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Module Plan and Learning Out-
comes

PLAN:

Outline and explain the core concepts for
passive solutions to gain energy efficiency
in buildings.

Student Learning Outcomes:

o Demonstrate understanding of the core
concepts of passive solutions for ener-
gy efficiency in buildings;

o Be able to explain the difference be-
tween passive and mechanical solu-
tions to creating thermal comfort, venti-
lation, and visual comfort;

e Be able to identify examples of passive
solutions.

Core Concepts

Building orientation
Solar position
Heat-island effect
Thermal mass
Shading (planting, structures, and
massing)
Daylighting

Light shelf

Albedo

Solar reflectance
Thermal emittance

Solar reflectance index (SRI)

Cool roof

Green roof (extensive, semi-intensive, in-
tensive)

Natural ventilation

Windcatcher

ASHRAE Standard 62

Mechanical ventilation

Forced ventilation

Hybrid ventilation

Infiltration

Wind direction (windward, leeward)
Pressure (positive and negative)
Stack ventilation

Buoyancy of air

Solar chimney
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Module 4: Energy Efficiency in Buildings. Passive Solutions

INTRODUCTION

To have thermal comfort and adequate venti-
lation, very often energy needs to be ex-
pended, i.e. we need to burn natural gas,
consume electricity, or some other resource
to increase or decrease temperatures, hu-
midity, or air flow in our rooms or buildings to
increase our level of comfort.

The challenge for architects and engineers is
to design buildings that will require minimal
energy inputs for desired thermal, ventilation,
and lighting comfort. While this sounds like
an obvious point, most building design in the
post-World War Il (WWII) era has taken the
availability of abundant and inexpensive fuel
and electricity for granted.

Building design from ancient times often re-
lied on ingenious use of the forces of nature
to create comfortable interior environments.
Wind catchers in deserts and hot countries
used movements of wind and flows of un-
derground water to cool the interior of build-
ings without energy input. Buildings were
massed to create narrow alleys, which in turn
increased shading and wind flow in the
summer. To increase the flow of light into
rooms, angles of walls framing the windows
were modulated to let in more light through-
out the day. In deciding on the location of a
building, southerly exposure to the sun was a
key decision factor going as far back as cave
dwellers.

Collectively, many of these solutions have
come to be known as “passive” solutions.
These are solutions that, by use of clever
and often simple and inexpensive tech-
niques, reduce the demand for energy inputs
in building operations. These solutions are in
contrast to mechanical solutions, such as
heating, air conditioning, and mechanical
ventilation units in widespread use, especi-
ally after WWII in Western countries. This
trend is rising rapidly worldwide.

With increased emphasis on environmentally
sustainable architecture, there is a re-emer-
gence of interest in “passive” solutions. This
module will discuss several “passive” solu-
tions, including building orientation, natural
ventilation, passive cooling, daylighting,
shading, cool roofs, etc.

Later modules will discuss another set of
passive solutions related to the building en-
velope, i.e. building cladding; the insulation

LEruonre3NkL

Qtpdwjhu hwpdwpwybwnnipntu b hwdwww-
tnwupuwl onwthnpuntd ntuEUwnt hwdwn 2wwn
hwéwh wuhpwdbywn E EuEpghw dwhuub: buy
nw Uywuwynwd E, npn JGup wbwp E plwlywl
qwq Jwnbup, ywd EGYunpwywuntenll ogunw-
gnpdtlp, Ywd Eubpghwih UGy wjl wnpjniphg
ogwnybup, npwbugh Jbtp Juwgwpwuubpnud Yuwd
2tuptpnid pwpdpwglblp YwU hebgublp onh
stpdwuwnhdwul nL fjunbwynte)ntup, wwwhn-
Jytup onh 2pswlwnnientup U, wjuwhuny,
pwpépwglubup Jtp Yybgnipjwlu hwpdwpwyt-
inntpjwl Jwywpnwyp:

dwpunwpwwbwnutph W dwpunwpwagbunubph
fulnhpp wjuwhuh 2GUptph Lwhiwgédwl Uty E,
npnup h yhdwyh gunuytlu’ oqginwgnnpédtiny uyw-
quagnyu pwuwynipjwdp EuGpghw, wwwhnyby
gwulwih gbtpdwjhu, onwthnpudwlu W [nLuwyn-
pnijwl  hwpdwpwyGunnientu: QUujwéd wju
wuBup pynd £ pwjwlywl wyuhwjn nt inpuwdw-
pwlwywl, wjuntwdtuwjuhy, Gpynnpn hwdw-
fuwphwjhu Wwuwnbpwaqdhg hGnn Lwhiwqgdywé
2tuptph JGéwdJwulnipjwl hGnhUwyutpu pu-
nnitubp Gu Edwl nu Jwuwgbih JwnbGhpubph W
ElGyunpwEuGEpghwih wnwwnnuejwl jwupiwywn-
wonp:

Ywgwpwuutph utppht hwpdwpwyGunniejw
uintnédwUu hwdwn ntnlu huwagnyu dwdwuwy-
utphg 2Guptph Uwhiwagénudp hhduyby £ punt-
rjwl nidtph ogunwagnpéddwl ypw: Wuwwwunw-
Jhu ywd 2ng GpypuGpnuwd hnnunpuhsubpp L
uinnpgbnljw 9ptph hnuptpu oguwanpédytb| Gu
wnwug Eubpghw dwhuutnt ywgwnpwuubnh ubp-
up hnqwgutint bwwuwnwyny: kvhn 2hbwpwpne-
rjwlU wnpyntupnid wnwewuntd Epu UGN QY thn-
nngutp W Uppwugplbp, npnup JGdwgunwd Ehu
unydGpnudp W pwdne hnupt wdwnwjhU 2ppw-
unwd: Udpnne opyw pupwgpnid puwlywl |nijup
hnupp nGwh utUptpp UGdwglbint Lwywwnwyny
thnthnfunwtd Ehu wywwnnthwulGph 2nLpg wwiwnh
hwwnywdélbph pbpdwl wuyjnluutpp: SEuptph
ynnuunpndwlu JGpwpbpjw] npn2dwl punniu-
Jwlu dwdwlwly hwwnty nwnpnieintl Ehu
nwnpéunwd hwpwywihtu  ynndunpnpdwup' wju
hwJdwpbny uplwnp gnpénu ntnlu pwnpwubw-
Jwjhu Jwpnywug dwdwuwywnswuntd:

Cunhwunip wndwdp' wyn |nténudubph UG6 Jw-
up hwjwnup £ «wywupy (nLénidubpy» wudwdp: Wj|
UGpw wuwdé' npwlp (nLonLJuGn Gu, npnugnid
ogunwagnnéynd U wwpquwaniu W nnpwdhun,
hwewlu ng pwulywpdtp ntGhpuupywywlu Jhgng-
utn, npnup EpnL GU wihu Ypdwwnt) EuEpghw)h
wwhwlswnyp 26Uph 2whwgnpédwl wdpnny
dwdwlwlywhwwnywoénd: Ujn  nénudutpu
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of walls, roof, and flooring; elimination of
thermal bridges; appropriate selection and
installation of windows and doors.

Building Orientation

How a building is positioned in relation to the
sun can have a significant impact on its en-
ergy demands. Many ancient societies un-
derstood this. Whenever they had a choice,
cave dwellers across the northern hemi-
sphere selected sites with southern expo-
sure. This increased solar heat gain in winter
while minimizing summer gains.

Because of the slight tilt in the axis of the
Earth, i.e. 23.5 degrees in relation to the or-
bit of the earth around the sun, the position
of the sun in the sky changes throughout the
year. In the summer the sun is at a higher
point in the sky than it is in the winter. This
shifting solar position is illustrated in Figure
1; however, the exact angles for the given
times will differ depending on exactly where
in the northern hemisphere you are located.

June 22
hntuhuh 22

September 22 and March 22
ubwwnbupbph 22 W Jwpwnh 22

December 22
nEywntdptph 22

Among the most famous cave dwellings uti-
lizing this approach are the ones in Mesa
Verde, built by the Anasazi, in Colorado, US.
The Anasazi people inhabited the site from
around 600-1300 AD. The site benefits from
the overhang cliff, which provides shade dur-
ing high sun in the summer (Figure 2).

wudhswywl hwynnujw GU W thnpuwgnnn wju-
whuh JGhuwUhywywl [nuénidutph, huswhuhp
Gu g¢bnnignudp, onnpwynidp, uwnhwnnwywu
onwthnfunwdp, npnup (wjunptu  Yhpwnytbghu
hwwnywwbtu Gpypnnn hwdw2uwphwihb wwunb-
pwqauhg hGnn wpbdwnjwl Gpypubpnud W Qwpnt-
Lwynid U wpwgnpbU nwpwédyt| wdtuncp, wd-
pnne w2huwphned:

«NMwuhy» hwdwlwpgtph Lywwndwdp hGnw-
pppnpnipjwl yGpwsuntunp ywwywé £ bwh W
wnwy 2npwyw Jvhpwywjph Uywwndwdp Yuwjncu
pUwwwhwwlwywl swpunwpwwbunniejwu
wwhwlgubnh htwn: Unyu nunignnuywu Jnnnt-
th Juwgwé pwdhuubpnd dJBup Yypulwpybup
wjn «wwuhy» [nLondutiphg Jh pwuhup, Jwu-
LUwynpwuwbu® 26Uph Ynnuunpnanudp, plUwlywl
onwthnpuntpinLup, wywuhy hnjwgnidp, puwywl
(hruwynpniniup, undGnnudp, hnd wtnwlhputpp
W wyu:

Rwennn  JnnniubGpnud  Ypluuwnyytu LGUpbph
wuwwnnn Ynuunpniyghwutphu yGpwptpnn® yw-
uhy (nténudutbph Lu UGy YywwnbGgnphw, wjuhupl®
2tuph npUuwwwwndwl, ywwbnh, hwwnwyh L
wnwuphph eEpdwdtyniuwgdwl, gpinh Judpowy-
utph JGpwgdwl, huswbu Lwl hwdwwwunwu-
huwl wwwnnithwUutGph nL nrutph punpniejwu W
Uhpwndwl yEpwpbpjw:

GEuph Ynnuunpn2nidp

¢tuph ynnuunpn2nidu UpGgwyh bywwndwdp w-
pnn £ Lpwuwlwih wagnbgnientu nluBuw] Yw-
nnijgh EuGpguwwwhwlugwnyh ypw: Wn hwlquw-
Jwlpp hwuywuncd EpU huwagntu 2w hwuwpw-
ynrejnLultn: 3jntuhuwghu Yhuwagunh puwyhsut-
np huwpwynpnipjwu nGwpnid gGpwnwuntd Ehu
hpGug pwpwudwyubnu punpt] wjuwbu, npwbu-
gh ynnuunpnonudp |huph nEwh hwpwy: 2w huw-
pwynpnipintu Ep vwhu wybiwgutb wplwjhu
gtpUniejwU unwgpp ddnwlp W Ujwquwantuh
hwugut| wJnwup:

UpGgwyh nhppp GpUuwywdwnph ypw nwpyw
pupwgpntd wupunhww thnfuynud £ UpGgwyh
2nne lnwnGywu wungunh hwpeniejwl LYwwn-
dwup Gpyph wywnwndwl wnwlgph thnpp' Unwn
23.5 wuwnhtwl, pbtpjwoénipjwl wwwmdwnny:
Udnwlu UpGqwyp  GBpyuwywdwnh dpw
gunuynd £ wyblh pwnpép yGnnud, pwl ddnwln:
LY. 1-nud gnyg £ inywé UpGgwyh nhpph thnthn-
funipntup mwpyw pupwgpnid: 3wuywlwih E,
nn Ujwpnd gnig nwéd wuyntuubph nyjwy
wwhh G2gnphnn wnpdtplutpp Ywhijwd Yyhutu
hynLuhuwjhu Yhuwqlunnd 46np gunudwsé Jwph
w2huwphwagnpwywu (wjuncpnLuphg:
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Figure 2. Cave dwellings of Mesa Verde located
in the US

SR

Lywp 2. Ubuw Jdbpnt (Mesa Verde) tmntnwuph
pwpwlbwyutpp UUL-nLd

Cave dwellers around the world made similar
site location decisions. In China, even today,
more than 40 million farmers live in caves,
mostly with southern-facing facades. The
decision to live in caves has the advantage
of sparing precious agricultural land. It also
offers the advantage of being warm in the
winter and cool in the summer. The decision
to select south-facing caves is directly relat-
ed to maximizing solar gains in winter and
optimizing shade in the summer.’

Figure 3 below illustrates the exposure of a
modern house at 1pm in the winter, spring,
summer, and autumn. In the summer, the
eastern, and especially the western, facade
will receive the most exposure to the sun.

Thus, with the long side of the building facing
the south, the surface area with intense
western exposure to the sun is reduced.
This, in turn, reduces the need to use energy
to cool the building. In the winter, the desired
sun exposure and heat gain are maximized
on the southern facade, reducing energy
needs for heating.

