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Module Plan and Learning Outcomes

PLAN:

Familiarize students with the sources and uses
of energy in the built environment, worldwide
and in Armenia.

Student Learning Outcomes:

o Demonstrate understanding of energy
choices available to countries and the im-
pact of these choices on the natural envi-
ronment;

e Demonstrate understanding of renewable
energy sources;

o Demonstrate understanding of the role of
energy efficiency in building and city de-
sign;

e Demonstrate understanding of the signifi-
cance of architecture and urban planning in
the energy sector;

e Demonstrate broad understanding of ap-
proaches to carbon neutrality in buildings
and cities.
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Core Concepts

Carbon Footprint

Carbon Neutral

Embodied Energy

Energy: Conventional
Energy: Clean

Energy: Renewable
Energy Efficiency

Energy Intensity
Greenhouse gas (GHG)
Passive Solutions

Solar Energy: Photovoltaic
Solar Energy: Solar Thermal
Zero Carbon
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INTRODUCTION

Energy is used in buildings to heat, cool, light,
ventilate, cook, wash, dry, and power appli-
ances. Estimates show that buildings use
50% of all generated energy in a country.’

Non-food energy that we use in our daily
lives, in our cities, buildings and automobiles,
is derived from many sources. We use the
sun, wind, flow of water, petroleum, natural
gas, among others. The various sources of
energy can be divided into two broad
categories: non-renewable and renewable.

Non-renewable and renewable energy sour-
ces have three main uses in the built environ-
ment: to generate electricity, to generate heat,
and to enable enhanced mobility. To date,
these three main uses have been heavily re-
liant on non-renewable fossil fuels (Figure 1).

LErUBdNHE3NIL

¢tuptpnud W 2hunipe)niultpnud EuGpghwlu og-
nwagnpéynid E 9Gnnigdwl, hnjwgdwl, onwthn-
fjunipjwl, [nruwynpnipjwl, YGpwynph wwun-
pwuwndwl, [Jwgph, sgnpwgdwl bywwnwyubpny,
huswbGu Uwlw EGYunpwywl uwpptpnud: Cunn
qUuwhwwwywulutph®  26UpGpnLd  oquwgnns-
gnuwd £ Gpypnud wpnwnpywdé nne Eubpghwjh
50%-n":

Ng ulUnwjhu tutpghwu, npp JGUp ogunwgnp-
onud GUup wnonw Yytugwnnud, dGp puw-
nwputnnd, 26LUptpnud W wywnndGpBuwubnned,
Swanud £ EuGpghwjh pwquwwhuh wnpjniput-
nhg: UGup ognwagnnpénud Gup UpGgwyh, hnnuh,
snwhnup, bwyrh, pbwywl quagh EubGpghwu W
EuGpghwih pwquwehy wjl wnpjniputip: EUGp-
ghwjh pwquwuwhuh wnpjnipubpp nwuwywng-
gnwd U Gpynt hhduwywl pudptpp' yGpw-
ywuquynn b syGpwywuguynn:

Eutpghwjh wyn Gpynt hhduwywl wnbuwyutpp®
Jtpwywuguynn L gyGpwywuqldnn, ogquw-
gnpéynid GU Gpbp wnBuwyh JdGpsuwywu Eutp-
ghwjh wpwnwnpnipjwl hwdwn. EEYnpwyw-
untpjwl, stpdnipjwl W JdGpuwuplywywlu' wu-
hpwdtwn 2wnpdntbwynipjwl wwwhnydwu hw-
Jwp: UhUs onu wju pninp Gpbp tnnGuwyutpu Jt-
Swwbu Ywhijwéd U hwuwén Jwnbhpubphg
uy. 1):

' “Architecture 2030 Will Change the Way You Look at Buildings”, accessed March 2013 / 2013p. Jwpwh npnipjudp

http://architecture2030.org/the_problem/buildings_problem_why
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Figure 1. Uses and sources of energy in the built environment

Source/ UnpjnLpp' International Energy Agency, 2010 (2007 data)
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Today, 70% of the electricity worldwide is ge-
nerated using fossil fuels (coal, gas, and pet-
roleum). More than 90% of heat generated
uses fossil fuels. For transport, the fossil fuels’
contribution is as high as 95% (Figure 1).

Coal is the largest type of energy source used
in producing electricity. More than 40% of the
electricity produced worldwide is based on
coal. Renewable energy sources, while grow-
ing rapidly, are still a small percentage of the
overall energy-production portfolio (Figure 2).

In Armenia, as of 2012, the largest source of
power generation was natural gas (42.3%),
followed by hydro (28.9%) and a very close
third, nuclear (28.8%).

LGnpYywjndu ElGYnpwtutpahwih 70%-U w2huwn-
hnud wpunwnpynud £ hwuwén Jwnbhpubph hh-
dwl Jypw (Uwyp, wénthu, puwywl quwq): -
dwjhu EuGpghwjh wpwnwnpnipniunid hwuwén
Jwnthputph Jwubwpwdhup 90% E, huy
npwluwnpunned® 95%:

ElGynpwtubpghwih wpwmwnpnienLunwd (wjun-
nEU oguwagnpéynid £ wénipup: Whuwphnod wp-
mwnnpynn ElGYwmpwtuEpghwih wybih pwu 40%-p
hhdugynwd £ wéhuh Jypw: Eubpghwjh yGpwywug-
ugnn wnpjniputpp, sbwjwéd woh qquih wmEdwb-
nhu, wnwjdd 2w thnpp nnynuwjhu dwulwy-
gnLpinLu nlubU EUGpghwjh wpunwnpniejwu gnn-
onud:

