnuynid bwl uwppwynpnid-
utph 2whwagnpédwl dwdyGwnp L wwhwywudwl
Swhuutnp: Uw UEpyuwjwgywé Euy. 8-nid: BEL R
nwppEpwyh gudwl wndtpl wyth gwén E, pwl
U wnwppbGpwyhup, uwywju vwppwynpnedutph
2whwanpédwl wdpnng dwUlytwnh pupwgpniu £
wnwpptpwyh wnpdtpp 700 nnpwpny wybh E
unwgyntd, pwl U wnwpptpwyhup:

auraueuLniy. Ungylu dnnnih  plupbpgnnpu
funphnipn £ nipynud yGpwuw)tp Unnnip 10-p,
npuntn nhwnwnpyynd Gu ubGpnpnudutph JGppnt-
onLpjwl hhduwywu uygpniuputinp: Unwug Un-
nncp 10-nd pulwpyywéd hwulywgnip)niulubph W
uygpniuputiph (hugwbu, oppuwy* thnnh dwdw-
Uwywjhu wpdbpp) ywwnpwéd nhinwpydwl' pu-
rEngnNp Ywnpnn £ wwwynnuunpn2nn tgpuyw-
gniejntbutph hwuqby:

9. Qnpépupwgp 2wpniwyynid £ bl
qpwnbgywénipjwl pupwgpnid

huntgpywé Unwnbgnudp UGpwnnid £ wpnyne-
LwyGwnnipjwl  gnigwlhpubGph  JnUuphpnphugp
26uph qpwnbgwénipjwl L 2whwagnpédwlu
thneGpnud: Uqwunwywl dninbgdwlu nGwpntd,
unynpwpwn, Uwhiwgdnnubph, thnpédwagbun

punphpnwuwnniubph W 2huwpwputph UGpgpwy-
Juwoénipiniup wywnpunynwd £ phUwpwnnipjwl
wywnpuny: Iuwnpwynnp k£, np 26Upp Ywpnn t G-
nh w2huwwnt] unupuy wjbu nGwpnid, et Lw-
hwahép hwdwwwwnwuhiwunwd £ unwlnwnpun-
utphu, gbwagptpp unnigyt] W hwuwmwwnyt) Gu
Ywpgwynpnn JwpJdhultph Ynndhg, Juujwiw-
nntlutpp Ywnnigbp BU punn qéwantph, W Yuwnp-
gwynpnn Jwpdhup wwihu £ wyjwpunwywl
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the designers, expert consultants, and build-
ers at the end of construction. While designs
may be to standard, plans checked and ap-
proved by regulatory agencies, and contrac-
tors receive the final approval, there is still a
chance that a building will underperform.
This happens more often that one might
think. Equipment may perform poorly,
construction details may have been
overlooked, or building occupants may be
using systems inefficiently; this could lead to
energy performance being below the expect-
ed level. Without monitoring the performan-
ce of the building during the operational
phase, none of these will be revealed and
there will be no chance to rectify them. For this
reason, many building-rating systems such as
LEED, BREEAM, or PassivHaus require post-
occupancy monitoring and evaluation of the
buildings they rate.

ROLE OF BUILDING-MODELING
AND SYSTEMS-OPTIMIZATION
SOFTWARE IN IBDA

The architectural and engineering software
industry is rapidly developing tools that can
support integrated design. It is crucial, how-
ever, not to exaggerate the importance of
software technologies in IBDA. As important
as they are, they remain tools to aid decision
making and collaboration; they will never be
able to replace them. Indeed, if effective pro-
cesses are not in place, no software program
could guarantee a sound decision or out-
come.

Building information modeling (BIM), for ins-
tance, takes computer-aided design (CAD)
tools to the next level by adding dimensions
such as time, cost, energy, daylighting, venti-
lation, and energy dynamics of a building over
time.