Bwpwudwywihtu  puwywdwinptphg  wnwyby
hwjwnuhubphg Jtyp UGuw dbpnt (Mesa Verde) L,
npp Yuwnnigytbl £ Wuwuwagh (Anasazi) gbntnph
ynnuhg® ubpyuwjntdu WUL YUninpwnn UwhwU-
gnuu: Anasazi gbnbpp puwyynd EpU wjn wnw-
pwoépubpnud JGp pwnpyniejwu 600-hg dhusl
1300 pywywlltpp: SGnwuph wnwybGnienLtul
wju E, nn dwjnwjhu ggywépubnp wdwnwjhu
pwnép Uplh dwnwquw)rutphg unytnnid GU pw-
pwludwyubnh Untinptnp LY. 2):

Udpnng wohuwphnd GunUuwhnp2tph pwpwu-
dwydubph nEnwpwhudwUu Jwjph puwnpnie)niup
Jwuwnpdt, £ wn uwwwnnidubphg GuGiny:
Wuqwd wjuopyw 2hLuwuwnnwunid pnipg 40 up-
thnU gjninwghwywl wnluwnbGunipnluutp puwy-
Jnwd U hhduwywunwd hwpwywhu dwywwnw-
jhu ynnuunpndwU pwpwudwyubnnid: Ruwytg-
Jwu pwpwlbdwydwihu wmwppbGpwylu ntuh wju
wnwybnipniup, np hbwpwynpntejntu £ wnwhu
wquwuwnt] unpwnp gjninununbuwyuwu bpwlw-
ynipjwl hnnwwuwnpwéplbn: Yu Lwl Uwwu-
wnwd £ obpUnipjwlt ywhwwludwup® dunwlp L
uwnuniejwup’ wdnwup: Pwpwldwyh Gwlw-
inwjhu Jwuh nEwh hwpwy ynndunpndwl puwn-
npniEintup Wwjdwuwynpywé £ wyn hwugwdwu-

pny":

LY. 3-nud gnijg U npwé dwdwlwlwyhg tnwl
(ntuwywjdwl (Epuwynghghw) wwwnytpubpp 4Ut-
nwjhu, gwpuwlwjhl, wdwnwjhu b wbwlwjhu
onw dwdp 13.00-h npnipjwdp: Wdnwup wnlb]-
jwl W, hwunywwbu, wpbdunjwl dwlwwnubpu w-
nwybiwantju sgwhny GU inLuwdnpyned Uplh Yynn-
Uhg: Yuwhuny, nGwyh hwpwy bwjnn Gpywp dw-
ywuwny ptuph’ nEwh wpWwdniinp Ynndnpnowé
wwuwnh Jwytplnyreh ypw Uplh dwnwagwjpnidp
Ujwagnid E: 2w bywuwnnwd £ 26Uph hnjwgdwl
hwdwn wuhpwdtywn EubEpghwjh pwlwyniejwu
LUJjwqbgUwlp: QuGnwjhu 2ppwunid nwlu hwnpw-
Jwjhu swywwnu huntuuhy (ntuwydnpdned EUNG-
qwyh ynnuhg b, hEinbwpwn, gEnnigdwl hwdwp
wwhwugynn Eubpghwih pwluwynieniup ujw-
gnLuk:

' Yongyan Wang, Zhongguo huangtu(Loess in China),(Xian, Shaanxi: People's Art Publishing House, 1980; “Cave Dwellings”, accessed

May 2013, http://depts.washington.edu/chinaciv/3arcave.htm
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Figure 3. Seasonal change in the location of the sun and impact on shading of the south-facing facade in the
northern hemisphere
January 15, 1:00 pm

April 8, 1:00 pm

July 15, 1:00 pm October 1, 1:00 pm

Intujwnh 15, dwdp 13:00 Uwnhrh 8, dwdp 13:00

3ntthuh 15, dwdp 13:00 Inywntdptnh 1, dwdp 13:00

Ljuwnp 3. Uptgwyh nhpph ukgnuwjhu thnthnfunipeyniup b wanbkgnipyniup mwbu hwpwywjhu 6wlwunh

unybpwgdwl ypw hyntuhuwjhu yhuwglunnod

Computer simulations for prototype buildings
across 25 climates in the US showed that
when more extensively glazed exposure is
oriented to the south, total heating and cool-
ing loads are significantly lower than those in
the same building oriented east or
west.? The magnitude of savings may differ
significantly depending on the size of the
building, amount of glazing, thermal mass® of
the building envelope, the size of overhangs,
availability of shading (such as trees), etc.
Some analyses by local utility companies
and municipalities in the US show that the
southern orientation of buildings can gener-
ate savings of up to 20% for heating and up
to 40% for cooling.*

Figure 4. Rotation in orientation that will still offer
benefits of southerly orientation
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Liwp 4. 3wpwdwjhu Ynndunpn2dwl wnwytpnt-
pintuubph uwhdwulutpp

Aenlu 1980-wywulbph yGuGppu WUL 25 Yyip-
Jwjwywu gnunphutph hwdwnp hwdwywngswihu
UnnGlwynpdwl vhongny Yuwuwnwnpywé hwpdwny-
uGph wpnyntupnud gnig npytbg, np pwywywl
punwpéwy wwywybywundws b ntwyh hwpwy
ynnuunpnwé dJdwybplnypubpny pGuptpnud
adtnwjhu ¢tnnigdwl L wdwnwjhu hnjwgdwl
Upw tutipghwjh gnidwpwjhu éwhuutpp qguwihn-
nGu wybh gwédp Bu, pwlu wjn Unyl 26Uptph
Eutpghwjh Swhuubpp Jwybplnyputph ntwh
wplllp ywd wpldninp ynndunpnadwl nbw-
pnid® Eubpghwjh wnuwnbudwl swhp Ywpnn E
Fwwbu wnwppbndt] Ywhdwéd 2tuph swihtbphg,
wwwytwywwnmdwl Jwybptuhg, 26Uph wwwnn
ynUuwnpniyghwutph  spdwjhu quugywéhg?
(pwgwnéwly ebpdnilwynip)niuhg), 26Uph Yw-
nnigywoépwihu Ginwuinubphg, uwnybGpdwl, wjn
rpyYnLd* Swntph wnyw)nieintuhg W wjlu: WUL dh
2wnpp hwdwjupwihu b pwnwpwjht dGnuwpynt-
prIntLUENh qguwhwwnwywuutpp gnyg GU wwihu,
nn hwpwywhu ynndunpnodwl nGwpnid Yunbih
E hwulb] Jhusglh 20% EuGpghwjh wnuwnbGudwl
ddnwlp gtinnigdwU Yypw L dhugl 40% wdwnw-
JhUu hnwgUwl Ypw:

PwqUwprhy wnGnwuputp jupnn U uwhdwuw-
thwynidutnp nluGuw] nEwh hwpwy Yynnuunpny-
JwU huwpwynpnipjnLultph wnndny: Innuwnw-
nwéph Gpywp Ynndp Yupnn £ dgqyti hjntuhuhg
hwpwy, winwhuny huy huwpwynpnrejntl sinw-
(ny ogwnwgnpét] hwpwywihlu dwnwagw)enLUup:
Uhwdwdwuwly, nw fununtd £ wju Jwuhu, np 2GU-
ptGnh ynnUunpndwu yGpwpbpjw] ybwnp £ dinw-
66| ntnlu hnnwhwwunywgniduGph thnind, Gpp
swpunwpwwbGwnubpu wyGh (wu W ayntu npn-
2ntduGph hUwpwynpnienlulbn nluBu: Lpwup
ywnnn BU bJwqbgub] wywytwywwndwl wuwnp-
dwup wpldnjwlt dwlwwnd W JGdwglub

2 Brandt Andersson, Wayne Place, Ronald Kammerud, M.Peter Scofield, “The impact of building orientation on residential heating and
cooling”, Energy and Buildings 8 (3), 1985, 205-224, http://www.sciencedirect.com/science/article/pii/0378778885900052
® Thermal mass refers to how the mass of a building can flatten out temperature fluctuations inside the building as the outside

temperature fluctuates.

“«Solar Site Design Is No Shady Deal”, accessed April 1991, http://oikos.com/library/solar_site_design/index.html
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Many sites may be limited in their southerly
exposure. The longer side of the land parcel
may be north to south, thereby not allowing
full utilization of southern exposure. While
this highlights the need for thinking about
building orientation at the urban planning
and parcelization stage, architects may still
have some flexibility in design. They could
reduce glazing on the western facade, and
instead increase glazing on the narrower
northern and southern facades. Additionally,
variation with an angle of plus/ minus 30 de-
grees from a directly southern orientation will
still give you benefits (Figure 4)°.

Shading

Shading is the intentional creation of shade
on hot summer days by structures or plants.
This simple and often inexpensive solution
can have a significant impact on the energy
load of a building. Studies have repeatedly
shown that shading can significantly lower
surface and above-surface temperature of an
area. Studies from the US show that the
temperature of a shaded area can be up to
25°C cooler than a non-shaded area.® More
recent studies from the UK place that num-
ber to up to 20°C.’

Trees on the eastern, southern, and western
sides of a building will help to reduce energy
costs. The selection of tree types, however,
is important. Deciduous trees, trees that
shed their leaves in the fall and regain them
in the spring, are most appropriate. This is
because in the winter months you do not
want a barrier to sunlight (Figure 5). Trees
closer to buildings would also need to be
pruned so that the lower part of the trunk has
few branches; the crown can provide shading
for the roof.

Trees that are not “solar friendly” can still be
used. Evergreens can be planted on the
northern side of the building. They can also
be used on the western side to block the in-
tense summer heat of the setting sun.®

hjntuhuwhu W hwpwywjhU nLnnnienLUuGpnLU:

Fwgh wjn, nGwh hwpwy nnniejntlhg
wpynwu/dpuniu 30° stnnudubpp Ywpnn U wnwg

(nwgntghs ognuinutp (LY. 4)°:
Uwnytpnwd

Unytpnidu  Upuh  dwnwquwjpenidhg hwwnnty
Wwuwnuwwnpywséd wnwnpwoéph unbnénudu £ Y-
nnigywoépubph Ywd pniuwywuniejwl oguw-
gnpSdwdp: Un wwpq W ng pwuywndtp uhen-
gwnnudp Ywpnn £ qqwih wqnbgnieintu nluk-
Uw| 26Uph EuGpgquwwwhwUuswpyph ypw: FPwgqdw-
rhy hGunwgnuniejniulbpn gniyg Gu wndb, np
unytnpnudp Ywnpnn EqgwihnptUu hetgut] unybn-
Jwsé Jwybplnyeh W wjn ghinnig yGp guinuynn
Jwytplnyprh stpdwunhdwun: UdGphyjwl hb-
tnwgnunipjntuutpnh wpnyniupnud wwpgyb) E,
np unybpwdé Jdwybplnyph otpdwuwmhéwlp
ywnpnn £ 25°C-ny wyth gwén [hub] sundbpywd
dJwybpunyeh stpdwunhséwluhg®: Uhwgjwy Rw-
gwynpnipintunutd wydbth n uwnwpwéd
ntunctduwuhpniejnibutpl wyn gnigwuh2p uwh-
Jwuntd &U Uhlugl 20°C™

ctuph wplubywl, hwpwdwihu W wpldunjwl
ynnutnph Swnbpp LUwywuwnnwd GU 2EUph EuGpqw-
wwhwUswnyh ypéwwndwlp: Swnwinbuwyh pu-
wnnnipnLul, wjuntwdtuwjupy, swihwquwug Yw-
nunp £ Uwnwppwydnnp éwntpp W wjl dwnbnp,
npnup wlwlp wnbGplwewt U hunwd, huy
guwnpUwup YGpwywugund GU wmGplwdwoéyn,
wdGUwhwpdwnp Swnwwbuwyutpu Gu: Yw
wwwndwnp wwnq £ ddGnwjhu wdhuubphu nnip
wyblh phs wpqgbputn Gp gwuywunid ntuBUwy
wnplbwjhu EuGpghwjh hwdwp (Y. 5): CGuphu
dnuin woénn dwnbpp Unyuwbu wybwp £ hwdwww-
tnwupiwlwpwn dowyytu wju hwpdny, np pluh
dwup huwpwynphuu gnipy (huh &ntntphg, huy
uwnwnep®  huwpwynphuu  pwpép, npwbugh
wdwnwjht wplwjht dwnwaguwjrenidhg unybph
26Uph tnwlhpp:

Ywnnn U ogqunwagnpéyt] bwl UpGgwyh Eubp-
ghwjh ogumnwagnpédwlp suwwuwinnn dwntp: Up-
nwnwiwnp Swntpp Jwpnn GU wnuyytp 28uph
hjnLuhuwhu wWwwh Gpywjupny: Ywup Ywpnn
EU oguwagnnéyt] Lwl wpldwnjwu Ynnuhg, np-
wbtugh wdwnwjihu nwwhlu Jdondwgubu dJwjn

® «“Passive Solar Home Design”, accessed April 2012, http://energy.gov/energysaver/articles/passive-solar-home-design
¢ «“Trees and Vegetation”, accessed May 2013, http://www.epa.gov/heatisland/mitigation/trees.htm. It is noteworthy that one to two
degrees Celsius of this reduction is attributable to evapotranspiration, the process of a tree or other plants releasing evaporation, thereby

cooling its surroundings.

UUUL 2ppwlyw dhowdwiph ywhwwudwl gnpdwywinipiniu (http://www.epa.gov/heatisland/mitigation/trees.htm): NLpwagpwy E, np wju
dtyhg Bpynt wuwnhbwl SGuhnuh Ujwgnudp yGpwapynd £ gninppugdwl-ubpdsddwl gnpépupwgutbphl, Gpp dwnbpp Yuwd wyjg
EnLJUUﬂD wpwnwnnnid U gninn2h, wjuwyhuny uwnbgutiny vhewywjnp:

David Armson et al, “The effect of tree shade and grass on surface and globe temperatures in an urban area”, Urban Forestry & Urban
Greening 11 (3), 2012, 245-255, http://www.sciencedirect.com/science/article/pii/S1618866712000611
8 «Solar Site Design Is No Shady Deal”, accessed April 1991, http://oikos.com/library/solar_site_design/index.html
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Building designers should consult with an
arborist or landscape architect to make ap-
propriate tree selection to gain maximum
benefit for the building from the shading ef-
fect of trees.

Use of plants for shading is a common prac-
tice. In Yerevan and Thbilisi, cities with hot
and very sunny summers, a common solu-
tion has been planting vines which filter a
substantial percentage of direct sunlight.
Grape vines are traditionally used, although
other vines are also seen (Figure 6). The ad-
vantage of these vines is that they provide
shade in the summer and allow light and
warmth to pass through in the winter. For the
pitfalls of the improper use of vines or use of
damaging vine species refer to a landscape
specialist or an authoritative information
source.’

dnunn UpGqwyh ebpUnipjwl dwnwagwjpUwl
wqntgntentup®:

Ctuptph LUwhiwgénnutpp wbwp E punphpnw-
ygtl wuwmwnwagbwnubph W |(WunRwdnwhu
swpunwpwwbwnubph hGn hwdwwywwnwupuwu
Swnwuwbuwyubph puwnpnipjwl hwnpgnid, pwuh
nn 6hown puwnpncejntup Yuwwuwnh unybpnidhg
wnwybwantu ognhiinh unwgdwup:

Pniuwywunipjwl oquwgnpénidp  unytpywé
Jwytplnyprubph unwgdwl hwdwnp pwywywl
nwnpwdywsé Gpunype £ Swunn nwp W wpbwjhu
wdwnutn nwutgnn Gpuwunwd W @phihuhnd
nwpwoédwsd £ huwnnnh Jwqbpny wpwnwphl
wwwnbph ywwnnwdp, npnup qqwihnptu «gquncdy
GUu Uplh nunphn dwnwagquwjenidp: lwwnnnh Jw-
gtpu wjwunwpwn U yhpwnyned, Gpptdu hwu-
nhwnid GU bwl wy| pnyutph Juagbp (LY. 6):

WUn Jwagbph wnwybniejntul wju £, np npwup
wunwup untnénud GU undbpywd dwybplnip-
utp W ddnwlp pwg BU pnnunwd |nyup W 9Gp-
Jnipyniup: lunwuwthtine hwdwp Juqbph upuwg
punpnipjwt Ywd Juwuwywp Jwagbph pluun-
pniejwl pwlwnpnu puyubintg, wuhpwdbtn E
funphpnwygt] hwdwwwwmwupuwl Jwulwagbun-
uGph hGwn wd nhdtb] nGnEywwnyniejwlu htnh-
Lwywynp wnpjntpubph®:

In addition to plants, physical, structural shading is also frequently used. Some of these physical
shades, such as exterior wooden shutters, are traditionally used in many parts of the world. These
will be discussed in the daylighting section below, especially in the “solar shading devices” section.