Swjwuwnwund 2012p. npniejwdp ElGYnpwywu
EuGpghwjh  wpunwnpniejwl  wnwyb]p  fun2np
wnpjnLp Ep puwywu qwaqp (42.3%), wjunthGunlW®
hhnpnEuGpghwu  (28.9%), www® Jhentywjhu
EuGnghwu (28.8%):
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Worldwide (and in Armenia), natural gas is the
primary source of heat production (Figure 3).
Major renewable sources for heat generation
are biomass (wood and its extracted products)
and waste (through highly controlled incinera-
tion plants). Solar-thermal collectors remain a
small but promising source of heating for
countries with high rates of insolation, i.e.,
total solar radiation.
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Whwphnd W 3wjwunwunwd plwywlu quql
wnwelwihu wnpnp £ sGpdwElGpghwih wnp-
wnwnpncejwl npnpunned: Iwdw2uwnhwihu Jw-
Ywpnwyny gGpdwtUGnghw)h wpnwnpnipjwu
ninpinnud glluwynn yGpwywuguynn Eubpgw-
wnpjnLpupu U YELuwqwugwédp  (hwjnw-
Uinipp W npwuhg unwgynn wpgwuhputpp) W
pwthnulbpp (UGpwrjw] fuhuwnn  huynnnipjwu
nwy guuynn wnpwjpdwl ghpdwpwulubnp):
Uplwjhu eGpdwjhu YynGYnnputbpp 2wpnluw-
Unw BU Juw| pEny qupgwgwd, pwjg hunu-
nnwduwihg wnpnip  gepdwdwwnwywpwndwu
LUwwuwnwyubpnny wju Gpypubph hwdwn, npnup
hwpniunn BU UpGgwyh dwnwaqwjrwjhu Eutp-
ghwjny:
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NON-RENEWABLE SOURCES OF
ENERGY

Non-renewable (or what is often called con-
ventional) sources of energy include coal,
natural gas, petroleum, and nuclear. These
are called non-renewable because the mineral
resources that are extracted and used were
created by natural processes over millions of
years. Once they are used, they are depleted
and cannot be replaced in a historically mean-
ingful timeframe, if at all. Once they are used,
they cannot be renewed; they turn into heat,
ash, gases, or other types of waste (such as
radioactive material).

Non-renewable sources of energy have
played an unparalleled role in human eco-
nomic growth. The rapid rise in standards of
living throughout the second half of the 19"
and all of the 20" century is primarily due to
the prevalence of non-renewable sources of
energy, particularly coal and petroleum. More
recently, natural gas has become an im-
portant energy source.

As important as they have been to human de-
velopment, non-renewable sources have their

wnp
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EuLGrahush 24GruyuLaLvin
uaersnmruere

Eutpghwjh ¢ytGpwywuguynn (Yud huswtu hw-
dwh wujwund U wywunwywu) wnpnLn-
utpu EU wénLhup, bwypep, puwywu qugp W Uh-
ontywjhu Jwnbihpp: “Ywup hwdwpynud Gu
syGpwywuguynn, npnghGnnle wyn hwupwjhlu
nGunLpuutpp, npnup wpryntbwhwuynd W og-
tnwagnnéynid Bu, uwnbndytp GUu Jhihnuwynn
wnwphutph puwywu ypngbuutph wpnyntupned:
Oquwagnnpénidhg wudhpwwbu hGuin npwup
uwwnyned GU W s6U ywpnn thnpuwphuybp wywun-
JwywunpGU puywibh dwdwuwwhwwnywénid
(GG nw punhwUpwwbu huwpwynp £): Ogunw-
gnpéndhg npwlp nwnunid GU gGpdnienilu, Un-
fuhn, gwqg Yuwd wjl nbuwyh pwithnUutp (wjn
rUnLd’ nwnhnwywnhy UjnLetp):

EuGpghwjh syGpwywlquynn wnpjneputpu wu-
qguwhwwbh nbp U puwnwgb Jwpnyniejwl
inunGuwywlu qupgwgdwl gnpénid: UGuwd
XIX nwph 2-pn YGuhg uhtg nng XX nupp’'
Jwpnnt yGuuwytpwh wpwag wdl wnwehu htnp-
rhUu Ywwdwé E Eubpghwih sdGpwywuguynn
wnpjnLpuGph  ognwignpédwlu  hbwn, hwwnlw-
wbu' woéhuh W bwyreh: WYGh n pbwywl qwqgp
nwpéwy tubpghwjh Ywplnp wnpjnen:
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limitations. Firstly, they are non-renewable.
Once we use them, they are no longer availa-
ble for future use. Secondly, all non-renew-
able sources have a negative impact or im-
pose significant negative risks on environmen-
tal and public health.

Non-renewable energy, like nuclear power,
involves risks of major catastrophe, both in
operational and post-operational phases. For
example, in the operational phase there have
been catastrophic accidents such as Cherno-
byl (Ukraine), Fukushima (Japan), and Three-
Mile Island (United States). In the post-
operational phase of nuclear power, the main
issue concerns the storage of spent nuclear
waste. This waste has to be managed for
10,000-1,000,000 years to avoid exposing
populations to risks.?

Nppwl k| Ywplnp £ npwlg ntpp dwpnyniejwu
qupgqwguwl gnpénud, wjuniwdtGuwjupy, syG-
pwywuquynn nGunipuuGpu nluGU  npnwyh
uwhdwUwthwynwdutp: Uph ynndhg npwup yt-
pwywluquynn sGU, djntu Yynnuhg' htug np UGup
ogwnwagnnpénd Bup, npwlup wjllu hwuwlbh
s6U wwwagw oquwagnpédwl hwdwp: Upntu
Unnuhg® sybpwywlquynn EuGpghwih gnbprt
pninn wnpjnepuGpp Jwpnne wnnnentejwlu W
2ngwyw Uhpwywiph ypw pwgwuwlywl wgnb-
gnLeintu nluEU ywd wwpnibwynd BU wynwh-
uh pwgwuwlywl wagnbgnipjwl nhuybn:

Wunthwuntpd  UpGLUp, np  syGpwlwlglynn
EuGpghwjh wnpjniputpp, hugwhuht £ dhgniyw-
Jpu EuGpghwl® wywnpnibwynid £ fun2np nL wnb-
nwih nhuytp rE 2whwagnpédwl plupwgpntd,
rLE" 2whwannpénidhg nnipu pbipGinig hGwnn: Sw-
hwqgnpédwl pupwgph Yprwnubtphg wn wjuon
nLuGUp wnGunwih ypwputph ophbwyutn 2tn-
Unpphinud (NLypwhlw), dSncynhdwynud (Qwwn-
Uhw) W Sph-Uwj Yjpunnd (WUL): Winndwjhu
ElGyunpwywjwuutph  Gnwhwagnpédwl  thnt-
(hed hhduwywl huunhpp nwnhnwywnhy pw-
thnulGph  wwhGuunwynpnudu £, pwihnuutp,
npnup wbtwp £ Jwnwdwnpytlu 10 hwquphg
Jhus dhihnU tnnwpp® puwysnipjwlp nhuyh G-
rwnytnL hwdwp?:

Rwluwdn Jwnbhpubph (wénihu, LUwype, plUw-
ywu quwq) ogunwagnnénidp Unyuwbu nluh pw-
gwuwywu wgagntgnieintt: Wn Jwnbhputph
wjpdwl hGnbwupny ng Uhwju wlupwwnynid E
FuGpghw, wjllk wpunwubwnydnd U wnunnunhg-
utn, npnup Juwuwywp GU Jdwpnnht wnnnont-
RIWU U 2ngww vhgwywjph hwdwn:

Jwnthputph wipdwl wpnyncupnid wpunwubn-
Jwé dwuuhyutpp ywnnn BU pnptph W 2Uswnw-
ywu ntnputph hhjwunniejntlubph wywwndwn
hwunhuwlwy:

Ophuwy’ wupdwl W pnptph pwngytnu wudh-
swwbu ywwnid GU hwlbwén Jwnbhpubph wnp-
tnwubwnnudubph woh hGwn: bug JGpwpbpnud £
2npwlw Uhowywiph yhtwyhlu, www hwlwbén
Jwnthputph wjpdwl pupwgpnid wnwewuntd
E wohuwdUh tpyopuhn (CO2), npp gtpungwjhu
guwgq £ (29): CO,-h wpwnwubwnnwdutph wybiw-
gnudu wudhpwywunptl yuwwywé E Yyhdwjw-
ywu thnthnpuniejnituutph, puswtbu bwl Jh sw-
thwquwlg pwnpn wpngGuh htwn, huswhuhl E oy-
Uhwunuh pRYwUwgnup: Sppwyw Uhgwywiph
wanbgnipjwl nwuntduwuppniejntllpp Yubp-
ywjwgytu Unnnt| 2-nU:

*> National Research Council, Technical Bases for Yucca Mountain Standards. Washington, D.C.: National Academy Press, 1995; cited
in "The Status of Nuclear Waste Disposal", The American Physical Society, January 2006. Retrieved 2008-06-06.
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The use of fossil fuels (coal, natural gas, petroleum) also has negative impacts. When burned, not
only do these fuels release energy, but they also emit pollutants that damage human health and the
health of the environment. Lung and respiratory ailments have increased due to particulate
emissions from burning fossil fuels. Asthma and lung cancer, for instance, have both been
associated with the increase in fossil fuel emissions. With regard to environmental health, burning
fossil fuels releases gases, such as carbon dioxide (CO,). CO, has been recognized as a green-
house gas (GHG). The increase in CO, emissions is strongly linked with global climate change, as
well as a highly complex process called ocean acidification. These types of environmental damage

will be further discussed in Module 2.

RENEWABLE SOURCES OF ENERGY

Renewable sources of energy are those that,
when used, do not diminish the availability of
those sources. Use of the sun, for instance, to
heat water or indoor space does not diminish
the power of the sun. Likewise, using wind
currents to turn turbines that in turn generate
electricity does not diminish the availability of
future wind currents.

In this section we will discuss several types of
renewable sources and technologies, using
the definitions identified by the International
Energy Agency and other similar or-
ganizations.

There is, however, a debate among envi-
ronmentalists as to whether all of the sources
mentioned could be considered renewable.
Clearly, some of these renewable sources
would not be considered clean energy, i.e.
energy with no waste or harmful side effects.
Biofuel or biomass, for instance, both involve
burning, which creates emissions. Additional-
ly, biofuel often comes at the expense of rep-
lacing valuable agricultural land that should be
used for growing food.

Large hydropower plants devastate ecosys-
tems and habitats. Even small ones can have
a detrimental effect on fish species and biodi-
versity if they are not constructed with ade-
quate environmental flows and passages to
allow for travel up and down the river for feed-
ing and spawning purposes.

tuverahusk Yoruyuvavdyn
nsunrruLere

Eutpaghwjh yGpwywuguynn ntGunipulbpu wju
nGunLpulplu Gu, npnup ogquwagnnpéytinitg hb-
wnn 56U uywnynud W Jwpnibwynud GU Juwg
Jwpnnt hwdwp hwuwutGh: Ophuwy® WUpGgwyh
EuEpghwjh ogwwagnpéndp wwp 9ph wwwn-
pwuwndwl Ywd ebnnigdwl Lwwwnwyubpny gh
yndwwnd wuwnnh twnwquwjpdwUu nLuwynt-
rINLUU nL hgnpniejntup: Lniup YwpBh £ wub)
wju nGwpnwd, Gpp ogwwgnpénd U hnnuh
hnuph EuGpghwUu hnndwwnipphup wywnnbine W
ElGyunpwtuGpghw  wpunwnptint hwdwn, npp
pninpnyhu ¢h ujuwgbgunwd hnndwhnuh hwuw-
UG hnLeynLtUp wwwagw)nLd:

Unyu pwdlunid JGup ypulwnpytup ycpwywugp-
uynn EuGpghwih pwquwphy wnpjniputp L
intGhuuninghwubn, hhdudGind wju pwuh Ypuw,
rE Eutpghwih Uhgwaqwjht gnpdwlwintejwl
UL Udwlophtwy wyj YwquwybGpwnipjntuubnh
ynnuhg np nbGuntpulbpu GU UnyUwywuwgynid
npwtu yGpwywuguynn: LuntwdtGuwjuhy, puw-
wwhwwuutpp Jhtwpwunid Gu, pE wpnnp
EuGpghwih wjn pninp wGuwyutpp wpblh E
hwdwnt yGpwywuqluynn: Phwpyt, nnnawyhn-
nGu sh ywpth pninp lmGuwyutpp hwdwpbp Jw-
pnip EUGpghw’ wnwug pwihnUutph W Juwuw-
Jwn wanbgniejniuutph: Oppuwy’ Yeuuwywnb-
thep Ywd YGuuwquwugywép, npnug oguwagnn-
énudp ywwywd £ wpdwUu htn W, hGinmbwpuwn,
nunGygynid £ Juwuwlwp wpunwubnnidutpny:
Udthu, YGuuwdwnblhph wpunwnpnieintup
Jwwydwsé E gninununGuwywl wpdbpwynp
tnwnwdépubnph ogunnwgnpddwu hGwn, npnup Yw-
nnn thu UGpgpwyytl ullnwdetpph wpuwn-
nnijwl JGe:

funonp hhnpnElGYunpwywjwuutpp (REY-Gpp), ophuwy, yuwunwd GU 2ppwlw Eynhwdwlywpghlu W
puwynipjwu Juwintphu: Lnyuhuy thnpn hhnpnywjwulubpp Ywpnn GU Juwuwywp wanbgnienil ne-
UGLUw| dYuwwnBuwyutph W YEuuwpwqUuwqwuniejwl Yypw, Grt Yuwjwunid bwhiwwnbujwé s6U pw-
Juwpwn pbwwwhwwlwlwl pnnptp W hwwnniy dyuwugnidutp, npnup hbwpwynpnie)nilu Ypudbntu
dyubph wgwwn nmbnwwndh hwdwn hugwbu espwhnul h Y&, wjbwtu £ h ywn® ubunh hwjphwjpdwl
U pwaUwgdwl bwywwnwyutpny:
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Flat-panel solar-thermal collector

Swne wpliwjhu sGpdwjhu ynGynnn

Evacuated tube solar-thermal collector

Jwynintdwgywéd unnnjuywynn wpliwjhu gepdwjhu
yniywnnn
Brief Description of Renewable Energy Technolo-
gies

Below are brief descriptions of the various re-
newable energy sources used or being ex-
plored today.

Solar-Thermal Collectors: These use the sun
to heat water or another liquid to heat spaces
or water. Various technologies exist, such as
flat panel or evacuated tube technologies, the
latter being more expensive, yet more effi-
cient.

Solar_Photovoltaic (PV): PV panels convert
sunlight to electricity. Solar PV panels can be
small scale or large/utility scale. At the small
scale, they are usually mounted on buildings
or integrated into building design. Often, the
electricity generated from small-scale PVs is
sufficient to meet the demands of the build-
ing. In the case that there is excess genera-
tion of electricity, reversible meters are avail-
able so that the excess power can be sold or
transferred to the utility company. For this,
however, the utility company or local govern-
ments must have adequate laws and regu-
lations in place.

Jdbpwywuguynn tutnghwjh wkluuninghwutph hw-
Yhpé UwpwgpnipjnLu

Uwnnple ptpynid £ JGpwywuquynn Eutpgbunh-
Ywjh npn2 mGpuuninghwubnh hwyhpd uywpw-
ahpp, wbGhuuninghwutn, npnup UGplywjnidu
gnuynwd GU pwhwagnpédwlu Ut Ywd hGunw-
gnunwywl thnened Gu:

UpLbwihu sGpdwihl UniGYwnnpubp. oguwagnp-
6nd GU UpGgwyh EuGpghwl® onipp wd Jby
wj] htnnty wnmwpwgubint jwd uwgwpwlup 9b-
nnigbint Lwwuwnwyny: Qnjniejntl nlUGU wnwp-
pGp  wGhuuninghwywUu |nuénwdutp, hugwbu,
opnhuwy' hwpe Ywd Juynindwgywd hunnn-
Jwyutpnd, pun npnud® wju ybpehUul wytih
rpwly E, uwlywju bwl wpryntbwybun:

dnuinnE Gynpwywlu  thnhuwybpwhsubn, Wujw-
unwd GU bwl PV-nGpuuninghw, npu WUnpGgwyh
FuGpghwtu  wludhpwwbu  thnpuwybpwnd E
ElGyunpwywup: UpLwjphu PV-wwlbubnp Yuw-
nnn GU |huG| hugwBu thnpp swihtph, wjbwbu £
hwJdwywnpgwjhu, wjuhupl® ElGYLpwywu gwu-
ghu Jhwgqwé: dnppwdwunnwp  dnnniubnp
unynpwpwn wnGnwywjiynd BU 2hunipinLulbph
wnwuppnd Ywd Ubpnwuwydnd G Ywnnig-
Jwoépwjhu tmnwppEph hGwn: Iwéwhu thnpp sw-
thtph PV-ywubGh wpunwnpwéd EEYinpwEutp-
aghwl pwywnpwpnid E 2hunipjwu Ywphputpn:
Uju nGwptpnid, Gpp PV-wwlublh wpnwnpwd
FuGpghwu pwywpwpnud £ 2huntejwl Ywd Yuw-
gwpwuh Ywphpltpp, wntih £ ogunyt| ntytp-
uhy hwdhshg” Eubpghwih wdtigniyu EGY-
npwdwwnwlwnpwnpnn puyGpnipjwlp thnpuwu-
gbnt hwdwn: Wn nGwpenid, wjuntwdBuwjuhy,
wUhpwdtwn E, np Jwwnwlwpwnpnn puytGpne-
pinLUp ywd wnbnwywu Jwpdhuubpu odnwd
(hUEL hwdwwwuwnwuuwl Ywpgwynpnn unp-
Jwuwunhy hpwyntupubpny:

dninnyniinwjhy wnGhuuninghwu Ywpnn £ og-
tnwagnnéytl twl Jebwdwupnmwp Uwhwgbt-
pnud® ElGYinpwywjwuh Jwywpnwyny® 2013p.
uygpph npnipywdp w2htuwnhph wdGUwhgnp PV-
ElGywnpwywjwuh LUwhiwghép WUL UWphgnUw
Uwhwugnid Ywnnigynn Agua Caliente wpliw-
Ihu $ninnyniinwihy ElGYnpwywjwuu £ E1GY-
npwywjwuh hgnpnieintup Ywagdtine £ wybih
pwl 397 Udwn, npp hwdwndGp E 3wjwuwnwlh
Utswdnph wwnndwjhtu  EGYUunpwlwjwuh JGy
Eubngwpinyh hgnpnipjwlp®: UGY wyp funanp
dnnnyninwihy EEYnpwywjwl, npp ubpyw-
jntdu ywnnigdwU hp hwgnpn thnyned £ uniju
Uphgnuw Uwhwugnd® Mesquite Uwhuwaghdp,
UwpiwwnbBuynd £ punwpéwyt dJdhug 600
Udwn hgnpnipjwl: SwugwjhU $nuinnyniinwihy