Today, many architectural designers mostly
use parametric tools such as Grasshopper
and Rhino. If BIM solutions are used, they
are mostly in the post-design phase to gen-
erate construction documents.®

As tools become more sophisticated and
interoperable, the gap between the two sets
of tools should begin to narrow. Autodesk,
for instance, has a series of tools (Building

wyw: bujwwbu nw Ywnpnn £ wmbnh nllGuw W
untupuy hwdwhiwyh: Uwppwynpnidubpp Yw-
pnn GU Jwwn whuwwnb, 2huwpwpwywl Jwu-
pwdwulbpnd wpnn GU pwgrennnidubn |hub,
26Upp gpwntgunnutpp Ywpnn U hwdwywpgb-
np ufuw| 2whwagnpéty, W wyu pninpp Yupnn £

hwugbgut) Upwu, np 26Uph EUEpgEWhY gnLgw-
upputpp guwhwwnytu wyuywiynn dwywnnw-
Yhg gwén: Unwlug 26Uph gnigwuhubph JUnuh-
eNphug wuglwgutint® npwughg ng UGYp ¢h pw-
gwhwjinyh W npwup 2wnyGine hwdwnp ng Jh
hUwpwynpnientu sh |huph 2Guph 2whwanné-
Jwlu thnened: Wn huy wwuwndwnny 26uph ywn-
ywuph2h guwhwwndwl 2wwn hwdwlwnagbp, hug-
whuhp GU' LEED-p, BREEAM-p ywu Pas-
sivHaus-p, wwhwugnid U hptug ynnuhg ywnp-
ywlodnn 26Uptpp dnuhenphugh nt quwhwunn-
Jwl Gupwnyt nhwup qpwntgubinitg htwnn:

¢hLU-h UG GtLLh
unasLudnruuu 64 3uvuvurasrh
OMShUULUSUUL 3UUUYUrQU3hL
oruarh A6re

swpunwpwwbnniejwlu W dwpunwpwaghwnnt-
pjwu ninpnh hwdwnp bwhwwnbujwéd hwdw-
Ywpgswihu  Spwaptph  wpnniuwptpneenul
wpwag nGdwtpny wjuwhuh gnpéhputp £ Upw-
yned, npnup Ywpnn BU odwunwyt| hunbgnpywoé
Uwhpiwagsdwl gnpdhu: Uwlwju wwn wnplnp E
sswihwquwugub] 6pwgpwjhu wnGhuuninghwubph
ywplnpnipiniup ShLU-nud: NppwU £ Yunplnp
LhUBU" npwlup punwutup gnpéhputp GU, npnup
Gpptp ¢6U Ywpnn thnpuwphub] npnanidutnh
Juwjwgdwu W thnfugnpbwygnipjwl gnpépupw-
ghu: Grt wpnyntbwybwnn gnpéplupwgutp sywl,
www ng Uh hwdwywnggwihu dpwahp ¢h Yuw-
pnn nput wnnng npnanud Ywd wpnynitup Gpwp-
huwynnb:

¢tuph GlwyGwnwihu lnyjwiutph UnnGiwynnnidu
(CESU-BIM), onpuwy, pwpépwgund £ hwdw-
Jwpgswiht  wynndwunwgwéd Uwhpiwgddwl
(CAD) 6pwagpwjhu gnpshputph Jwywpnwyp®
wyGlwgutbiny  wjuwhuh wdjwiutp, hugwhuhp
EU dwJdwuwyp, dwhuup, EuEpghwu, gEpGYwhu
(ncuwynpnidup, onwthnpundup, W EuGpghwjh
ogunwagnpddwl wj| nhuwdhy wnyjwjutp dwdw-
Uwywjhu Yunpywépny:

Wjuon dwpunwpwwbw-lwhiwagdnnubphg 2w-
nGnp hhduwywunwd Yhpwnnid GU Grasshopper

® Stefan Boeykens, “Bridging building information modeling and parametric design” in Gudni Gudnason and Raimar Scherer (eds), eWork
and eBusiness in Architecture, Engineering and Construction, London: Taylor and Francis Group, 2012.
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Design Suite, Green Building Studio, Project
Vasari, etc.) that allow for design fluidity and
building energy, ventilation and traffic flow
modeling, as well as many more."