°Fora very informative discussion of building damage caused by various species of vines, see:
http://www.fassadengruen.de/eng/uw/climbing_plants/uw/greening/greening/building-damages.htm

-119-



Module 4: Energy Efficiency in Buildings. Passive Solutions

Figure 6. Use of vines for shading is common in the Caucasus, including in Yerevan. It is a good practice that
can be used to enhance design and building occupant comfort. In the rendering of the bottom photo, the west-
ern facade of a US Federal Building in Portland, Oregon, has trellises with vines growing on them. For
updates, see the site for the project architect SERA (serapdx.com).

Ljwp 6. dwqbph ogunwgnpénidp unybpdwl bywunwyny nwpwésjws £ Unyywunid, Uspwrjw] Gplw-
unud: Ruwyhgutph hwpdwpwybwnnipjwlu no 2Uptph nhqwjuh wenwdny nw pwy dhgngwnened E: Unnphlu
Uywpnud gniyg £ mpuwé UUL dbnkpw 26Uuph (Mnpunjkun, Optgnu bwhwlq) wpudnjwl Gwlwwp, nph
Jypw wmbEnunpjwé dwntpny wénud U uwnnnh Juqbpp: Vwupwdwultpht swunpwlbwint hwdwp nhdty
SERA Swpunwpwwbunwlwl bwhiwagsh Yuypht' SERA (serapdx.com)

As a final note, curtains and internal shades Pwgh pnrjutiphg, gnjniejniu ntutl $hghlywlywu,
are also frequently used solutions from an ywnnigywdpwjhu unytnnid, npp unyuwbu hw-
energy efficiency perspective. If we want to dwhu £ oguwagnpéynd:  Wn  dhghywywu
keep interiors cool, it is best to prevent the unytpdwlu npn2 wnwppbpwyutn, huswbu, opp-
heat from entering the building in the first Lwy, hwjnjw wpwnwphu thenytn, wjwunwpwn
place. It helps if the exterior-facing side of ogunwagnpéynd U wphuwphh wnwppbp 6wjnt-
the curtain is white or a color with a high al- pnid: Ywlp Ynuntduwuphpdtl hEnwagqwinud®
bedo (see “cool roof” section below for more gtpGywyhu  |pruwydnpnipjwup W wplbwjhu
in-depth discussion of albedo). When trying unytpdwup yGpwpbpnn pwahulbnnid:

to keep a building warm, curtains can also be

very helpful. Npwtu yGpglwywl nhnnwnynid* wuhpwdtn t

U26[, np Ubpphu 26pwnwithtnytpp W Jwpwanep-
uGpp  Uunyuwbu  bhwédwhi  Yhpwnynn L
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Daylighting

Lighting is a major expense, especially for
commercial buildings. Using natural lighting
during daytime is sensible. Natural lighting
also tends to improve psychological wellbe-
ing, increase worker satisfaction levels, and
reduce visual stress.

To use natural light effectively, however,
buildings have to be designed properly. To
have a room or a building where the sun di-
rectly shines into a room, creating not only
excessive heat but also glare that prevents
adequate visual performance can only make
matters worse for the occupants. On the oth-
er hand, having shades and shutting them
and turning the lights on during daytime is a
result of bad design.

Designing buildings that take maximum ad-
vantage of natural light to produce both dif-
fused and sufficiently bright light is the prac-
tice of daylighting. Through daylighting strat-
egies, architects bring natural light as deeply
as possible into a building while controlling
glare and direct sun. A masterful example of
that was Yerevan’s Enclosed Market (Figure
7).

Figure 7. Yerevan’s Enclosed Market, built in the
1950s and designed by architect Grigor Aghaba-
byan, was a masterpiece of daylighting

Ljwp 7. Gpuwlp Swélwd 2nijul, junnigwsé

1950-wjwlt  pywywlulutphl, Gwpunwpwybun'
Qnphgnp Unwpwpjwl: Iwdwpynid £ gbptlywphu
Lneuwynpdwl ginitfugnpéng

Another masterpiece of daylighting, although
at a larger, iconic scale, is the glass dome at
the Reichstag in Berlin, designed by Norman
Foster (Figure 8).

EuGpgwwpnynibwytGunn (nuénudubn Bu, uwyuwyju,
wjuntwdGUwjuhy, wbwnp £ UG, np Grb gwulyw-
unw Gup wwhwwubp Ubpphu sGpdwjhu hwp-
JwpwyGunipniup, www wnwebwihu puunhpp
gtpUniejwl’ nbwh Jugwpwl UGppwhwlugdwl
wngGwynwdu £ Ogunwlwnp Yyhuph Lwl, Grb
2Gpunwhtnyh wd Jwpwantph wpwwpeht ynn-
Uh dwytplntjep (huh uwhwwy gnijup, wd np-
LE JGY wy’ pwpép wiptnn nlubgnn gnijuh (nt'u
unnpl pGpynn «3ny tnwlhpubp» pwdhup® wipk-
nnjh hwulwgniejwlu wybh funp puywdwl hw-
dwn): Grb nnip thnpénud Gp Yugwpwunwd wwh-
wwlub] eGpdnipintup, www 2Gpwmwthbnytpp
wd Jwpwagniputpp Ywnpnn Gu 2w oguiwlwn
LhUG:

S8tpGYwjhu (nLuwynpnepynil

Lniuwydnpnipintup  EuGpquuwwndwl  Yuwnplnp
SwhiuwjhU hnnywé £, hwnywwbu® wnliinpwjhu
2tuptph hwdwn: Ruwywu (ntuwynpniejwl og-
nwagnpénudp  gbpGYwjhu  dwdbphu  Jhwlgw-
Jwju wnpwdwpwluwlwl £ FRuwywl [nLuwyn-
pnieintlp Lwl pwpbiwynd £ hngbpwlwywu
pwpbybgniLpinitup, pwpapwgund w2uwnnnut-
nh pwywpwpywoéntpjwl Jwywpnwyp, hugwtu
Lwl bjwqgbgunwd £ nGunnwywl uepbup:

Fuwywl pLuwynpnipjwu wpnntbwybn ognw-
gnpSdwl hwdwpn, wjuntwdtuwjuhy, 2Guptpp
wbwp E hwdwwwwnwuhiwl duny bwhiwaqgéytl:
Grbt Uh ubUjwynid wd 2GUpnd Upll wudhgw-
WEu thwjnd £ innwnpwéph UGpunwd W unbndnud £
ng Jhwju wybgntywjhu gtpdnipinil, wj bwl
wuwjdwn [niju, npp fuwlgwnpnid EwnGyjwwn ink-
unnwlywl puywdwup, wwyw winwhuph tnLuwyn-
pnieintup Jhwju fulnhputp £ wnwwgunid utlu-
jwynid ywd 26Upnid ginuynnutnh hwdwn: Ujniu
ynnuhg' puwlwl [nLjuh Untinph wpgbwynwdp W
wnhGunwywu (nuwynpniejwl Yhpwnenidu wp-
n&U ywwn bwhiwgsdwl wpnjniup E:

Fuwywu nuwynpniejwl wpwynhywind Yyhp-
pwnnd U 2BUpGph Uwhiwgédwl  wjuwhuh
uygpniuputin, npnug ntwpnud puwlwl [nNLuhg
unwgynud £ wnwybiwagnyu wpnyniupp gpywé
(ncuwydnpnipjwl nbupny: 8GpGlwjhu [nLuwyn-
pnirjwl wjn nwgdwywnpniejwl hhdwl Ypw
swpunwpwwbGwnubpnp puwywl (nuyup hwuguncd
GU 26Uph huwpwynphUuu wybh unphU twnwép-
utphu® huytind Uplh ninnuyph dwnwquwjedwl
thwjlptiph (gniptnh) wnwgwgnidp: Un nwqlw-
Jwpnipjwlu Yhpwndwl (wywagnyu ophbwyub-
nhg UGyp GpLwuph wélwé onLywl £ LY. 7):

FUwywU (ntuwynpniejwl UGY wy) ginthugnpdng
E, rGYNLg L wnwyb| UGdwdwu2nnwp nL funphp-
nwlywywl, Nwjuunwagh wwwyw qdpbep
uy. 8, swpnwnpwuwbw® Lnpdwl dnunbp):
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The poetry of the design allows natural light
from the outside world to shine on parlia-
mentary debates and allows ordinary citizens
to walk above their representatives down be-
low. The dome cuts down on the use of elec-
tricity for lighting, as natural daylight shines
through the mirrored cone down into the par-
liament chamber. The sunlight can be so in-
tense that a screen tracks the sun to soften
the glare.

Figure 8. Interior view of the glass dome of the
Reichstag in Berlin, Germany, by architect Nor-
man Foster, another iconic masterpiece of day-
lighting. The dome also allows for natural ventila-
tion from the top of the dome, similar to the Pan-
theon in Rome

Liwp 8. Nuwjluunwgh 2EUph wwwyjw quptph
Ubpphu wnbupp (Rtnihu, Atpdwluhw), dwpwnw-
puwwbwn' Lnpdwl dnuwnbp, U6y wyp gnLugnp-
6ng gbptlywjhu (nLuwynpnipjwl: Qdpteh ytphu
dwup bywuwnnd £ puwlwl onwthnpudwlp' 3-
nnuh ywupbknuh Udwl:

Pwgh uwmbnéwagnpénipjwl  wnGunhywywunt-
RInLUhg, tpp wpuwphu w2iwphh puwywu ny-
up thwjthind £ unphpnwpwlwywlu pwlwybat-
nh ypw U Gpp hwuwpwy pwnwpwghutpp ytp
n. Jwnp wubnd Ywpnn GU hGinlb hpGug pu-
wnpjwiubphl, hUwpwynpnientt yw  Ypdwunby
ElGywmpwtutpghwih  Sdwhuup |nLuwynpnipjwl
Jpw, pwuh np gEpGywjhu |pyut wunpwnwnUw-
(ny ynuwlwlu hwjbhutph ypw' pwihwugnud t
funphpnwpwluwywU nwhihéh uinnphu Jwubpp:

UpGgwyh |nyup Ywpnn £ wjupwu nwdbn |hub,
nn (ncuwjhbu thwypbph Jenddwtu hwdwn Wplhu
hGunlnn Eypwuh gnpéwpyuwl wuhpwdbwnnt-
rInLtU wnwewluw:

Fwgh wjn Gpynt Lpwluwywihg ophUwyutphg,
puwywu |pruwygnpnipintup Ywpnn £ oguw-
gnpéytp bwl unynpwywlu wnlnpwjht Ywd
puwyGh 2Buptpnud: Qnjnieintl nlUGU  nyYjwig
2tuph gbpGYwhu puwywl (pruwynpniejwl ow-
inhdwy (ntoncdutph W dninbGgnudubph qubwquwu
tnwppbpwlutn™: e Ywpnn Bp Uywunbl, np
npwug Uh dwup ywwlwé £ wj «ywuhy» |nL-
onudutph hGwn, npnup Unyuwbu UEpYwjwgywd
U wju Unnnrned:

e Owwhdwiwgywé gbpGywjhu (nyuny 26Uph
dwytGpnyp® hwpwdwjhu W hjnwuhuwghu
ynndtphg wnwybiwagnyl ntuwynpnip)nil,
funtuwthGind wplbgwu W wpldnjwl ynn-
Jtphg ninnwyh ntuwynpniejnituhg: UGLUjw-
Uh wnwyblwagniu funpnieynitup Ywpnn £ (p-
utp 18-20 J, npp ywwwhnyh wpnjnitbwybun
(ncuwynnpnieinitt hjntuhuwjhu W hwpwywjhu
Unnutnhg,

e MuwuwunthwlW/yww dJwybptuutph hwpwpk-
pniejwl hwpdwpbgnud Yhdwjwywu wwj-
dwultphU® hwjwuwpwnt] wwwybywwn
swoéynyrhg pwhwugwé |nyup wywwnh ekp-
dJwdtynwuhg hwwnynipjniulGph hGwn: Lniju-
huy wdblwywwnwnpjw| ywwnnthwuubph wn-
nntbwyGunnipiniup Gppbp sh Yupnn hwulbg
wwwh ebGpdwihu  wpnynluwyGunniejwun:
Lnyuh b eGpdwdtyniuwgdwl vhol wybwnp E
hwunwwyh npnpwyh hwjwuwpwypnnt-
feJnLu,

e Pwpép Ywwnwnpbihnipjwlt wwywyswwnned
npwup wwwyhubn Gu, npnugny pwhwlugnid
E wybh pwuwn (nyu, pwu gGpdneeyncl: Wynwh-
uh ntp wpnn GU Ywwunwpb, Gpy2Gpn Jud
Gnwotpn wwwyjw dwéynyeny W hepdbunhy
ywnnigywépny wwwnnithwuubnp,

e 8tpLlYwjhU |nLjuh wnwUdhU owywnhdwiwgywsd
Uwhiwgénd’  wwwybwywwn  wwwnnithwuny
prwhwlugwsd |nyuh nbuwlbhniejwl wwp-
gnipjwl W pwthwugwéd |nyuph® ywwnnithwuh
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In addition to the two iconic buildings noted
above, daylighting can also be applied to or-
dinary commercial and residential buildings.
There are various approaches and solutions
that can be employed to achieve optimal
daylighting for a given building." Some are
linked to other “passive” solutions discussed
in this module:

e Daylight-optimized building footprint -
maximizing southern and northern expo-
sure and avoiding direct eastern and
western sun. A room depth of 18-20 me-
ters seems to be the maximum for effec-
tive daylighting from northern and south-
ern light.

e Climate-responsive window-to-wall area
ratio - balancing the light brought in by
glazing with the insulation properties of
walls. Even the most high-performance
windows cannot achieve the thermal per-
formance of walls. The trade-offs be-
tween light and insulation should be bal-
anced.

e High-performance glazing - these would
be windows that would allow in more light
than heat. Double or triple glazed win-
dows with adequate sealing and con-
struction can perform this role.

e Daylighting-optimized fenestration design
- balancing between clarity of vision pro-
vided by window glazing and diffusion of
light by the window. Not every part of a
window needs to offer a full view to build-
ing occupants. In reducing viewing clarity,
glare may be reduced.

ynnuhg gndwu Jhel hwwuwnpwynnid: Mw-
innthwuh ng pninp Jwubpp wbwp £ 2Gupnud
gwnugnnutphu nnwu |phy wnGuwpwup: LYw-
qbgubiny nGuwpwUuh wwpgniejnLup® [nLjuh
wuwjswnnie|ntup ywnbh Eypdwwngy,

Lniuwjhu hnptp W gbpGYwihu (nyup punnn-
quywynp hwpdwpwuputbp® adGnuwhwnyw-
Ihu wwwnnithwUluGpp uGUjwy Uniinp gnpdbint
hwdwp pwywpwn nuwpwtwug Bu: Wn
wwuwnthwuubph nhppp Ywhpiwéd E [nyup
punyphg' ninhn pt gnwé:  Wdwnwjhu
wuUhuuGphU npwup Ywpnn GU hwunhuwlw|
Jwn (nyuh wnpjnip, Geb ynndunpndwsé Gu
ntwh wpuwbpe, wpwdninp ywd hwpwy W un-
Jepywd (Eypwlwynpgwd) sbU: Yn wywwnnt-
hwuutpp Uwl eGpdniejwl UGphnuph Yuwu
ynpuinh wnpnip Gu: Wn wnnudny npwlg og-
tnwagnnpédwl dwdwuwy wbwp £ hwyh wn-
UGl pE’ [nuwjhl, rE stpdwjhUu hwadtyohn-
utnp,

StnGYwjhu [nyuh ninnuéniejwu thnthntu-
JwUu hwpdwpwuputp (huswbu, ophuwy® |nL-
uwjhtu «nwpwlutbpp»)’ pEEW [nLUWhU «nw-
pwyutpu» ogunwagnpénud BU, npwybugh wp-
gblwthwytlu ubUwly pEwithwlugnn [nLuh
ninhn dwnwaquwjRUtnpp, npnup nunnynwd Bl
nGwh wnwunwn L wunthGinlb gnwé dw-
nwquwjrUEPp mwpwdynd GU wdpnne ubUjw-
yny Jty (uy. 9):

e Skylights and tubular daylight devices - skylights allow ample light to enter a room. The location
will have different impacts depending on direct or diffused light. In the summer months it may be
a source of glare if installed facing east, west, or south and has no shading. It is also a source of
heat gain or loss. Therefore, its use has to be considered in a building’s energy and light bal-

ance.

e Daylight redirection devices (such as light shelves) - light shelves are used to block direct sun-
light entering a room, while at the same time deflecting it to the ceiling of a room which then, in
turn, spreads it throughout the room (Figure 9).