-21-



Module 1: Sources and uses of energy in the built environment

PV technologies can also be used to build
large/utility scale power plants.®> As of early
2013, the largest PV power plant in the world
was the Agua Caliente Solar Project in the US
state of Arizona. The plant is expected to
have a generation capacity as high as 397
megawatts, equivalent to one unit of Arme-
nia’s Metzamor power plant. Another large
PV power plant, the Mesquits Solar Project
(again in Arizona), is planned, in its next stage
of construction, to have a capacity of 600
megawatts. Most utility-scale PV power plants,
however, are significantly smaller in scale.

Wind Turbines: Turbines rotate using wind
currents to generate electricity. There are
many different types and sizes of wind tur-
bines, for example from small single-turbine
installations for individual households to large-
scale wind farms on land (on-shore wind
farms) or on sea (off-shore wind farms).

Building-integrated PV panels

Mﬁ

AN
RN
SRR
R AR

AT

SEuptiph UGy huinbgpywé PV-dnnniiutn

ElGYwnpwywjwulbph qbpwyphn dEdwdwulnt-
@INLUL, wjunthwluntpd, nluh  wUhwJuGdwwn
wybtLh thnpp hgnpniejniu:

Roof-mounted PV panels

SLuUhQLUJhU PV- LJnrmLLUbn

AnnJwihU _wnnipphUlGp.  3nndwwnnwpphuUbpp
wwnwlwu pwnpdhsubn Bu, npnup oquwagnp-
6nud GU pwdnL nudp ElGYunpwEuGpghwih wp-
wnwnpniejwl hwdwnp:

Qnjncejnil nlUGU pwaUwehy nbuwyh b swhB-
nh hnnwwnnipphuutn: Ywl uniuhuy thnpp sw-
thtph hnndwuwnnipphulbp® bwpwwnGujwé JGy
wUhwwnwywu nunbunctejwl hwdwn: Qnpénud
U Lwl JESwdwupunwp hnndwEGYunpwywjwu-
utp, npnp wnGnwywjywéd Gu Ywd gwdwpnid
(ou-2nn hnndwywjwuutn), ywd énynid (0d-2np
hnnUwywjwuutp):

® Concentrated solar power plants also exist which, instead of direct electricity generation, concentrate sunlight to generate heat. The

heat is then used to generate electricity.

Qnjniejntl ntubU bwl wpliwghu Eubpghwih wynwdniywghnU Yujwuubp, npnup ng G nunnuyhnptl wpwnwnpnud Bu EEYunpw-
tubpghw, wjp ynrinwyned GU wplh wnwquwjpnidp® eEpdwihu tubpghwjh yGpwithnfubint bywwnwyny: Yjunthtunl, wyn gbpdniegjniul

oguwagnpéynud £ ElGYnpwELEpghw wpunwnpbint hwdwn:

* The Metzamor nuclear power plant has two units each with 400MW capacity. Since its re-commissioning, the plant has been using one
or the other unit, not both at the same time. With this usage regime, the plant satisfies 40% of Armenia’s power needs.

UGswunph wwnndwjhu ElGYnpwywjwul ntuh Gpyne piny, jnipwpwlginippt 400Udin hgnpnigjwdp: Cwhwagnpddwl yGpulunidhg
Juwjwul whuwwnmwgunid £ pinyubphg dGhunwdtyp, W ng' Gpyniup Jhwupu: Wuwhuh nbdhuny Yuwjwup 40%-ny pwywpwpnd £ 33

El&YwnpwEutnghwih Ywnhpen:
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Small wind turbines

®npn hnndwjhu tnnLpphulip

Swdwpnty (ou-2nn

On-shore wind farm

)

Off-shore wind farm

nbnwywwusé

Uthwdtpé (0$-2np) hnnwywjwu

hnnJwywjwu

Hydroelectric power plants: Falling or flowing
water is used to rotate turbines, thereby gen-
erating electricity. The largest power plants in
the world are hydroelectric dams. The Three
Gorges Dam (China), the largest dam and
power plant in the world, has a generation ca-
pacity of 22.5 gigawatts (6.5 times greater than
Armenia’s total capacity from all energy sour-
ces (nuclear, hydro, natural gas, etc.).5

Many environmentalists, however, do not con-
sider large hydroelectric power stations re-
newable, as the construction and operation of
these plants have an extremely negative im-
pact on the natural environment. They disrupt
water flows and cycles, affect biodiversity, and
significantly alter the chemical composition of
surrounding soil and water.

Small and micro hydroelectric plants can be
placed on rivers without constructing dams.
These operate mostly by ‘“run-of-the-river”
forces. Typically, plants are considered small
if they have generation capacity of up to 10
megawatts. In some countries, such as the
US or Canada, the upper limit may be higher.
Finally, plants are considered micro when they
have capacity of up to approximately 100 kil-
owatts.

It is important to point out that even small hy-
dro plants may have an impact on river ecol-
ogy, biodiversity in particular. While there are
no reservoirs, the technologies used can block
the migration of fish populations; this migra-
tion is critical for species to feed and spawn.
There are design solutions for small hydro
plants that should be adopted to ensure min-
imal environmental impact. Environmentally
sensitive design, for instance, incorporates
passages for fish populations and allows ade-
quate environmental flows.