CHALLENGES OF IBDA

Highlighting a few challenges of IBDA may
be useful as design, construction, and prop-
erty management begin to adopt high-
performance standards. As you will note,
some of these challenges are interrelated.

1. New approach that requires change. This
means change in the culture of design
and construction professionals.

The authors of /Integrative Design Guide
to Green Buildings.: Redefining the Prac-
tice of Sustainability (in Chapter 2) de-
scribe how they asked more than 3000
electrical and lighting engineers over a
12-year period the following question:
“When was the last time you had a con-
versation with your architect before de-
signing the lighting system and the actu-
al light reflectance values of the surface
of the walls?” The typical answer they
receive is a blank stare. These engineers
do not recall talking to their architects
about this. They are then asked: “What
values do you use?” The standard an-
swer is 80 for the ceiling, 40 for the
walls, and 20 for the floor. The authors
then ask, “What if the actual values are
90, 80, and 40?” The engineers answer:
“Well then, less lighting is needed”. In-
deed, this is the kind of culture that IBDA
would need to change.

Another example cited is about the loca-
tion of HVAC equipment in a 3000
square meter building that would have
used ground heat pumps. The architect
of the building decided prior to meeting
with the engineers that the mechanical
room for this equipment would be in the
penthouse. After some discussions
about the implications of placing the me-
chanical room in the penthouse (with re-
spect to piping, ducting, etc.), the archi-
tect asked the mechanical engineer
where he would place the mechanical
room. The engineer, who had more than

L Rhino wwpwdGwnpwjhu gnpéhputpp, huy
CGSU |nuénudutph oguwagnpédwl nGwpnid
npwup hhduwywunwd Yphpwnynd GU hGun-Lw-
huwgéwjhu thninud® 2huwpwpwywl thwunw-
pnRrbN Wwwnpwuwnbnt bwywwnwyny®:

Qnpshputinh wydtih pwpnwgdwu W thnfuyhpw-
nGlhniejwU hGwn hwdplUpwg wjn Gpynt gnpéh-
pwjhu thwpbrUENh Uhgl pwgp wtwp £ ujwgh:
Autodesk-p, opnhuwy, Uh 2wnp gnpShpubn nLup
(Building Design Suite, Green Building Studio,
Project Vasari, W wythU), npnup nLj GU nw-
thu UnnGlwynpb| pE” LUwhuwagsh aynLuncpe)nLup,
et Eubpgbunhlywlwl, onwthnpunieniup, Gp-
rUEYNLRJWU pRnnLUwynLEiNLUD W wju™:

¢hLU-h UuUrsuiruderuere

ChULU-h npn2 puunhpubphu  wunpwnwnuwip
ywnplnpyned £ wjbu hwugwdwupny, np bwhiwqgé-
Jwl, 2huwpwpniejwl W gniyph jwnwywnpdwl
ninpunp ulunwd £ wpnynibwyGunniejwlU pwpanp
ulnwunwnpwubn npnbgpt: buswybu YunGulubp,
npwughg 2wwntnp thnfujuwwygyws Gu:

1. Lnp Unwnbtgnwd, npp thnthnpunipjnil £ ww-
hwugnid: Uw Lpwuwynd £ Uwhiwgénn L
2htwpwp Jwulwgbwnubph Jowynyph thn-
thnpjunrpjnil:

«Ywlwys pGUpbph punbanyuwd Lwhuwqs-
vl ninbgnyg. Guyniunieywl wuwwhnydwl
gnnownnypeh (enwdliwlyGnwnidny  (qnLhu
2) qpph htnhuwyubpp ywwndnwd GU, @E hus-
wbu Epu hpGup 12 nwnpyw pupwgpnid wyb-
(h pwu 3 000 dwpunwpwqgbun EGYHNPHYUE-
nhu L [ntuwwnbGhubhyuGphtu tnwhu hGnljw
hwpgp. «Lniuwynpnipjwt hwdwywngp Lbw-
huwqébhu, wwwntph Jwytptuhg (nyuh wp-
nwgnJwu hpwywl wpdtpp hwdwpybinig
wnwy ybEpghu wlugwu G°np Gp qpnigb| atn
dwpunwpwwtunh hGny: Undnpwpwn Upwlp
wwwnwuppwuh hnpuwnptU nwwnwny hwjwgp
EhU  unwUunwd: Swpgdwlp Jwulwlygwod
dwpunwpwagbwnubpp skhu Junwpbpnud, 6
GppWEt wjn JwuphU gpnigwé [hUGU hpblug
dwnpunwpwwbnubnh hGuwn: WjunthGuinl
Upwug hwnpgnt) GU, RE wjn nGwpnid hug wp-
dtputip GU Yhpwnnid: Unwlnwnpwn ywwnwu-
huwup Bnt] E. wnwuwmwnh hwdwp 80, ww-
nGnh hwdwp 40, bW hwwnwyh hwdwn® 20: 36-
nhuwyutpp htwnn hwpgptp Gu. «buly Grb
hpwywl wpdbputpp (huGu 90, 80 L 40»:
swpunwpwagbunubpp npwu h ywnwuhiwu

1% Visit usa.autodesk.com and search for “Sustainable Design” under the “Solutions” drop box. You will learn about options available to

designers, many of which could be useful for IBDA.

Ujgt|bp usa.autodesk.com Yuwjpp W «nténidubn» pwdunid npnutp «hwpwlwinit bwhuwgénidy», npwbugh wnenGlwluwp bwhiwagstint
wjlpunpwlpltph Jwuhl, nnnughg 2wwntnp Ywpnn U ogunwywn |hut] huinGgpdwé bwhwgddwl dwdwlwy:
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20 years of design experience, was
speechless. In over 20 years of his
professional experience as a mechanical
engineer, no one had ever asked him
that question. After recovering from his
shock, the mechanical engineer present-
ed a very elegant solution that consider-
ably reduced work, material costs and
energy losses.

2. There is a lack of inclusion in many train-
ing programs for architecture, construc-
tion, and engineering.

To this day, many academic programs in
architecture and engineering fail to in-
clude curricula on integrated building de-
sign as part of their required coursework.
In many countries, the traditional separa-
tion of the disciplines is reinforced, which
only makes it more difficult later in pro-
fessional life to overcome these barriers.
This is a shortcoming that architectural
and engineering schools can and should
address in the short term.

3. It requires strong skills in facilitation and
the management of a multi-disciplinary
process. Such people are not that com-
mon and training programs are not readi-
ly available.

The field of professional facilitation has
grown worldwide in the past few dec-
ades. The type of facilitator needed for
complex building projects, however,
needs specialized skills. This person
needs to know not only facilitation but al-
so be familiar with building design as
well as high-performance standards.

In the Roadmap for the Integrated De-
sign Process, the authors identify the fol-
lowing characteristics that a facilitator
should have." The facilitator:

e is the steward of the goals and tar-
gets set during the charrettes and/or
workshops and updated throughout
the process;

e s skilled in the art of facilitation and
group dynamics;

¢ has knowledge of green design prin-
ciples (but need not be an expert);

e ensures the participation of all team
members and draws out the best
from the assembled expertise;

" BPWSC, Roadmap, p.17 and p.21.

3.