"% Greg Ander, Daylighting, Washington, D.C: FAIA, Whole Building Design Guide, http://www.wbdg.org/resources/daylighting.php
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Figure 9. Use of light shelves allows for shading against direct light and the reflection of indirect light deeper
into the interior space

Summer-Winter Solstice / wdwnwjhU-4UGnwjhU wpliwnwpé, Spring-Autumn Equinox / gupUwUwjhU-wUwuwjhU gh2Gpnwhwywuwn
Ljwnp 9. Lnruwjhu nwpwyutpp unytpned BU ninhn (pyup b bywunnud gpdwé nyup pwthwugdwup nkwh
UkpphU wpwéph unppp

Solar shading devices - there is a wide
variety of solutions for solar shading. De-
vices may include louvers, screens,
shelves, or plants. One architectural firm
that has used such shading devices to an
iconic effect is Morphosis (Figure 10).
There are many more common shading
structures that can be integrated into
building design (Figure 11).

Figure 10. The iconic double skin of the architec-
tural firm Morphosis. Pictured is the Cooper Un-
ion building in New York.

UplwjhU wwwwwuhs uwppbp® gnjncpinLu
nLtuGU Uplh dwnwagwjenidhg wywwunwwlnn
uwnptpph pwquwrehy tnGuwyutp: Ywlup Yw-
nnn GU |pub 2Gpunwithenytp, Eypwuutp, nw-
pwyubn Ywd pnyubn: dwpunwpwwbnwywl
wuGUwhwjwnuh puytGpniejntup, npu ogunw-
anndt| b win wwwnwwlhg (unygbpnn) uwnpt-
np Whwub] Euwluwywih hwennniejntuutnh,
Morphosis-Uu £ (Uy. 10): YwU bwl pwgUwphy
wj| |hLénLdutp, nnnup ywnpnn Gu UGpgpwyyty
2tuptph owywnhdw] bwhiwgédwu gnpéplpw-
gnud (LY. 11);

IR

Ljwnp 10. Cooper Union 2EUph wpwmwphl Eplyotpn «dw2yp» (Lynt 3npp): Morphosis Gwpunwpwwbunwlwl
puytpniejnil
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Figure 11. Commonly used structural and architectural elements to provide shade. The bottom photo shows
the American University of Armenia’s new building with structural shading used for the southerly glass walls
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gnpénudp: LEppunud

Ljwp 11. UndGpdwl Yuneniguwépwihu b dwpnwpwwybnwwl nwppbph oguw
gunlynn Uyupnd wwwmybpjwsé £ 3wjwunwbh wdtphyjwl hwdwpuwpwluh Unp 26Upp, nph nEwyh hwpwy

Ynnuunpn2wé wywytwwuw pntuwdniinubphu yhpwndwéd £ unnigwépwjhu unybpned:
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e Daylight-optimized interior design - often
overlooked parts of daylighting - include
furniture design, spatial planning, and
room surface finishes and colors. All of
these have an impact on the distribution
of light within a space (Figure 12).

e Owwhdwiwgywé gtpGYwjhu (nyuh puwntp-
hGpwjhu Uwpwagénd® pUwlwl nLuwyn-
npnLjwl bwhiwgédwlu Jh npnwyh dwu hw-
dwhu wphwdwphynud E: Ypwup Ywhnyph,
nwnpwoédniejwl W JwyGptuh wyiwuwynpdw-
up, wyn ryYnd® Swnhyutbph nL gnyutph puwn-
nnLpjwl, hwngbpu Gu: Ypwlp pninpp npn2w-
Uh wanbgnieintu G pnnund ubUjwyh nng
tnwpwoépnud [nyup pw2hudwl ypw (LY. 12):

While some architects may have a deep
sense of light and how it enters and moves in
space, employing many of the solutions
above complicates analysis considerably. To
fully understand the impact of all decisions,
designers often have to rely on simulation
software."’ To move away from theory and
begin designing with daylighting effectively,
the student would be well advised to take
design studio courses and undertake individ-
ual studies on the subject."

Cool Roofs'

Roofs can be a great source of heat loss
from the interior of buildings, especially dur-
ing cold seasons when you need to maintain
heat levels inside a building. That is why the
insulation requirements of roofs are generally
higher than those of walls (is discussed in
greater detail in Module 5).

Roofs can do the opposite in hot seasons.
When there is abundant sunlight, roofs can
become a source of heat gain in buildings.

Swwn dwpunwnpwwbnubpn Yupnn U pwydwywu
hunp ghwintGhputp ntuGuw] puwywu nyuh nGwh
26Uph UGpu pwihwlgdwl b nwpwoédwlu ytpw-
pEpjwy, uwywjb Jtpp pwpywéd quuwquu uh-
gngutph Yhpwnnidp swihwqwlug ndywptgunid
E JGpnéniegjwl huwpwynpnipinilutpp: Cu-
nntujwd (nuéndubph  wagnbgnieinitup wdpnn-
onipjwUp pulwibint hwdwp Uwhiwagdnnubpp
hwowh nhunud GU hwdwlwpgswjhu Spwapk-
nh" W dnnbjwynpdwl ogqunipjwlp: 2ntin k-
uwlwl npnupUtphg hGnwuwnt W puwywl |nL-
uwynpnipjwlu (wywagnyu nuénwdutph Yhpwn-
Jwu gnpdlwywu ghwnbhpubp unwuwint Uww-
tnwyny nwuwunnutphu  punphnipn £ wnpygnud
Jwulwygtb] dwpunwpwwbnwywl wpybunw-
ungutpnud Ywquwybpwynn nwupupwgutphu’
wldwdp Jwulwygniejnttu gnigwpbntiny ynuy-
nt:Ln12 LUwhiwgétph Jowydwl whuwwnwuplb-
nhu™

3ny nnwlhpubp®
Swuhpltpp Ywpnn GU qquih gGpdwjhu Yn-

nnunutph wnpnip hwunhuwuw], hwwnywwbu
nwnpyw gnipn dwdwlwwhwwnydwénid, Gpp,

" Christoph Reinhart and Jan Wienold, “The daylighting dashboard - A simulation-based design analysis for daylit spaces”, Building and
Environment 46 (2), 2011, pp.386-396, http://www.sciencedirect.com/science/article/pii/S0360132310002441

12 “Daylighting”, accessed May 2013, http://ocw.mit.edu/courses/architecture/4-430-daylighting-spring-2012/index.htm

3 This section relies substantially on U.S. Department of Energy, Guidelines for Selecting Cool Roofs, Washington, D.C., 2010,
http://apps1.eere.energy.gov/buildings/publications/pdfs/corporate/coolroofguide.pdf. At times the text is directly copied.

Uju pwdlh Ujnipp JeSwwtu hhduynid £ hGnljw|] hpwwwpwydwu Jpw. U.S. Department of Energy, “Guidelines for Selecting Cool
Roofs” (July 2010): Npn2 hwinywdlbp ubgpbpgwd GU wdpnneniejwup:
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On hot summer days, the surface tempera-
ture of a black asphalt roof (commonly used
in many parts of the world) can reach up to
70°C. The high temperatures on roofs can
reduce the comfort of spaces inside buildings
that are not air-conditioned. They can signifi-
cantly increase energy costs for air condi-
tioning. They may also reduce the service life
of roofing material.

One inexpensive solution is to install cool
roofs. Similar to how light-colored clothing
keeps a person cool on a sunny day, cool
roofs use solar-reflective surfaces to main-
tain lower roof temperatures. Traditional dark
roofs can reach temperatures of 70°C or
more in the summer sun. A cool roof, under
the same conditions, could keep to a tem-
perature of 28°C or so (Figure 13).

punhwywnwyp, Ywgwpwluh UGpunwd stpunt-
pintUp wwhwwubint wuhpwdbwnnipntl Yuw:
Uhw G husnt wnnwlhph JGyniuwgnudp wytih
ywplnp nbGp £ puwnnud, pwl wywwbnphup (Jwl-
pwdwul® nk'u Unnnt| 5):

Swpw wnwp 2npwunwd tnwlphpubpp Yupnn Gu
Jwwwnpt 6hon hwywnwyp: Unwwn wplwhw-
nnirjwl dwdwlwy wnwlhputpp Ywnnn Gu nb-
wh wnwpwép stpunipjwl Ubphnuph wnpjnLp
nwnUw(: Wdwnwjhu 2ng optphu wudwnw-
www/phnnidwwywwn  (ogunnwagnpdynd £ wip-
huwphh 2w Gpypubpnud) twuphph Jwytplng-
rh gGpdwuwnhdwup Ywpnn E hwulb Jhugl
70°C-h: Swuhph pwpén gEpdwumnhdwup Ywpnn
E UJwqbgut, wmwpwéph UGpuh hwpdwpwyt-
nnipjwl Jwlwpnwyp, et wju ywhwynpywéd
s£ onnpwydwl uwpptpny: Pwnpép sEpdwuwnp-
dwup Ywpnn £ bwl LpwbwlwihnpBu pwpépwg-
utL onnpwydwl Ypw Eubpghwjh dwhuup W yp-
dwwnb] wnwuhph Séwéyh UnLeh SwnwjniEjwl
dwdybwnp: IwdEdwwnwpwn ng pwly (nuénduk-
nhg UtGyp Ywpnn £ hut hny nwuhph nwppt-
pwyp: buswbu np pwg gnyuh hwgniunp wwh-
wwunwd £ Jwpnnt pwpdnipintup wplnwn opjw

pUupwgpnid, wjuwbtu £ hny mwlphpl ogunwagnpénid £ wpliwjhb dwnwqw)prUENU wunpwnwpdunn
dwybplnyputn® mwuhph gtpdwunhdwup gwdp wwhbint hwdwnp: Udwunwywu Jdnig gnijup
nwluhpubpu wdwnwjht dwnwqwjpdwl nwy Yupnn U mwpwlw] Uhusl 70°C L wydbh pwpén,
hny tnwUuhputpp Unyu wwjdwuubpnd nwpwuncd EU UhUgl 2nipe 28°C (LY. 13):

Figure 13. Thermographic view of roof being transformed into a cool roof. Note that the top left corner that is
not yet fully converted is substantially hotter (left: roof coating in progress, right: infrared view)

gEpdwuwmhdwlwjhu
uwlunnuy (°C)

._ o ""‘:--______ !

Ljwp 13. Swuhph gepdwqgpwdphy ywuwnybpp, npp yepwélwhnpuybl £ hny mwuhph: Nwunpnipeynit yepleh
4w wuyniup’ mwlpph wyn hwnydwép nkelu wdpnngnipjudp sh YEpwihnpuybp W qquihnptu wybih

nwp E (dwhund® mwbpph swéydwl pupwgpp, wenid® nwlupph huppwlwpdhp ywwnybpp):

Solar reflectance and thermal emittance are
the two key material surface properties that
determine a roof’s temperature. They each
range on a scale from 0 to 1. The larger
these two values, the cooler the roof will re-
main in the sun.

Solar reflectance, also often referred to as
the “albedo”, is the fraction of sunlight that a
surface reflects. Sunlight that is not reflected

Swuhph éwdéyh UynLeh Gpynt ywpunpwagniu $h-
ghywywl punipwanptphg U Uplh dwnwagw)fe-
utph wunpwnwpédwu W ubthwlywl etpdwjhu
dwnwquw)jrUywl hwwnynie)ntultbpp, nnnup W npn-
onwd GU 2GUph lnwluhph sEpdwuwnhdwup: Wn $h-
ghywywl hwwynipjntuubpp quwhwwmynd Gu
wwjdwlwlwl uwunnwyny' 0-hg Uhusl 1 gnigw-
uhpubnpny: NppwUu wyth pwpép GU wju Gpynt
punLpwaqptph wpdtpubpp, wjupwu wyth hny
YUuw wplwhwnpynn tnwuhpp:
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is absorbed as heat. Solar reflectance is
measured on a scale of 0 to 1. For example,
a surface that reflects 55% of sunlight has a
solar reflectance of 0.55. Most dark roof ma-
terials reflect 5-20% of incoming sunlight,
while light-colored roof materials typically
reflect 55-90%. Solar reflectance has the
biggest effect on keeping your roof cool in
the sun. For typical reflectance values for
different surface materials, see Figure 14.
The solar reflectance of roofing products are
not typically based on initial values, but ra-
ther on 3-year aged values. This is because
the reflectance of a surface changes over
time, with most rapid change happening in
the first 3 years of its use.

Figure 14. Solar reflectance values of various sur-
face materials

Highly Reflective =
Roof 0.7a White Paimu  Tar & Gravel

Colored Paint  050-0090  Roof0.03-0.18

Cor ed  DIS-0.35
Rnﬁ‘"{rﬂ— 0.15

pwnén wunpwnwpantuwy 0.60-0.70

wynuwynp 0.10-0.15 uwhwnwy utny 0.50-0.90
antuwynn Ukpy 0.15-0.35 ajnip W Ynwhé 0.03-0.18
ywpuhp/2wlywuwywagniu yndhunn 0.10-0.35
Ljwp 14. VwybGpbulutpp wwwnn mwppbp Uynte-
ptph wplwjhu wunpwnwpbddwl dkdnLpjnLULE-
np

Thermal (infrared) emittance describes how
efficiently a surface cools itself by emitting
thermal radiation. Thermal emittance is
measured on a scale of 0 to 1, where a value
of 1 indicates a perfectly efficient emitter.
Nearly all non-metallic surfaces have high
thermal emittance, usually between 0.80 and
0.95 that helps them cool down. Bare, shiny
metal surfaces, like aluminum foil, have low
thermal emittance, which helps them stay
warm. A bare metal surface that reflects as
much sunlight as a white surface will stay
warmer in the sun because it emits less
thermal radiation.