IpnpnE GYnpwywu Ywjwllbp. [Bwithynn gnipp
ywd gpwhnup Ywnbh £ oginwagnnpédtt unhwb-
(nd hhnpnuninipphup wwnndGp U, wjuwhuny,
wpwnwnnpt] ElGywnmpwywu EuGpghw: WdGuwh-
gnnp hhnpnElGywnpwywu Yuwjwuubpu (REY) w-
huwphnd wdpwpunwywjhu Yuwjwuubpu Gu: 2h-
Uwuwmwuh «Gnptp Yhpébn» wujwunwdny wd-
pwpunwyp W hhnpnElGynpwywlu Yujwlu wdt-
Uwpunnpu £ wphuwphnd L nluh 22,5 Qdin
hgnpntpe|nLl, npp 2nLpg 6,5 wugwd wybh 2wwn
E, pwU Iwjwuwmwuh pninp EEYnpwywjwulbnh
(wwndwjhu, hhnpwylhy, ptwywl qwagny gnp-
&nn W wyb) gnedwpwihu hgnpneeyniup®:
Pwquwprhy putwwwhwwulbp funpnp 3EY-Gph
LUwhiwgétpp s6U hwdwpnwd JyGpwywuquynn
Eubpghwih Uwhiwagsdtn, pwuh np npwlg Yuw-
nnigdwl U 2whwgnpédwl pUupwgpnid plw-
ywu Jhewywjnht hwugynd £ Juwu® puwpuwn-
Jnwd GU puwywl gnwhnuph nGdhdutpp W ghy) G-
np, pwgwuwpwn wunpwnwnunwd YGLUwpwq-
dJwquwuntpjwUu dnpw W 2npwthEihnptu dWwthn-
funwd 2ngwwjwinh puwhnntph W gptiph phuhw-
ywl Ywqdp:

Pwgh fun2np 3EY-Gphg, gnjnientl ntuGU Lwl
thnpp W Upypn IEY-Gn, npnup tnEnwywjynid Gu
gbwintph ypw wnwug npk wdpwpunwy Yunnt-
gGinL: Ywlp gnpénud GU «gbwnh gnpwhnup»
hagnpnipjwdp: Undnpwpwn thnpp GU hwdwnp-
Jnd wju IEY-Gpp, npnug hgnpniejntup Jhugl
10 Udwn E: Npn2 GpyputGpnud, Jwubwynpwwtu®
UUUL-nud b Ywlwnuwnid, thnpnp IEY-h hgnpnt-
pjwlU uwhdwUl wybh pwpép B dGppwwbu,
gnjnLeintl ntuGu Jhuge 100 Y4 hgnpnipjwl
3EY-Gn, npnug wuyjwunwd GU Uphypn IEY-G:

Uuhpwdtwnn E UG, np UnyUhuy thnpp hgn-
pnipjwl IEY-Gpp Yywpnn GU wqnb) gbunh Eyn-
tnghwih W hwwnywwbu YGuuwpwgdwquunt-
pjwl Ypw: QUuwjwéd wdpwpunwyh pwgwlw-
|nLRjwlp, Jwjwlwihtu Ywnnygubpp Ywnpnn Gu
fuwlqunt| dyutnh Jhgpwghwihl, npp ulunh

® Estimates based on International Energy Agency data show thatin 2010 Armenia had a totai of 3.5 gigawatt electricity-generation capacity.
UhswaaquwjhU Eukpgbunhy gnpswywiniejwl nyjwiutpny hwpdwpyubpp gnig GU tnwihu, np 2010p. 33 nLubp punwdtup 3.5Q4wn

ElGYwnmpwtuEpghw wpwnwnptGine hgnpniejniultn:
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Small hydropower plants

®npn IEY

Geothermal Energy: While there is variability
in stored temperatures below the surface of
the earth, the temperatures for any given lo-
cation tend to remain relatively constant. At
the very core of the planet, temperatures are
estimated to reach 5000°C. This heat is trans-
ferred to cooler matter at the outer layers of
the planet. This source of energy is used both
to provide district heating and generate elec-
tricity on a utility scale. In Iceland and the
Philippines, about 30% of electricity is gener-
ated from geothermal plants.

More relevant to architects and urban plan-
ners, however, is the use of geothermal heat
pumps at the scale of residential and com-
mercial buildings or greenhouses. While air
temperature varies widely depending on the
season and the time of day, the temperature
of the earth at less than a meter below the
surface remains relatively constant at 7-21°C,
depending on the site’s latitude.®

The constancy of soil temperature relative to
ambient air temperature can be used to re-
duce a building’s or a greenhouse’s heating
and cooling costs. Using pipes filled with wa-
ter, heat of, for example, 10°C from the earth
below is piped into the building, where the
outside temperature may be -8°C. The 10°C is
transferred into the rooms and the water
cools. The cold water is then pumped back
into the earth, where it regains the temperatu-
re it had lost to the rooms above the surface.

What the specific cycle described above ac-
complishes is an increase in room tempera-
ture from -8°C to +10°C, an 18°C gain in room
temperature. The additional energy needed to

hwjphwjpdwl W YGUuwwnBuwyh JYGpwnpunwn-
pniejwl hhduwlwu gpwywywul £ Wuniwdg-
Lwjuhy, wybwp E UG, nnp gnjniejnLtl NnLUGU Lw-
fuwgdéwjihu (nLénLdutn, npnup wbwp £ punniu-
Jytu W hwuwmwwydtlu, npwbGugh Gpw2huwynn-
wé [huh thnpp 3EY-Gph Ynnuhg puntejwlp
hwugynn Juwuubph Ujwquwgqntup: ARUNLEjwl
Uywwndwdp hngwunwp Lwhiwagdnudp LUwhiw-
wntuncd £ hhnpnywjwuwjhtu jwnnygubpnid hw-
nncy dyuwugnudubph wnrywnieintu L pwyw-
pwn pbwwwhwwlwlwl pnnptn:

Gpupwebpdwihu EuGpghw. Gpyph Jdwybplnt)-
rhg nGwh puntipp gpwugyntd GU twpptp otip-
Jwuwmphdwuutp, uwlwju  npuE  npn2wyh
funpnigjwlu  sEpdwunhdwuutbpp  hwdbdw-
tnwpwp hwuwnwwnniu Bu: Gpyph punGpph punp-
pnid oGpdwuwmnphdwulbpnp hwuund BU JhUusl
5000°C: Ujn stpuniejniup thnfuwlugynid £ JGp
dninpwyh dwytGpunyph 26pintphu: EUGpghwih
wjn wnpjntpu ogunwgnnpéynid £ hugwbu Yugw-
pwuutph YEunpnuwywlu stnnigdwl, wjuwbu
£l wpnniuwpbpwywl Jwuwnwplbpny gwu-
gwjhu ElGYunpwtuEpghwih  wpunwnpniejwu
hwdwp: Oppuwy' bujwunhwind W dhhwhu-
uGpnud  ElGYwmpwtuGpghwih  agpGet  30%-U
wpunwnpynd £ Gpypwetpdwihu ElGYnpwyw-
jwuutpnd:

Wjunthwuntpd, dwpunwpwwbnutph W pwnw-
pw2hUwnpwputph hwdwnp wytih gpwyhg £ wjn
EuEpghwjh oguwagnpénudp  sEpdwwndwwhu
EuGpgwywjwuputnpnd® huswbu puwyth wnuk-
nh, wjuwbtu £ puwyth W wnliinpwjhu 26Uptnh
L gbpdngutph Jwywpnwyny: Wu nGwpned,
Gpp 2ppwlw onh gtpdwuwmhbéwlp qqwihnpbu
thnfuynuwd £ nwpyw pupwgpnid b opdw dwut-
nhu, hnnh gGpdwuwmhéwup Jwytplniehg unun
JtYy JGwnp punpnieyniuutbph ypw Jdunwd £ hw-
Usdwwnwpwn hwuinwwnntt® 7-hg 21°C nhpny-
pend’ Yuwijwsd nyjw) Jwinph w2iuwnhwagpw-
Ywl [wjunLeinuhg®:

Ruwhnnh sGpdwuwnhdwlUh hwuwnwwnniu plun-
rn 2nppwlw onh ebpdwuwmhdwlUh hwdGdw-
innLpjwUp Jwnpnn £ ogunwagnpéyb] Ypdwwnbint
hwdwp Jwgwpwluutph Ywd gbpdngutph 9ob-
nnigdwl b hnjwgdwl Sdwhuubpp: Ogunwagnp-
66iny oninp® hunnnwyutpny Ywnpbh E uwnnp-
gbnljw 10°C wynwbughwih gtpdnieniup thn-
fuwnnt| gtinnigynn wnwnpwéplbn, npnlug 2new-
wuwuwnnn onh gEpdwunhdwup -8°C E: 10°C wn-
wntughwih gGpdnieyntup wnbnwithniuynid £ 96-
nnigynn ublUjwyutp: hunnnwyutpnyd hnunn
onLpp, nnpu wpnntupnid hndwgbl £, wjunthGunl

® “Geothermal Heat Pumps”, accessed March 2013, http://energy.gov/energysaver/articles/geothermal-heat-pumps
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bring the room temperature to a thermally
comfortable level of 25°C would be 15°C. Geo-
thermal requires significantly less energy to
increase the temperature by 15°C than electri-
cal, oil, wood, or gas heaters. In the same si-
tuation, electricity, oil, wood, or gas would re-
quire more energy to bring about a
temperature increase of 33°C (from -8°C to
+25°C).

There are different configurations of how the
heat underneath the ground can be captured.
The diagrams below show merely a few of the
multitude of variations. One diagram shows a
closed-loop system where the pipes undergro-
und are distributed horizontally. The other dia-
gram shows a close-looped system which dis-
tributes the pipes vertically and deeper.

Closed Loop Systems

®wly hnphanuwYwl hurdwiGuipg

Closed Loop Systems
Vertical

Tidal/Wave: In countries or cities with large
bodies of water (i.e. seas and oceans), waves
and tides can be used to generate electricity.
The regular and powerful forces of waves in
oceans and seas, as well as tides, can be
used to turn underwater turbines to generate
electricity. South Korea currently has the larg-
est tidal electricity-generation capacity in the
world. It also has the largest plant with a ca-
pacity of 250 megawatts. At the moment, it is
building another plant with a planned capacity
of approximately 1,000 megawatts. Russia
has also proposed building massive tidal
plants; however, at this stage they remain
proposals only.

wnudwyny dnynwd £ gbinup wnnwly, npinbn unphg
atnp £ pGpnud Unyu gGpdwuwnhéwun:

Wuwhuny, wju ghyp pwpapwglnid £ 2pgwyuw
sGpndwuwnhdwup -8°C-hg uhug 10°C, wjuphupl®
18°C-ny: Lpwgnighg EuGnghwl, npp ywhwlg-
ynw £ gtnnigynn wmwpwédph gbpdwunhdwlp
Jhugle sGpdwjhu inBuwybnhg hwpdwpwybun,
ophuwy® 25°C nwpaubnt hwdwp, 15°C E: Gp-
Ypwebpdwjhu Eubpghwl oguwagnpédbint nbw-
pnid wuhwdtdwwn wybh phs EuGpghw £ wu-
hpwdt2wn gEpdwunmhdwup 15°C-ny pwpépwg-
ubinL hwdwn' pwu oginwgnpétiny ElGYnpwyw-
unrpynil, Lbwype, JwrGiwhwin Jwd puwlwl
qwq: Grtbt stpndwjhu yndwyny Gpypwebndwjhu
EuEpghwu sh oguwgnpéynid, www EGYnpw-
ywuntpenitup, bwdep, yunbGiwthwjnp Yud puw-
Jwl qwqgp wtwp £ pwpépwgltl sGpdwunhbw-
up 33°C-ny (-8°C -hg Uhug+ 25°C):