-297-

wub| Gu. «, win nEwpnd wybLh phg |NLuw-
Jnpnreynitl juywhwugyh»: I6Ug wjnwtu: Uw
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Uthuh thntuGy:

Lpwlg Yynnuhg pGpdwé Ujntu ophuwyp 3000
U? 26Upntd 930 uwppwynpnidltph Unluinwd-
dwl wintnh dwuhl E, npu oguwgnpédbint E
agnntunnwjhu eEpdwihu yndwbtp: CEuph dwp-
nwpwwbunp dwpnwpwabnhlu hwunhwt-
(ntg wnwye wpntu npn2tp Ep wyn uwppwyn-
pnuduGph hwdwnp JGuwupjwywlu pwdwl-
dniupp mbEnwyw)b d6nuwhwpynud: Ukhuw-
Uphywlywl pwdwudniupp 26Uph dGnUwhwp-
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mwpwagbw-dGuwuhy' Upwl ng np wynwhuh
hwng Gppukt sEp wnyG: Snyhg nnpu quinig
hGunnn dwpunwpwagbwn-dGluwuhyp Jh 2wwn
Unyhy nLénLd ubipywjwgntg, npp qquihnptu
ujwqgbgunid En wohuwwnwlpp, Ujntpuwywl
Swhuutbpp b EUGpghwjh Ynpniunubpp:

huynighynipjw (pungpywdnipjwl) pw-
gwlwjnipjntup Swpnwpwwbnnipjwl, 2h-
Uwpwpnipjwl b mEubupluywlu pwqdwphy
nLuntduwywu dSpwgpbpnud

UhUs opu dswnpunwnpwwGunniejwlu W 2huwpw-
nnLRjwl 2w Yppwywl dnwantp 2tuptph
hunmtgpywé Uwhiwgbdwl nuwuplpwgl
hpGug nruntdbwywu Spwagpnud g6U pungp-
yG: Cwuwn Gpyputpnud nwuwywunynn wnwn-
ywutph wjwunwywl nwpwluswunnidl wn-
dwuwnwynpywé E, hugp hElmwqw Jwulwagh-
tnwlwl Yjwuph pupwgpntd wjn fungpunnun-
utph hwnepwhwpnidp Jhwju wyth £ nddw-
pwglunitd: Uw Jh pwgrennnid £, np dwnpunw-
pwwbunwywl b dwpunwpwahnwywl nw-
npngutpp Ywpnn Bu, L ywpwwynp U Ywpé
dwdwluwyncd  pwguby:

Pwquwwpndpjwihu gnpépupwgh Ywquw-
YEpwydwl b ywnwywpdwl UGS hdnnipyniu-
utp Gu wuhpwdtown: LUWU hwwynLpjwdp
odnyjwéd dwpnhy 2wwn gEU, b nLuntduww
6pwagnpbpp hE2ninpjwdp s&U tipynid

Jdbpghu Jh pwuh nwulwdjwyutph pupwg-
pnid Jwulwaghwnwlywl nwwnh juqdwybtpw-
dwlu gnpépupwgp w2htuwphnd  (wjunptu
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e ensures a proper flow of information
during the charrettes and potentially
for all green design matters;

e can be the one responsible for keep-
ing the team on time and on target
for specific events like charrettes or
more broadly for green building certi-
fication or the whole project;

e has a good level of knowledge of
both the integrated design process
and green building certification (if
pursued).

As is clear from the list above, a facilita-
tor needs many specialized skills and
personal qualities to be able to manage
multi-disciplinary teams under pressure
to produce results.

4. Requires competency with building-
modeling and computer software.

On the global level, most architectural and
engineering design today is done using
computers. For specific countries to be
competitive and prepare qualified archi-
tects, they need to aggressively incor-
porate digital design capabilities into cur-
ricula. These digital design capabilities
should focus on building-performance
characteristics, not only the aesthetics of
a building. Without competencies for rapid
modeling and optimization, the chances
of fully engaging in IBDA may be limited.
)

wob] E: Pwpn 2huwpwpwywl Spwapbpp
ywquwytpwbint hwdwp wlUhpwdtn Bu
Jwulwaghwnwywlu hdwnniejnluutp: Ywquw-
UGpwhsp wEwnp £ ng Uhwjl upnnwlw njnt-
nwgut| gnpépupewgp, wjll Swunp huh 26U-
ph bwhiwgédwlp L gintpu hwuh pwpén wp-
nntbwytunnipjwl unwunwnwnubphg:

«hUintgndwod Lwpuwqgddwli  qgnnoplpwgh
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e Stnuwy E «ywlws LUwpiwgsdwl» ulyqg-
pnLuputpht, uwywjt wywnpwnwnhp gk, np
Jwulwgbw [huh,

e Uwwhnynd E phuh pninp wunwdutph
Jwulwygniejntup b punwjunid hwyw-
pwywu thnpdwnnipe)nLup,

e Uwwhnynd E nnbnGywwnyniejwl wywwn-
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«ywlws bwhiwgddwly pninn huwnpwynn
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Ywpnn E|huG[ wju wlap, n ywwnwu fuw-

Uwwnnt £ bwhiwgédwl' hwdwwnkn mewnqnn pwnwnphguGph Wdwl ynuyptnn  gnpédn-
nniejntblutph, Jwd  wydbih (wju wenwind® «qwuwg 26UpGph» uGpnhdhywgdwu Ywd

wdpnne Spwahp pupwgpnd rhdp uwhdwuywéd dwdwuwyh b bwywwnwyubph 2ppwliwy-
uGnnud wwhbGnt hwdwn,
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«ywlwg 26UpGnph» uGpunhdhywgdwl Jwupl (GrE wwhwlgynid E):
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Reading List | Cuptpgwlunipjwl UjnLpbN
7Group and Bill Reed, The Integrative Design Guide fo Green Building, Hoboken: John Wiley and
Sons, 20009.

Busby Perkins+Will Stantec Consulting, Roadmap for the Integrated Design Process, Canada: Brit-
ish Columbia Green Building Roundtable, 2007.

AlA Integrated Project Delivery: A Guide (2007) http://www.aia.org/contractdocs/AIAS077630

Whole Building Design Guide
http://www.wbdg.org/

American National Standards Institute. /nfegrative Process (IP). - ANS/ Consensus National Stanad-
ard Guide. - Design and Construction of Sustainable Buildings and Communities (MTS 2012:1).
ANSI, February 2, 2012

Audiovisual Materials SGuwdwjuwjhu UynLpbp

A YouTube search of “integrated building Ogquwytny YouTube ntunLpuhg® guintip «2GUpLEnh
design approach” or “whole building design” hunmtGgpywé ULwhiwgddwl dninbgnud»  Ywd
should bring up a lot of online content on the «2Guptiph hwdwihp bwhiwagénid» pEUwiny wn-

topic. gwug ujnietip:

Discussion Questions Rwpgtip pwbwytatEph hwdwp

1. Why consider an integrated building 1. bUgn’L Gup nhinwpynid 26UREPh hunBgpywé
design approach (IBDA)? LUwhiwgddwU Uninbgniup:

2. Compare and contrast IBDA to the 2. Swdbdwwntp W hwdwnpbp 26Uptnph hunbagn-
traditional building design and qwé bwhiwagbdwl Uninbgnidp Uwhiwagddwl
construction process. U 2hbwpwpniejwl wjwlunwywu gnpdplupw-

3. How would you explain IBDA to gh hGn:
colleagues or classmates who have 3. huswE°u Yuywpwanbp 26Uptph hunGanpywd
never heard of it? LUwhiwgédwl Uninbgnudp wyn Jwuhl wnw-
9hUu wugwd unn gnpépuytputphtu Ywd nuw-
upuytputppu:

4. LEpywjwgnpbp YGuuwihnyh wpdtpp qlUw-
hwwndwl Gnwuwyutnp:

5. LEpywywgptp 2G6uptph huwnbGgpywéd Uw-
huwgédwl UninbgdwU ogniinubph thwunw-

gh opnhuwyutn:

6. Qtp Ywnpsdhpny, npnUp LU pGuptph huwnb-
gpywdé Lwhiwgsédwl Uninbgdwl punniu-
Jwu/npnEgpdwU  hhduwywlu Jwpwnwhpw-

Jtpubpp:

4. Explain lifecycle costing.

5. Give examples of how IBDA has
benefited building projects.

6. In your opinion, what are the key
challenges of adopting IBDA?
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