The solar reflectance index (SRI) is another
metric for comparing the “coolness” of roof

Uplh dwnwgqwjpUEph wunpwnwpddwl hwwn-
ynrpiniup, npp hwawh wujwuynid £ wipknn,
hpGuhg UGpYwjwgunid £ pujwéd dwnwagw)UwWU
wunpwnwndwsé Jwup: Upuh dwnwgwjpdwl
swunpwnwnpdwéd Jwup Ywudnd E wnwlhph
ynnuhg stpunipjwl  aduny: bUswybu wpntl
Upytg, wunpwnwpanwdp guwhwwnynid £ 0-hg
Jhugle 1 wwjdwlwywlu vwlunnwyny: Ophuwy’
Grbt hug-np Uh Jwybplnype wunpwnwpdunid E
puywé dwnwawjrdwlu 55%-p, wwyw wjn Jw-
yGplniph wunpwnwpanwp hwywuwn £ 0.55:
UnLg gnyuh wnwUhpwjhu SwoéynypuUbpU wun-
pwnwpaunwd U Upuh dwnwquwjpdwl punwut-
up 5-hg 20%-p, wjl nGwpnwd, Gpp pwg gniup
SwoéynyrUEGNU wunpwnwnpaunwd U 55-hg Uhugl
90%: UpGqwyh dwnwqwjpdwl wlunpwnwn-
4ntdu nluh - wdGUwywpwnp  LpwlwynipjnLup
2tuph wpbwhwnpynn wnwuhpp hnd ywhwwub-
LNt hwpgntd: Swpptp nwpwéywéd Ujnebph wu-
npwnwnéddwl hwwnyniejntuubph Jwuhu Ywpbih
E qunwthwp Ywqdt uy. 14-nud ppdwé inknk-
ywuwyniejntuhg: SwUhph Swéynyrh hwdwp
ogwnnwgagnpéynn  Unebph  wunpwnwpadwl
hwwynipjntuutGpp dwdwlwyh  pupwgpnid
thnfuynwd GU: Cun npnud® wdBUhg wpwg wjn
thnthnpuniejniup innbnh £ nwuGunwd Jwhwanné-
JwU wnwohU Gpbp tnwphubph pupwgpnid: Wn
Juwwwygnipjwdp unynpwpwn dwéyniph Ujnt-
rGnh wunpwnwnaédwu hwuwnynipenlultbpp
npynd U ng et uygpUwywlu yhdwyh, wyl
Gnwdjw 2whwagnpénudhg hGunn dwwynpynn yh-
dwyh hwdwnp:

Qtpdwjhu  (hudpwywndhp) dwnwagw)endp
Uywpwannd £, G huswyhuh hunmGuuhynipjwdp
E hnJwuntd Jwybplnypep uGthwlywl stpdwjhu
dwnwquw)jrUywl wpnynitupnid: 26pJwjhl dwnw-
gwjpenudp Unuwbu quwhwwnynid £ 0-hg Uhugl
1 wwjdwlwywl uwunnwyny, npnwd 1 hunbpup
Uond £ Juwuwnwpjw wpnnibwyGunnipjwdp dw-
nwaw]rhsp: Apbret pninp ng JGinwnwywu Jw-
ytGplnypUtnp, ntutl stEpdwjhbu dwnwagw)rJywU
pwnép hwwnynipntt’ unynpwpwn 0.80-0.95
ywnpgh, npp bwwuwnnwd £ npwug hnjugdwup:
Quwjntl JGlnwnwywu Jtpy (ng dh wyp Unieny
swwindwoé) dwybplnyprutnp, huswbu, ophuwy’
wynidphut thwjwrhretnp, ntubu gwén stpdwjhu
dwnwaquw)renid, nph 2unphhy Junwd GU wnwp:
Utny Jdonwnwywlu wplwhwpynn dwytGplne-
ren, NnnU wunpwnwpaunwd £ wpliwjhl Swnwagw)-
pnUU huswbu uyhwnwly Jdwytplnypep, Junwd E
tnwp, pwuh np ubthwywu sEpdwjhlu dwnwaw)-
renwdp gwon k:

Uplwjht dwnwqwjpdwl wunpwnwnédwlu hu-
nGpup (UUh) Ujntu gnigwlhplu E tnwuhph «pwp-
Jnipyntupy» (hnwgdwl wuwnmhdwup) guwhwunb-
Lt hwdwn: Wu hw2dwnpyyned £ hhdp punniubind
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surfaces. It is calculated from solar reflect-
ance and thermal emittance values. The
higher the SRI, the cooler the roof will be in
the sun. For example, a clean black roof
could have an SRI of 0, while a clean white
roof could have an SRI of 100. Dark roofs
usually have an SRl less than 20.

A roof can qualify as cool in one of two ways.
The first way is by meeting or exceeding
both the minimum solar reflectance and
thermal emittance values. The alternative
way is to meet or exceed the minimum SRI
requirement. This allows some roofs that
have low thermal emittance and high solar
reflectance (or vice versa) to still qualify as a
cool roof. The threshold levels (i.e. the mini-
mums and the maximums) are set by law or
standards adopted by a regulatory agency.
Figure 15 below shows the standards adopt-
ed by the California Energy Commission.

wnliwjhb dwnwquw)jpdwl wunpwnwnddwl W ub-
thwywl hubpwywpdhp dwnwgwjrdwlu utédnL-
rinLULEND: NppwU pwpép £ UUP-h wpdtpn, wju-
pwl wpbwhwpynn nmwuhpp (wy yhnjwlw: Onh-
Lwy' pwgwpéwly ull nwuhph UUP-hU hwywuwn
E 0-h, wju nGwpnid, Gpp pwgwpdwy uwyhwnwy
wnwuphph UWUh=100: UnLg wnnwuhpubph wplwjhu
wunpwnwnddwu huntpup 20-hg gwén E:

Swuhpp Ywpnn £ hwdwpydtb hny* hhdp punniuk-
Lny Gpynt uyqgpniup: Unwehuh nEwpntd wuhpw-
dbon E, np wplwjht dwnwagwjrdwl wlnnw-
nwnpanudu n. lnmwuhph ubthwywl dwnwagqw)p-
JwUu hwuwynipyniup hwulblU W qgbpwqulgbl
npn2wyh Ujwquagnyu wnpdtpubpp: Ujnwu® wj-
[pUuinpwlpwjhU uygpniuph nGwpnid, wwhwle-
Jnud £, np UUP hwulph Ywd gEpwquwugh huntp-
uh npn2wyh Ujwquwaniu wnpdbpp: Wu Gpypnpn
JGennp hUwpwynpnieintt £ tnwihu nnn2 nw-
upputph, npnup nlUELU gwédp uGthwywl gEpdw-
Jhu dwnwquwjenid, pwjg pwpdp wunpwnwpa-
JwUu hwwnynieintl (ywd hwwnwyp), wjunLw-
JGuwjuhd, npwywdynnpytlr npwbu hny: LYwqw-
gnuu Ywd wnwybiwaniu 26dwjhu wpdGpubpp
uwhdwuydnd Gu optupny Ywd Ywpgwynnnn

dwpduh unpdwunhy hwunwpenrbpny: Unnpl pGpynn Uy. 15-nd uGpywjwgywéd Gu Ywihdnnp-
Upwjh EUGNngGwnhY hwudUwdnnndh ynnuhg uwhdwuywé Unputpp:

Figure 15. Minimum cool roof requirements set by the California Energy Commission (2008)

Solar Reflectance
Roof Type [3-year aged]
[ [
wnwyhph wplwjhu wunpwnwpént-
wnbuwly LUwynreyntl
[3 mwpyw hunipjw]
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®npn rbpnLejnLlu 0.55
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UEéS pbpnipinlu 0.20
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obpdwjhlu Swnwaqwjpnt-
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[ ] [}

wplwjhu wunpwnwpént-

LUwynrpeynitlu Uwynipjwl gnpéwlyhg
[unp udJ huwgnn] [3 mwpyw hunipjul]
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Ljwnp 15. 3ny mwlhputphu Utpywjywgynn bWwquwagniu wywhwugubpu pun Ywihdnpuhwih EuGpgGEwnhlywyh

hwuduwdnnnyh (20084.)

To help consumers compare the cool as-
pects of roof materials and coatings, the
Cool Roof Rating Council (CRRC) manages
a system for independently evaluating and
documenting their properties. Roof products
that are tested by CRRC methods receive a
performance label (Figure 16) showing the
measured solar reflectance and thermal
emittance values.™

SwuhpwjhU Uniebph W dwéynypUEph stndw-
Jhu hwuwnynipniuutph hwdtdwndwl hwpgned
uwwnnnutphu oqubint UwWwwmwyny «hny» nw-
Uhputph npwywynpdwl punphnipnp  (CRRC)
ywnwdwnpnd £ nmwuphputph hwwnynieyntuubph
wllywh quwhwwnndU nL thwuwnwenprwynpnL-
Jdp: CRRC-h JGennutpny thnpéwnpyjwé nwuh-
pwjhU Unietpp unwunwd GU wpnnibwyGunne-
rjwlU whwnwy Y. 16), npnud upynud GU wpliw-
Jhu Swnwquw)jrdwl wunpwnwpddwl W nwlh-
pwjhU Ujnteh ubthwlwl dwnwgwjpJwU hwwn-
Uniejwl swthwanpywé wpdbpubpp™:

" NOTE: Any roofing product that is tested by a CRRC accredited laboratory can be listed in the CRRC directory. Being listed does not

imply that a product is cool.

LCNIU. «3ny» tnnwuhpubph npwywynpdwl funphnipnh Ynnuhg hwywunwpdwagpywé jwpnpwwnnphwih Ynnuhg thnpdwnpyywéd gwl-
Juwgwé wpunwnpwup Ywpnn E punapydtl unphpnh gnigwyutnnid: Cungpyqwé hubip sh Gupwnnnid wpunwnpwlph «hny» |hubp:
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Figure 16. Sample of product labeling by CRRC.
Products are rated both for their properties initial-
ly and after they are weathered

e Initial Weathered
/ \’T Solar Reflectance 0.87 0.77
Thermal Emittance 0.87 0.86

COOL ROOF
RATING COUNCIL ®

Rated Product 1D Number 0614-0036
Licensed Seller ID Number 0614

Classification Production Line

Cool Rool Rating C

ings are determined for a fixed set of conditions, and may not be appropriate
gy performance. The actual effect of solar reflectance and thermal emittance
vary,

Ljwnp 16. 3ny mwuhputph npwlwynpdwl funp-
hpnh Ynnuhg uwhdwbuyjwéd wpunwnpwuph wh-
nwlwynpdwl ophuwly: Upnunnwnpwupp npwyw-
ynpywé E uygpwywl b hnnUuwhwpjwéd yh-
dwlubtph npnipjwdp:

Figure 17. Cool roofs do not all have to be white.
While white has the highest reflectance, other
hues are also available

R=0.41 R=0.44 R=0.48 || R=0.46 R:U.41_'

black blie ey 78 terracotta |\ green \ chocolate 1%

R=0.04 R=0.1s [NRSOBUM R=0:33 |R=0.17 | R=0.12]

Ljwp 17. Ng pninp hnd  wmwUphpubpu  Gu
uyhwnwy: Uyhunwly nmwuhpubplu niutb wdbuw-
pwpép wunpwnwpéndp, uwluwju wyp gnubph
nGwpnud Unyuwbu YJuwpblh E hwulb]p pwpép
wunpwnwpéddwl

As roof material surface properties can
change over time due to soiling and wea-
thering, values are measured and reported
for both initial and three-year weathered
conditions. The label in Figure 16 shows this
product’s solar reflectance has dropped from
0.87 to 0.77 after three years. Most weather-
ing or soiling occurs during the first year or
two, and then values tend to stabilize.

Not all cool roofs are white. Although white
materials tend to be very good solar reflect-
ors, colored roofing materials, like those
shown in Figure 17, can also be made to ref-
lect more sunlight. More than half of the sun-
light reaching the earth is invisible to the hu-
man eye, and this invisible sunlight heats the
roof. A colored surface that reflects much of
this invisible sunlight is called a coo/ dark
color, or cool color. A cool dark color reflects
more sunlight than a similar-looking conven-
tional dark color, but less than a light-colored
surface. For example, a conventional dark
colored surface might reflect 20% of incom-
ing sunlight, a cool dark colored surface,
40%; a light-colored surface, 80%.

Pwuh np wnunundwl wwwndwnny Ywd JplUn-
(hpunwjhu wgnbgnipejwl hGinbwupny nnwuhpw-
|hU UjnLetnph hwwnynieynluutbpp dwdwuwyh pu-
rrwgpntd Jwpnn GU thnthntuyb), wjn wpdtputpp
wnnynwd GU RE Ujnpbph uyqplwywl yhdwyh
hwdwn, pE Gnwdjw 2whwagnpénudhg hGunn: LY.
16-h whwnwynitd gnyg £ wipyned, np gy wp-
LwjhUu wunpwnwpanwdp Gptp nmwpyw pupwg-
pnud Ujwqb] £ 0.87-hg Jhugl 0.77: Ununnundwl
ywd dJdpuninpnwjhtu  wanbgnipintuutph  hGwn-
Lwuputpu wnwUdlwwbu UJwwnbh BU wnwehu
Gnynt mwphubph pupwgpntd, npnhg hGunnn yhdw-
Up Ywyntbwuncd E:

Ns pninp hnd nmwuhpuGplu GU uwyhwnwy: AUwjwoé
wju hwlbgqwdwuphl, np uyhunwy dwytplny-
rUGND, npwtu JwunU, wpliwhU nLup jwy wun-
pwnwnpahgubn BU, mwuhpwjhu gntuwynp Ujne-
rGnn, hugwbtu gnig £ nmpdwd Luy. 17-nud, unju-
wbu Ywpnn GU nuGUw| pwpép wlunpunwné-
Jwl hwuwnynipjntlutn: Gpypwaqunh dwytplnt)-
rhU hwuwé UpGgwyh dwnwquwjpdwl, Eutp-
ghwjh YyGuhg wybhu wluwnmBuwubh E Jdwpnno
wiph hwdwnp W hGug wjn wunmGuwlbh Jwul E
tnwpwgunid tnnwuhpp: Uplwh nyuh wunbGuwlub-
th Jwul wunpwnwnpéunn ubpyjwé Jwybplni-
rp Yngynid £ hny Unig gnijuh Ywd uwnp gnijuh
dJwytpunype: 3Iny dng gnyup JdwybGplnypl
wybh (wy £ wunpwnwpadunwd WUplh [nijup, pwu
unijuwudwlu unynpwywu dnig gnyuph Jwytnp-
untjep, uwywil wybh Jww, pwl pwg gniuh
Jwytpunypep: Ophuwy® undnpwywl Unig Jw-
yEplnypU wunpwnwnaunwd £ puyunn wpliwihu
(ntjuh 20%-p, hny Unig UbpyJwé Jwybplngyep’
40%-p, huy pwg gntuh |nLuwynp dwybplnypp'
80%-p:

Pwgh nnwuhph sGpdwuwnhdwll hetgutinig, hny
wnwuhpp etnnigdwl 2pswlnid Ywpnn £ wyb-
Lwgut gpdwjhu Yynpnunubpp, uwywju Yhdw-
jwywl gnwnphubph JG6 Jwunwd Eubpghwih
inuntbunwdp wdwnwjhu 2ppwunwd gbpwquu-
gnid t oEpdwjhb Ynpniunbbph wéhu gbEnnigdwl
2nppwunid: Pwquwehy Yihdwjwywu ghwnplub-
nnud, npnug punpn Gu é)ntlwdwély nwuhplub-
nny &dtnutp, Unig nmwlhpubph wnwytinie)nt-
up, puwywlwpwn, Ynpgned E:

JGppwwbu, hny wwUhpubpl oquwlywp GU
plwwwhwwluwywlu wnndny: Swuhputpp Yw-
nnn GU ¢Epdwjhtu Yngjwyutph unbnédwl gnp-
6nU hwunhuwlw| pwnwpwjhlt Ywnnigwuwun-
JwUu gninhubpnud: 26pdwjhu ynquyutph E$LY-
wnp Uwuwnbh £ puwwywiph juwnnigwuwwwndwl
wju gnwnhubpnid, nip pwg hnnwunwpwépubpp
gpwnbgynid Gu 2tuptpny, thnnngubpny W Gu-
rwlwnnigwépw)hU wj| tnwnpnptpny, W nph wnp-
njntupnid pwnwpwjhb wjn gninnd waéanwd £ Jh-
shu eGpdwuwnhdwup: Wuwhuny, Uwpyhunid
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While it reduces roof temperature, a cool roof
can actually increase the need for heating
during colder seasons. However, in many
climates, the cooling advantage outweighs
the loss of heat gain during winters. In many
climates in which snow sits on rooftops in the
winter, the dark roof advantage is naturally
lost.

Finally, cool roofs are beneficial for the envi-
ronment. Roofs can be a contributing factor
to the heat-island effect associated with ur-
ban areas. Heat-island effect refers to the
observed fact that, as urban areas develop,

funbwy W pwithwugtihnipjwdp odnywéd Jwytn-
unypUEpp Jybnp GU woéynud gnp W wupwthwlg
JwytGplnyrutbph: UGY Jhihnu jwd wyb) puwy-
snpjwdp pwnwpnd onh UhghU tnwnpbGywu etp-
dJwuwnhswlp Ywpnn £ 1-3°C-ny gbpwqulgt)
wpywnpdéwlubph onh gtpdwuwmhéwup: Gpkyn-
jwu YynnutGphu wjn wnwppbpnieintup ywpnn £
hwult| upugl 12°C:

buildings, roads, and other forms of infrastructure that replace open land and vegetation increase
the average temperature of that urban area. Surfaces that were once permeable and moist become
impermeable and dry. The annual mean air temperature of a city with 1 million people or more can
be 1-3°C warmer than its surroundings. In the evening, the difference can be as high as 12°C.

Figure 18. White paint being applied to metal roof, converting it into a cool roof.

4

r y /
.»*" A

Cool roofs can help to reduce the heat-island
effect and contribute to environmental bene-
fits. Cool roofs can reduce local air tempera-
tures, which improves air quality and slows
smog formation. They can reduce peak elec-
tric power demand, which can help to pre-
vent power outages as well as reduce power
plant emissions, including the reduction of
GHGs (e.g. CO, and nitrous oxides) and
harmful emissions (e.g. sulfur dioxide).

Ljwp 18. Uyhwwy gniyuny Ubpynidp denmwnwlywl swéynyyep y&p E wénid hn wmwuhph

3ny wnnwlhplubpp Yunpnn GU bwwuwnbp sEpdwjhu
ynqjwyutph EdLYnh bjuwgbgdwup b plwwwh-
Wwlwywl wnwytniejntlutnh pungsdwunp: Ujn
wnwuhputbpp wpnn Gu hebgutp nmGnwywl onh
sGpdwuwnhéwlun, npp Yuwwuwnh onh npwyh
pwpépwgdwup b yhetguh udngh wnwewgdwl
Juwwugp: 3Iny wnnwlhputpp Ywpnn Gu Ypdwunbg
qugwplwjht (Whywihl) EGYnpwEuGnpghwih
wwhwugp, Uh hwugwdwup, npp Yuwwuwnh Eutn-
qwhwdwywpgh ypwnpubph Ywlpiwpgbiywup,
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Green Roofs

Green roofs, roofs that are covered by a lay-
er of dirt and vegetation, offer many benefits,
including filtering of rainwater and air from
pollutants, stormwater runoff reduction, re-
duction of noise pollution, enhancement of
biodiversity, and habitat creation for urban
wildlife. In addition, green roofs also affect
the energy use of a building by both reducing
heat gain or loss. They are very effective in-
sulators. In the summer months, green roofs
reduce air-cooling loads. In the winter
months, they have also been shown to re-
duce heat loss."

Rigorous studies are not available to com-
pare the energy efficiency of green roofs to
cool roofs. The accepted wisdom is that cool
roofs provide similar energy savings to green
roofs, at least in the summer months.

In the winter months, it is probable that
green roofs perform better, as dirt has high
insulating properties. In the summer months,
they both can contribute to the reduction of
the heat-island effect in urban areas. Cool
roofs are less expensive than green roofs.
However, they do not provide the stormwater
management, enhanced biodiversity, or fil-
tration benefits associated with green roofs.
Cool roofs may be combined with green
roofs for optimum use.®

There are different categorizations of green
roofs. Typically, categorizations are based
on the depth of the planter, the types and
intensity of vegetation, and (sometimes) em-
phasis on biodiversity. The International
Green Roof Association categorizes green
roofs into three types: extensive, semi-
intensive, and intensive. Figure 19 shows
some images and presents characteristics of
each type of green roof.

huswbu Lwl EGYpwywjwuutph  wpunwub-
innwdubph ypdwwndwup, hugwyhuhp Gu 294 (wo-
huwéuh Gpyopuhnp W wgnwh opuhnp) b yuwuw-
ywnp Uyntetph wpnwuGwnnwdutpp (66dph Gpyop-
uhn):

Ywlwg tnnwbhpubn

Ywlws wwlppubpp hnnwéwdly L pnuwyw-
Untpjwdp wwwnywd nwlhputn GU, npnup odwn-
Jwé GUu pwqdwprhy wnwybnieniuutpny.
gunud GU wubdplwentpp, hEnEnwuwnwjhu ontGpp
U onp yuwuwywn ujniptphg, hetgunid Gu wn-
Unctyh dwwpnwyp, punwjubing b pwpbluyt-
(ny pwnwpwjht puwysh dhpwywjnph Yeuuw-
pwagUwquwunipntup b YELuwwwjdwuutpp:
Uwlw;s wmwUhputpu wannd BUu Uwl 2EUph
EuGpgwuwwndwU Jpw' ywhwwubiny gtnpunt-
rintlp b Ujwqbgutiny gGpdwjhu Ynpniuwnubpp:
Mwup Lwl wprynibwybwn oEpdwdtyniuhgutp
GU: UWdwnwjhU wJhulbphu Ujwqgbgunid GU onh
hnquwgJdwlu Eubpqwéwhuutpp, huy autGnwjihu
wuhulbphU® stpdwihu Ynpniunbpp™:

Ywlws nwuhputph W hnd tnwuhpubnph EuGpgb-
nhy wpnnibwybunnipjwl Jwupwdwul hwdt-
Jwuwnieintup huwpwynp ¢£ hwdwwwwnwupuwl
hGunwgnwnnie)ntUUGph pwgwyw)nLpjwl wwwn-
dwnny: Yunthwuntpéa, punnibjwéd £ hwdwpby,
nn Jwlws wnmwuhputpu ntuBl unyu EuGpgGunhy
wnwybnipintuutbnnp, hug hnd mwuhputpp, wnu-
Jwql gnut wdwnwjhu wJdhulubnphu:

Qutnwihu  wdhuutpphu  Jwlwg wwlhpubpu
hptug (wy Ynpulnptu, pwuph np hnnp ntup UG-
ynruhg (wy hwwnynieyntuutp: Udwnwjhu wdhu-
UGphu nwuhputpp YuwwunBU pwnwpwjhl Yuw-
nniguwwwwndwl Jhowywjnnd 9Epdwihu yng-
jwyutph EdGYnp ujwqbgdwlup: 3Iny wnwuhp-
uGpu wyth Edwu BU, pwl Jwlwg wnnwuhpubpp:
Uwyuwju hny tnwuhpubpp s6U wwwhnynid hbnk-
nwwwjhu 9onptph hnuph Ywpgwynpnidp, ¢GU
Uwwuwnnwd  YEUuwpwgdwquwuniejwl  wwh-
wwudwlp, sntuBU 9nh W onh qundwu ognLwnnub-
np, npnup puntpwgpwywl GU Ywlws tnwuhput-
nh hwdwp: Ywlws W hny nmwuhputph hwdwn-
nnudp wpnn £ owywnhdwy |peénidutph winpinip
nwnuuw|':

15 “Green Roofs In Winter: Hot Design For A Cold Climate”, accessed June 2013,

http://www.sciencedaily.com/releases/2005/11/051126141309.htm
'8 «“Green Roofs & Stormwater Management”, accessed May 2013,

http://www.mass.gov/eea/agencies/massdep/water/wastewater/green-roofs-and-stormwater-management.html
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Figure 19. Green roofs are generally categorized into 3 types: extensive, semi-intensive, and intensive
Extensive green roof Semi-intensive green roof

n roof

[ e

Intensive gree

EpuntUuhy Ywlwg nwuhp Yhuw-hUuwnEBuuhy tnwlhp huintuuhy Ywlwg tnwlpp

L{jwp 19. Ywlwg nmwuhpubpp unynpwpwp nwuwlwpgynd U Gpkp wmkuwyh® Epuntluupy, Yhuw-hunbu-
uhy U hunntuuhy

Low

Periodically High

M No Periodically Regularly

Plant communities Moss-sedum-herbs and Grass-herbs and shrubs Lawn or perennials, shrubs and
grasses trees

Sy§tem build-up 60-200 mm 120-250 mm 150-400 mm;

height on underground garages > 1m

(weight | 60-150 kg/m? 120-200 kg/m? 180-500 kg/m*

_ Ecological protection layer  Designed green roof Park-like garden

Source: “Green Roof Types”, accessed May 2013, International Green Roof Association, www.igra-world.com/types_of_green_roofs/;
photos from various sources.

o i

Muwhwwlntdp guon wwnpbGpwywu pwpén
pwgwluwynud wuwpptpwywl Ywlnuwynnp

fuhwin punwnwdwsy, pwqUwujw funnwéwbl,
W Sl pUNLALED pUNLLE, Swnkp
Ustgdwl i i 150-400 JU, unnpgbunljw

npnLp)nLl 60-200 ud 120-250 Uu wynnywjwlw-ntntnh dpw > 14
E so-1s0ugn? 120-200 Yg/U? 180-500 Y /u?
Undbpn | quitn Uhghl pwinén
Eyninghwywu Lwhiwgéywéd

Ogunwgnpénidp wunywlhs 26pn Ywlws nwlhp wjgh, ynipwy

Unpjnip® “Green Roof Types” Ujniep, 2013R. Uwjhuh npnipjwdp, International Green Roof Association (www.igra-
world.com/types_of green_roofs/); ujwnutpp® tnwpptp wnpjniputphg:

There are a few academic centers in the Qnjniejntl nllEL Jwlwg wnwUhpubph nwuw-
world that conduct research on green roofs. wpgdwl wnwppbp JGennutp: Npwbu jwunu®
Two are the Michigan State University nwuwywngdwl ulygpniupnid npynud £ wnnwuh-
(www.hrt.msu.edu/greenroof/) and the British pwjhu gwupuh punpniejwl swithwuh2p, huswbu

Columbia Institute of Technology (com- LUwl pnuwywuntpjwl wnGuwyp L wadwu wnpw-
mons.bcit.ca /greenroof/). However, as mar- gnLp|ntup’ GppGuu 262inp nutGiny YELuwpwqdw-
kets in green roofs develop, most experience qwunrpjwl Ypw: Ywlws nwlhputph Jhewq-

and expertise is building through the private gwjhu puyGpwygnientup Ywlws wmwluhplbpp
companies that are building green roofs and nwuwywpgnid £ hGnlw| Gptp wmbGuwyh' tpu-
applying the lessons learned within that pro- intuuhy, Yhuw-hunnGuuhy W hunGuuhy: “Ywlwg
cess. In addition to the International Green wnwuphpubph nwuwlwpgudwl wjn wnGuwyutnh
Roof  Association  (www.igra-world.com), wuwuwnybnubpp UEpyuwywgywsd Bu LY. 19-nLU:
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students can also refer to Livingroofs.org and
the European Federation of Green Roof As-
sociations (www.efb-greenroof.eu/).

As a final note on green roofs, it should be
noted that, like many good architectural ide-
as, it is not a new innovation. Be it the Hang-
ing Gardens of Babylon (circa 5 century
BC), Viking and medieval Scandinavian rural
homes,"” or villages in Anatolia, roofs with
plants have been employed. In fact, even
today in the Caucasus, you can find struc-
tures in which the principles of green roofs
have been employed. Figure 20 shows a few
of these structures.

Whwnphnd ywu Jh pwuh ghinwywu yGunpnu-
utn, npnup Ywuwg wmwuhputph puwqwywnnid
hpwywlwgunid BU hGwnwgnnwlywl  whuw-
nwlplbn: Ywughg Gpynwut U Uhghgwl Lw-
hwugh hwdwuwpwlup UUL-nwd
(www.hrt.msu.edu/greenroof/) L Pphunwluwywu
Uninudphwih  wnBhuuninghwywu  hUbunhwnnwnp
(commons.bcit.ca/ greenroof/): Uwlwju Ywlwy
tnwlhputiph 2ntjwjh qupgqwgdwup qnigplpwg
dJwulwynnp puyGpnipyniuubpp J66 thnpé L hd-
inntpjntl GU ynenwynd wyn puwqwydwnnid W
hpwywuwgunwd GuU phUuswbu wnwuhputph 2hlw-
pwnnieiniup, wjuwybu £ wudbwlwquh niunt-
gwuntdp: b [pndu Ywlwg tnmwuhpubph Jhowq-
gwjhu puyGpwygnipjwup (www.igra-world.com),
ncuwunnubpp Ywpnn Bu Lwl nhdGp Living-
roofs.org L Ywlwg wwUhpubph wunghw-
ghwutnh Gypnwwywu nwolnipjwlp (www.efb-
greenroof.eu/):

Uwlwg nwuhpubnh yepwptpjwi dh y&pghtu nhinnnnipjwl Jupgny Uztup, np hugwtu pwqdwehy
hwonn dwpunwnpwwbunwlywl dnwhnugnudubnp, wjuwbu £ uw J66 Unpnie)nil gk 3hoGUp Pwpt-
(nUjwl Ywhunyh wjghubpp (Unwin 5-pn nwp J.p.w.), ©“hyhugubph W Uywunhuwyubph dhobuwnuwp-
jwl gjntnwywl nutpp®, Wuwwnnihwih gjninuywl hwdwjugutpp, nip gnjnigintt nltuGhu pniuw-
ywunipjudp swéyywd inwlhpubn: Lnyuhuy JGp opGpnid Unywunwd Junpbh £ hwunhwbp Yw-
Uwys nwlhpny Ywnnygubph: LY. 20-nwd gnijg GU inpywé wynwhuh Yuwnnygutphg Gpyniup:

" Kelly Coplin, “Green Roof Roots: Stumbling Upon Environmental History in Lake Tahoe”, NDRC Switchboard, August 24, 2012,
http://switchboard.nrdc.org/blogs/kcoplin/green_roof_roots_stumbling_upo.html
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Figure 20. The photo on top is a structure with a traditional green roof near the Village of Aghtsk in Ashtarak,
Armenia. The photo below shows “glkhatouns” in the Armenian village of Alastan, Georgia.

Source: Alastan images by Regis Labourdette

Unpynipp® Ywunwl hwdwjuph ywwnybpu puin NEdhu LwpnipntGunh Uywputph
Ljwnp 20. dGpup ppruwuuwpnd ywnybpjwé E wjwunwlwb jubwg mwuhph Juenigwépp Uonmwpwyh
Ungp qjninh dEpdwluwjpnid (Rwjwuwmwl), unnpphu pneuwbupnud® Ypwunwbp Upwuwnwl hwjijulwl gjne-

nh «giuwwmubtipp»:
Natural Ventilation

Buildings need ventilation, i.e. inflows of
fresh air and the removal of stale air. Stale-
ness can be due to a build up of humidity,
perspiration, cooking, smoking, industrial
processes, pets, or even breathing. Over
time, the CO, concentration in an enclosed
space will increase and the oxygen concen-
trations will decrease.

Building codes typically specify ventilation
standards. In the US, for instance, most

Ruwywl onwthnfuntpjnilu

CEuptplu onwhnpuntejwl Ywphp ntuBl, nph plu-
pwgpntd 26Up £ npynwd pwpd on W hGnwgynid
wnunnunywép: Onh wnunninwoéniejniup Ywpnn
E unuwynipjwlu W ppinhuph wlpwwndwl, Y&-
pwynh ywwnpwuwndwu, Suwpunn ogunwgnnpdt-
LnL, wpnniuwpbpwywl wypngGuubph, wlwjhu
yGunwupubph wnywjniejwl, huswbu Lwl Jwp-
nnL 2Uswnniejwl hGnbwup |huG: dwdwuwyh
pupwgpnid woéluwperent quagh (CO2) wwnnilw-
yniejntll onnud  Ywpnn £ wdb, Jhugnbn
prywsUhup” Udwqb:
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building codes rely on ventilation standards
set by ASHRAE Standard 62.1 (indoor air
quality for all buildings) and 62.2 (indoor air
quality for low-rise residential buildings).
These standards are updated every 3 years.

These standards determine, for instance, the
minimum amount of fresh air that has to be
brought into an enclosed space and the mini-
mum amount of stale air removed per sec-
ond per occupant or per second per square
meter of space. It also sets other minimums,
such as the minimum distance of fresh air
intakes from exhaust points.

RA CN 1V-12.02.01-04 "Heating, ventilation
and air conditioning" currently in effect in
Armenia specifies permittable values of tem-
perature, relative humidity and velocity of air
in the service zone of residential, public and
other rooms, etc. Thus, the minimal con-
sumption rate of ambient air in residential
buildings is set at 3m? per hour per m? of res-
idential area.'® The same indicator is 20 to 30
m? per hour per person for industrial areas.

Building ventilation can take several forms:
mechanical or forced ventilation, natural ven-
tilation, hybrid ventilation, and infiltration.

e Mechanical or forced ventilation uses air-
handling units that require the expendi-
ture of energy to circulate air or bring
fresh air into the interior of buildings and
remove stale air or excess humidity. Most
modern commercial buildings rely on
such devices for ventilation.

o Natural ventilation uses the natural forces
of wind and buoyancy of air to move
fresh air in and stale air out. No addition-
al input of energy is required for this
movement. Natural ventilation is the main
subject of this section and will be dis-
cussed later.

e Hybrid ventilation uses a combination of
mechanical and natural ventilations. The
mechanical is used to either augment the
natural ventilation or diminish it, such as
when there are strong winds.

e Infiltration or air leakage is the exchange
of air between the interior or exterior of
buildings through cracks in doors, win-
dows, skylights, etc. It is typically

Chuwpwpwywu Unpdtpu nL wunuutpp unjw-
pwpwn uwhdwunwd GU onwthnpunLpjwu unwu-
nwnpwubpp: Oppuwy® WUL-nd 2hUwnpwpwywu
unpdGph gbpwy2hn Jwup hhduynid £ ASHRAE
Standard 62.1 (QGuph UGpuh onh npwyp pninp
2tUptGph hwdwp) b 62.2 (QGUph UGpuh onh npw-
Up uwywywhwpy puwyth 26Uptph  hwdwn)
uinwunwnpwubnph ypw: Un unwunwnpwnubpp un-
pwgyntd GU jnLpwpwlgnip Gptp tnwphu JGy:

Un unwunwnpwubpl, ophuwy, uwhdwunwd Bu
thwy wnwpwsép npynn pwpd onh Ujwquagntju
pwlwynipynitlp, wwpwéphg hGnwgynn ng
pwpd onh pwuwynieintup JGpwanpywd Jty
dwpnntt wd wnwpwsdph 1 U? dwybpbuhu 1
Jwjpywuh hwoyny: Wjn unwunwpunutpp uwh-
dJwunwd U bwl w)j; bWJwquwagnylu wywjdwuubn,
opnhuwy® wju UJwquwanylu hGnwynpnipniun,
npp pwdwunwd £ pwpd onh UGpwédwUu L wn-
innunywé onh wpunwéddwl Yenkpp:

33-nwd gnpénn «2Ennignid, onwthnfunwd W onh
(wynpwynd» 33CL 1IV-12.02.01-04 2hUwpwnpw-
Ywl Unpdtpp uwhdwunwd BU onh gEpdwuwnhtw-
Uh, hwpwpGpwywu punuwynipjwl W 2wnpddwl
wpwanipjwu pnywwnpth unpdGpp puwybih,
hwuwpwywywu W wj uGuptph uywuwnpydwu
gnunnud W wju: Yuwbu, puwyth 26Upbnh hw-
dwn wpunwphU onh bjwquwagnyu Swhuup uwh-
dJwlyqwé k 3U° dwdnd puwybih dwytptuh jnepw-
pwUgnip 1U? hwdwp:'™ Lnylu gnigwlhyp wp-
nwnpwywl nwpwéputph hwdwp Ywaqunud E
20-hg 30 u® dwuntd jnLpwpwlsnip dwpnnt hw-
dwpn:

Ctuptph onwthnfuniteintup Ywnpnn £ hpwyw-
Uwgyt] wmwpptp dutbpnd’ UGhuwupywywlu Ywd
unhwnnwywu onwthnfunte)ntl, plwlwl onw-
thnfunipinil, hhpphn onwthnpunieintl W onh
UtpprwhwugnLd (hudhinpwghw):

e UbGhiwuhywywl Ywd unhwynnwywl onw-
thnpunLeintUU ogquwagnpénid £ onwthnhunt-
rjwl wnbnwywjwupltn, npnnup EuGpghw Gu
Swhuuntd  onh 2nppwlwnnipjwl  JwqUw-
yGpwdwl Ywd pGuptph onwthnfuynn wnw-
pwoép pwnd onh dwwnwlwpwnpdwl W htn-
ancy onh ywd wybgniy funbwynipjwl he-
nwgdwl Jpw: dwdwlwlwyhg wnliinpwjhu
26Uptph JG6 Jwunid hpwlwuwgynid £ wyn-
whuh onwthnpuntp|nty,

e PLwlwU onwihnpunipiwl hwdwywpgbpnid
ogwnwagnpéyntd £ pwdnt puwlwl nudp W onh
nnipu UndwU nudp pwpd W hGnadnly onwjhu
quwugywéltph  wnGnwwnpddwl  hwdwn:

'8 The total of only living room and bedroom areas of an apartment (the term is gradually disappearing from professional vocabulary).
PUwywpwuh® vhwjb uGbjwyubnh JwytbpGup (nGpdhup wunhdwlwpwnp nnipu £ dnynid dwubwghnwwl pngwlwnnipinitlhg):
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unintentional, although some of it is often
unavoidable and perhaps even desirable.

Historically, buildings were ventilated natural-
ly. In many Western countries, however, me-
chanical ventilation took on a prominent role
after the second world war. With the increas-
ing cost of and environmental impact on our
energy sources, more attention is being
placed on natural ventilation. In climates that
are suited to natural ventilation, it is estimat-
ed that you could save 10-30% of total ener-
gy consumption. ™

Natural ventilation systems rely on pressure
differences that move fresh air through an
enclosed space. Pressure differences can be
caused by wind or the buoyancy effect
caused by differences in temperature or hu-
midity. This can happen in three ways:

a) Wind can blow air through openings in
the wall on the windward side of the
building, and suck air out of openings on
the leeward side and the roof (Figure 21).

Pressue
"+ 6lgnud
"' Suction

Windward ubpéonLd
+—Wall
—_—
Wind Lo+ hnnuwynnu
irecti —; . wjwwn
Direction :
pwunL —
nLnnnipntlp
— Leeward Wall
hnnllulhuluum_.
nwl ywuwn

Building Elevation
GGuph pwpépnipyniup

b) Temperature differences between warm
air inside and cool air outside can cause
the air in the room to rise and exit at a
ceiling or ridge, and enter via lower open-
ings in a wall.

c) Similarly, buoyancy caused by differen-
ces in humidity can allow a pressurized

Uju hwdwywngbpnid ng Uh [pwgnighs Eutp-
gbwinhy éwhuu sh wwhwugynid: Fuwywl onw-
thnhunipinilp wju pwdluh hhduwlywlu wnwp-
ywl Ebwdwupwdwul YuGpywjwgyh wytihnw,

e 3hpphn onwthnpuniiwlu hwdwywpgbpnid
oguwagnnénid U JGhuwuhywywu W puwywu
onwtnpunipjwl hwdwnpnudp: Wu hwdw-
Ywpgbnph JbhuwUhywlywl pwnwnphsl og-
tnwagnnpéynd £ puwywl onwthnfuniejwu
nidbnwgdwu, Jwd, punhwywnwyp, pnLwg-
Jwu bywwwyny' nidbn pwdhubph ywpw-
quwjncd,

e hudhinpwghwl (Ywd onh hnuwynpnLuwnut-

np) 26uph wpwiwphlu U UGPRPU  Wwwnn

Ynuuwnpniyghwutinhg onh sywquwytpuywsd
hnupl E, npp mnEnh £ nluBUnwd nnutph, yw-

wnnthwulbph, JwUuwnpnwjihu (nruwdninub-
nh W wjil, 6Gnptnh Uhgnd: hudhinpwghwl,
npwtu Jwunl, wywdw E wnbnh nutundd,
suwjwdé npn2  nGwptpnud  hubhtnpwghwu
wupuntuwhtih £, huy GppGdu Unuphuy Yuw-
nnn t |huG| gwuywih:

MuwuwndwywunptBu 2ELUpEpp onwthnfuyt] GU puw-
wu Gnwuwyny: Uwywju pwqUwpehy wpl-
Jinjwl GpypubGpnuwd  JGhuwUhywywl  onwthn-
funLpyntup glfjuwynp ntp £ puwnnud, hwwnyw-
wbu Spynpnpn hwdwhuwnphwjhbu wwwnbpwaquhg
hGunn: UGhuwUuhjwywu onwthnpuntpjwl pwnén
wpdGph W EuGpghwjh wnpjniputph’ punipjwu
Jpw ntubgwéd wagnbgniejwl wwwndwnny wybih
JG6 npwnpnipynitt £ nwpaynud puwywlu onw-
thnfunipjwup: Lwwuwnwynp Yhdwjwywu wwy-
dJwlutpnud puwywu onwthnpunipjntulu h yhtw-
Uh £ wwwhnyby I:Ul:nqhwjh punhwuntp uwwn-
Jwl 10-30% wnlwnbuntd™

Fuwywlu onwthnpunipjwl hwdwywnpgbpp gnp-
6nud GU pwpd onp thwy tnwpwdpnid inbnwpwp-
dgnn  dupnuduGph  wwppbpnipjwlu  2unphhy:
QupnduGph wmwnppbpnipnlup Ywpnn £ wnwsew-
Uw] Ywd pwdnt Ywd onh nnipu dndwlu nich
2unphhy, npp onh eEpdwuwmphdwultph Ywd fun-
Uwyntejntuutph  nwnppbpnigjwu hGnbwup E:
Aw nknh E ntuGUund hGinlyw nunhuknny.

w) pwdhl Ywpnn £ wywwnh wugptph nL dGnptph
dhgny sl 26Uph hnnUuwhwpynn Ynnuhg L
wnpunwoét] onp 26Uph hnnUwhwlwnwy Ynnuhg
nL tnwlhphg (LY. 21);

p) 26Uph UGpuh nwp onh U npuh uwnu onh gGn-
dwuwnh@wuutph nwppbpnientuubpp uinhwnud

"9 The remainder of this section relies heavily on Andy Walker, “Natural Ventilation”, National Renewable Energy Laboratory, June 15,

2010, www.wbdg.org/resources/naturalventilation.php

PwdUh UjnLpp, wjunbinhg h Y&p deéwwbu hhdujwsé £ hGnlyw hpwwwpwydwl ypw. Andy Walker, “Natural Ventilation”, National/
Renewable Energy Laboratory, June 15, 2010, www.wbdg.org/resources/naturalventilation.php
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column of dense, evaporatively cooled air
to supply a space, and lighter, warmer,
humid air to exhaust near the top.

The first principle is used effectively by “wind
catchers” in parts of the Middle East that
have hot and dry climates. While there is ev-
idence of their use in Ancient Egypt, more
modern applications are prevalent in the cit-
ies of the arid regions of Iran and Arab coun-
tries.

The towers that catch the wind are typically
four or eight sided. This enables them to
catch the wind from the different directions
from which it may blow. If architects are un-
able to provide so many openings, they need
to have good information on the direction of
prevailing winds. Access to local meteorolo-
gical information is critical. They should also
ensure that there are no major obstructions
to the flow of summer winds. Traditional ap-
plications used towers to avoid obstructions
(Figure 22).

Modern applications of wind catchers are
growing. One use mentioned frequently is at
the Beddington Zero Energy Development
(BedZED) in the United Kingdom. Despite
the fact that this particular solution has a
heat-recovery component worked into it, the
wind cowls, as they are called, offer passive
ventilation. There are also other contempo-
rary projects employing wind-catcher solu-
tions (Figure 23).%°

As mentioned above, natural ventilation can
result from the buoyancy of air, which is
caused by differences in air density. The
density of air depends on temperature and
humidity (cool air is heavier than warm air at
the same humidity and dry air is heavier than
humid air at the same temperature due to
water vapor density being lower than air
density).

Within the room, both heat and humidity gi-
ven off by occupants and other internal sour-
ces tend to make air rise. The stale, heated
air escapes from openings in the ceiling or
roof and permits fresh air to enter from lower
openings to replace it. This is called stack
ventilation and is seen in 19" century

GU uBUjwyh utGpuh onhu pwpépwlw] yGp W
nnLpu qw| wnwuwnwnh dwywnpnwyny wd nw-
Uhph Gapwagény, huy npup onhu® Ukp66YLE Ww-
winbtnh uinnphU Jwuph wugpbphg ywdJ 66nptnhg;

g) hwdwudwl éuny onh nnipu dndwu nich
thnthnfuntejntup Ywpnn £ hGwnbwUp (hubp fun-
LUwyntejnLuutph nwppbpniejwl, nph nGwpnid
wybp rErW unuwy onh untup Ywnpnn £ dupyt
ntwh utLywyh yGphu dwubpp W wpunwhnuby:

AnnUnpupgutph Yhpwnniegjwl wnwehlu yywjne-
rinLLLUEND Yywwywé BU ¢np W tnwp Yhdw nLub-
gnn Uhghu UplGph hGwn: Qnjnientu nLtubu yyw-
jnLERnLlUUGp wn wju, np npwup ogwwagnpdyb]
Gu 3pu Gghwuwnnunwd, wyth dwdwuwywyhg
nwnppbpwyutpp Yhpwndtp GU Ppwlh pwnwp-
uGpnud, hwnywwbu wnwyb] ¢np Yhdwjwywl
gnunnt puwywdwiptpnid, puswybu Lwle npn
wpwpwlwu Gpyputpned:

InnUdnpuhg w2nwnpwyubpp unynpwpwn nLub-
unwd GU gnpu Ywd nip ynnd, tmwpptbp ninnne-
pintllGpny  pwdhuutp npuwint Lwwuwnwyny:
Grbt dwpunwpwwbwunp gntuh pninp nennnLenLl-
utGpp hwyh wnlGint hwdwnp pwgywéplbn
wwwhnyGnt huwpwynpnipinitt, wwyw wbunp t
inhpwwbunh Junwhbh wnenGynigjwu pwdhub-
nh hhduwywu ninnniejwl Jwuhl: Ywnplnpw-
gnLuu £ nwnunwd wnbnh ontpunipwpwluwlywl
nbnGynipjwlu Jwwgbihnipiniup: MGwnp £ Lwl
wwwhnyt] wdwnwjhu pwdhutph hhduwyw-
unwd wuwpgb] pupwgpp: Upgbpubphg puntuw-
thtnt hwdwp wjwlunwywl E wunwpwyubnh
Uhpwnnudp (LY. 22):

InndnpupguGph  Yhpwnnieintup  UGpYwynidu
qguwiny wnwpwéynwd E: Ypwlughg wnwyb] hw-
dwhu hhgwunwyynnp Uhwgjw wgwynpnie)nt-
unwd REnhugwnnuh inEnwywjwupl E' Beddington
Zero Energy Development (BedZED): 2Quwjwd wju
thwuwnhlU, np wjn dwulwynp |nednudp ywnniuw-
ynid £ bwle sGpdneejwl UEpphU nEYNLWEpWghw,
pwdnt 2nswughsutpp, huswbu npwug wujwuncd
GU, wwwhnynd GU wwuhy onwthnpuntpnLu:
LUwl Lwl wj dwdwlwywyhg bwhiwagdtbn hnn-
Unpuhsubph oginwgnpédwup Y. 23)%:

Cuwn JGpnUjwih, plwlwl onwthnpuntejniup
ywpnn £ wnntnh nluGuw] onh nnipu dndwu niwdh
2unphhy, npp wwjdwuwynpjwé £ onh huwnnt-
pintUUGNh wwppGpniejwdp: Onh puwnnip)niup
whidwé £ gEpdwunhdwuhg W hwpwpGpwywl
hunuwyntejnituhg (uwnl onp wytih dwup E Unyl

2 For a thorough discussion of windcatchers and their modern applications see Omidreza Saadatian et al, "Review of Windcatcher
Technologies," Renewable and Sustainable Energy Reviews 16, (2012), 1477—-1495.

3nnuunpuhgutinh W npwug Yyhpwndwl dwdwlwlywyhg nwppGpwyutph dwupwdwul pulwpynudp nbu wjuwintn. Omidreza Saadatian
et al, "Review of Windcatcher Technologies," Renewable and Sustainable Energy Reviews 16, (2012), 1477-1495:
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buildings. Research by Jane Greenwood on funUwyntejwl wnwp onhg, snp onp wybh dwlp
vernacular architecture in Gyumri, Armenia, E Unyl eEpdwunphéwuh funuwy onhg, pwuh nn
points out the use of these solutions in 19™ onwjhu gninp2nt funnieiniup thnpnp £ onh huwnnt-
century residences (Figure 24). rInLUhg):

Figure 22. Wind catchers in traditional Iranian cities. Note the four or eight-sided openings to capture wind

-

e " s - - . L : e
Liwp 22. 3nndh npunidb wjwunwywu £ ppwbwlwlu pwnwputpnd: Nwnpnipynil nupéptp 4 Jwd 8
Ynnwjhu hnnunpuhg wugptphu: Ypwiup ntnunpynd U bwl wunwpwyutph ypw wpgbpubphg fjuntuw-
thEpnt hwdwp:

Figure 23. Modern windcatchers. University of Qatar, Doha (top left), BedZED (right), and in Australia (bottom
left)

Ljwp 23. dwdwuwlwyhg hnnunpupgubp. Bwpwph hwdwpuwpwl, YWpjuw (YEpunid, dwjuhg), BedZED
(wghg) b Ujunpwihw (UEppuntd, dwluhg)

UGUjwyh uGpunwd ginnuynnutphg W wy UGpphu wnpjniputphg wupwnynn sGpdneejntll nL punlw-
yncejniup ptpnud GU onh pErULwgdwup W nGwh ybp nGnwwnddwup: Swpwgwéd wnnnnywd
onp nnwpu £ qwihu wnwuwnmwnh Ywd tnwuhph wugptphg® npwuny huy huwpwynpnipintt tnwny
rpwnu onhU UGppwthwlugt| uBLjwy unnple guuynn wugptphg W dGnptphg W, wjuwhund, thnfuw-
nhut| htnwgywé onhl: Mw wujwuynid E 2Gpnwjhu onwthnpunienil (stack ventilation) L yhpwn-
gnwd Ep 19-nn nwiph 26UpGnnud: QGjU Gphuyninh Ynnuhg Ywwnwpywd dnnnypnuwl dwpnwnuw-
wEwnnipjwl nuncdbwuhpneeintubpp Iwjwunwuh Gyndph pwnwpentd gnijg GU tnwhu, np wyn-
Whuh (niéndutnp Yyhpwndtp GU 19-pn nuipnud, puwybih mubph 2huwpwpnieyniuncd (LY. 24):
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Figure 24. Research by Jane Greenwood on vernacular architecture in Gyumri, Armenia, shows some of the
natural ventilation (stack ventilation) used in buildings. Photos by Jane Greenwood

Liwp 24. 26jU Qphuyncn, Qncdph: LYwwnbh GU pbwlwl onwthnfuntpjwlu hwdwp bwwwnbujwé

wlgpbpp: Lniuwulwpubpp' 26ju Appuyninh

Stack effect ventilation is an especially effec-
tive strategy in winter, when indoor/outdoor
temperature difference is at a maximum.
Stack effect ventilation will not work in sum-
mer unless a chimney heated by solar ener-
gy is used.

The solar chimney consists of a black-
painted chimney (Figure 25). During the day,
solar energy heats the chimney and the air
within it, creating an updraft of air. The
suction created at the chimney's base can be
used to ventilate and cool the building below.

This section gave a broad brushstroke of
natural ventilation, introducing some of the
basic concepts. Architects and builders
should familiarize themselves further on this
important topic through the reading material
recommended below.

Fresh air inlet
fdwnu onh Utphnup

Stpnwjhu onwthnpunipjwl (stack ventilation)
wpnnituwybunneejnill wnwyb]  wyuhwjn  E
dutnwjhu 2npeswlunwd, Gpp UGpphUu LW wpunwphlu
onh stpdwuwmnhdwllutph wnwpptpnie)ntup hwu-
unw £ wnwybwagniuph: SGpnwihu onwthn-
funceniup sh gnpénud wdnwup, GrE sh oguw-
gnpéynud  wpliwjhu  Eubpghwih  Yphpwndwdp
inwpwgynn Shuubinqp:

UplwjhU onwhGnwgunn funnnjwyp (wuqwuncd
U bwl wpliwjhUu Shuubinyq) Unig UEpyqwd fun-
nnwy £ Y. 25); Opw pupwgpnwd Uplh Eutp-
ghwu wwpwgunwd £t punnnwyp W npwuncd
agwnuygnn onp, husp W unnnjwynid gnpgnnid £ G-
pwdpwnd hnup: kunnnjwyh uwnnphu Jwunid
wnwowgwsd Unupwgnidp Ywpbh E ogunwagnnét
pwnUd onp nGwh nmwpwsdpubn nunnbnt hwdwp:

Unyu pwdunud UGpywjwgybght plwlwl onw-
thnpuntejwlU hhduwywu UGpwéwlywl uyqpnilp-
utbpp: Wn wmGhubhywjhu Jwupwdwul Swunpw-
Uwint b gnpSUwywunid yhpwnbnt hwdwn dwp-
tnwnpwwbwnubpl nL 2huwpwnpubpp wGwp EnhdGu
uinnple funphnepn tnpdnn gpwywuncejwup:

-140-



Unnniy 4. CEUpbnh EuEnquwnnniuwyGinncpinip. wwuhy (ncéncdubin

Figure 25. Solar chimneys can enable a flow of air even when the outside temperature is equal to or higher
than internal temperature, as they create concentrated hot air that expedites upward flow through the
chimney.

Ljwp 25. UpLwjhu funnnjwyp uintnénid £ onh hnup, wuqud, Gt npuh onh ghpdwuwmhéwup pwpép
utGpuhuhg, npnyhtwnb junnpnjuyp unbnénid £ tnwp onh YyEunmpnuwgywé 2hp
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Reading List | Cupbtpgwunipjwl UjnLptN

US Department of Energy’s Solar Decathelon for architecture and construction student teams.
(website | Gp-yw)p) http://www.solardecathlon.gov/

Solar Decathalons in Europe, China, and Latin America (website | yGp-yw)p)

http://www.solardecathlon.gov/sd_europe.html

Robert Hastings and Mariam Wall, Susfainable solar housing, Volumes 1+2 Strategies and solu-

tions (Volumes 1 and 2). London: Earthscan, 2007.

N.lvwpwqjul, «dGpwywuguynn EuGpghwh wnpjnipubp W inGhuuninghwubtny», Gplwl, UU20,
2012p. [Robert Kharazyan, Renewable Energy Sources and Technologies, Yerevan: UNDP, 2012]

(available from | UGppGnUGh' www.nature-ic.am).

Audiovisual Material

Collection of 100s of videos on passive so-
lar building design
https://www.youtube.com/channel/lUCSFZA
DuedAFiHeeD9b4na-Q

Discussion Questions

1. In your opinion, of all the professions
involved in the design of a building, who
is responsible for ensuring that the
building is designed to provide thermal
comfort to its occupants?

2. In your opinion, of all the professions
involved in the design of a building, who
is responsible for ensuring that the
building is energy efficient, i.e. expends
minimal energy for heating, air condi-
tioning, ventilation, and lighting?

3. With respect to employing passive solu-
tions for energy efficiency, what are
some of the questions you would ask
before you begin designing?

4. How will you convince your client to in-
tegrate passive solutions into building
design?

5. Play a game with your classmates
where you each take 30 seconds to ex-
plain in layman’s terms each of the fol-
lowing:

— Building orientation;
— Shading with trees;

— Structural shading;

— Daylighting;

— Cool roof;

— Green roof;

— Natural ventilation.

Stuwébwjlwjhu UynLpebp

Ctuptph  wplwjhu  wwuhy Uwhwgsdwl
JGpwptpjwp 100 wnbuwUniebphg pwnyu-
gwé hwywpwént (wlugltptlu)
https://www.youtube.com/channel/lUCSFZADu
edAFiHeeD9b4na-Q

Rwpgtip pwbwytaEph hwdwp

1. Qtp Ywpdhpny, 26Uptph Uwhiwgsdwu
Jty Ubpgpwyywd pninp Jwulwgbunub-
nhg n°nu £ ywuwnwupiwUwwnnt puwyhgub-
nh eGpdwjhu hwpdwpwyGwnie)ntll pun
Lwhiwgédwl wwywhnybGint hwdwnp:

2. Qtp Jwpédhpny, 26UpLEph Lwhiwagddwl
Jty Ubpgpwyywd pninp Jwulwgbunub-
pnhg n°nu £ wywuwwupiwlwwnne 2EUph
FuGpgwwpnyniuwybunniejwl, wju B oG-
nnigdwl, onwthnfuntpjwl, onnpwydwl W
(neuwydnpnipjwl - bywwnwyny  ujwqu-
gnuu EuGpquuwwndwl hwdwn:

3. Npn°Up BU Q6p Ynnuhg npdtihp hwpgtipp
wwuhy (niéndubph Yhpwndwdp Eubp-
gwwpnntbwybun  26Uph  Lwhiwgénidp
uyubnLg wnwy:

4. hUswtu Gp hwdngbint Q6 hwdwhunp-
nhu 26uph bwhiwgsédwlu UG wwuhy |nL-
onwdutp uGpwntne:

5. Ywgdwybpwbtp uwn Qtnp nwupuybputnh
hGw, nph pUpwgpntd jnLpwpwlgnLpn
nluGUwp JUnn 30 Juwjpywl hGnljwg
hwulwgntpjntuutpp  ng  Jwulbwgbwnpu
UGpywjwgubint hwdwnp.

— 2GUph Ynnuunnnoned,

— uwnybpnud dwntpny,

— Jwnnigywdpwjhu unytnnid,
— gbpGYwhu |nLuwynpnipnLl,
— hny wmwupp,

— Jwlwg tnwlhp,

— plbwywl onwthnfuntpEnLlu:
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