Qnjniejntl nluGU  unnpgbunUjw  gbpunLEjwU
ynpgdwu nwpptbp Gnwuwyutp: Aepwéd upuk-
Jwubpp UuGpywjwgunid U npwlughg Gpyniup:
Unwohunid Yppwnyntd E uinnpgbunujw funnn-
Jwyutph hnphgnuwywu nGnwnpnd pwg ufub-
dwjny: Ujntunwd UGpYwjwgywéd £ punnnjwyut-
nh ninnwaéhg wnGnwnpdwu wnwppbpwyp, wju-
wbu Yyngywd® thwy upubdwyny:
Uwiynpupwgnipntl/wihpubp. Wju  pwnwplt-
nnd Ywd Gpypubpned, npnup gunuynid Gu fun-
2nn opwwnwpwoéputph hwplbwunipjwdp (opp-
uwy® éndbph L oyyhwlunuubkph), huwpwynp E
wihpuGph U dwyplpwgniejwl Eutpghwih og-
tnwagnpéndlu ElGYwnpwtltpghwih wpunwnpnt-
pjwlU hwdwn: Oyyhwunuh ywd énytph Ywln-
Uwdnnp nL hgnp wihpubph nudp, huswybu Lwl
JwypUpwgntpejntup, h ypdwyh GUu wwnwnbine
unnpgpjw nnpphuutppt wjuwhuny wpnwnnk-
(ny ElGyunpwtutpghw: LEpYWNLUU Swpwyw-
Jhu UnpbwU wohuwphnid wnwewwnwnu £ wjn
puwgwywnnid W nnuophunwd £ Oyyhwunuh k-
hnwuhjwywu EuGpghwl ogunwagnnpénn wdtuw-
hgnp EuGpqwywjwupubpp: Wuwnkn £ gnpénud
w2huwnhh wJdGUwhpun2np EGYNpwywjwup 250
Udwn hgnpnipjwdp: 3wpwydwjhu YUnpbwu yuw-
nnignud £ Lu UGy ElGYunpwywjwu 1,000 Udn
hgnpnipjwdp: Nnuwunwup Unyuwbu Spwg-
pnud £ hgnp Jwyplbpwgwjhlu YJwjwuh Ywnne-
gnud, npu wnwjdd Jhwju wnwewnpynrpjwl
thnepned E:

UGLuwawg. Opqwlwywlu UnLetph pwjpw)-
JwU plupwgpntd, Gnp pwywntpphwubph dhgngny
wuwknpnp fudnpnud £ inknh nluBuncd, wuswn-
ynd GU UGpwlU wwpnibwynn quaqtn: UGpwlup
ywptlh £ hwjwpt] W wptl eGpdniejntl wn-
tnwnnGing,  2ngh Jwd  EGYunpwywunieniu
unwuwnt hwdwn:
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Biogas: When organic material decays, par-
ticularly when anaerobic digestion by bacteria
takes place, gases are generated. Methane is
the main gas generated and can be harvested
and burned to generate heat or, via steam,
electricity.

Biogas is used in many different applications
worldwide. In rural communities, small-scale
digesters provide biogas for single-household
cooking and lighting. China alone is estimated
to have 8 million of these systems. Large-
scale digesters provide biogas for electricity
production, heat and steam, chemical produc-
tion, and vehicle fuel.’

The types of waste often used for generating
biogas include animal waste, vegetable waste,
and even organic municipal waste. In Arme-
nia, methane is only harvested from the Nu-
barashen landfill; however, this methane is
not used as a source of energy as originally
planned. Instead it is burned, which converts it
to CO,. As for biogas plants, one was built in
the Lusakert poultry plant (although, as of Ja-
nuary 2013, this plant has not been in operati-
on).

Un YEuuwpwlwywu gquql oguwagnpéynid E
wupnng w2htuwnphnd wnwpptp bwwwmwyubph
hwdwp: Qninuywl puwywydwipEpnud thnpp
fudnphsutpu wpunwnpned GU YELuwaqwq' funhw-
ungwjhu wwhwugutnh pwywpwpdwl Ywd |nL-
uwynpnipjwU hwdwn: Uhwju 2phUwuwnwunid
wjnwhuh ntnwywjwupltnh phyp 2nipg 8 UL E:
funonp  YEuuwagquwaquwjhu pudnphgutbpp YGuuw-
gwqlu wpwnwnpnud U ElGYwnpwywu Eutpghw,
stpdnienLl, 2ngh wpwnwnpbnt ywd phdhwywu
UjnLetn nL wywnndnphiwihu ywnbhp utnwuwnt
uwwwnwyny’:

UGLluwqwagh wpunwnpniejwl hwdwn hwéwhu
whwnwuh GU YEunwLwywu, pnruwywl, pwnw-
pwjhu W Unyupuy YEUUWPpWUWHWU pwhnUUG-
np: Iwjwunwunwd YGuuwagwaqp hwywpynid t
Jhwju LnipwpwtUuh wyhun yGugwnwihu pw-
thnuutGph wnpwywjpnid, uwlw)u wnw)jdd sh og-
mwagnpéynid npwbu Eubpghwih wnpnip® hug-
wbu h uygpwut npn2ywé En: UELUWqWQqU wjp-
Jnud £, nph wpnyntupnud utnwigynid £ CO,: hug
JGpwptpnud £ YGUuwgqwaquwihu EGYnpwywjw-
uplu, www wju Ywnnigyt] £ Lnuwybpnnud W
oguwagnnénd £ prsuwpnibwywl dwpphlwih
rwhhnuutbpp (sUwjwd, np 2013R. hnLtujwnhg sh
2whwagnpéynid):

Biogas technology: a small biomass digester in a farm

YUGLuwgqwagh unwgdwl nGutninghw. YEuuwgqwugywéh fudnpdwl thnpn Yujwl gjntnwlwl inbinGunteiniuncd

" “Renewable Natural Gas (Biomethane)”, accessed March 2013, http://www.afdc.energy.gov/fuels/emerging_biogas.html
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Anaerobic digestion component of biogas plant in Lubeck, Germany

Municipal Solid Waste Incineration: Some mu-
nicipalities incinerate their waste to generate
heat. This heat is then either directly sent to
buildings or is used to generate steam that
turns turbines for electricity generation. This
process reduces the volume of waste by 70%,
reducing space needed in landfills.

There are small-scale incinerators that can be
placed in buildings or moved around by auto-
mobiles. There have been attempts to recover
heat for use in buildings or at the community
level. However, emissions control and high
capital costs are key concerns.®

Solid waste incineration for energy harvesting
is not the same as burning waste in the back
yard. It is a highly controlled process that re-
quires sophisticated equipment and trained
personnel. The by-products of incineration
include gases, ash and other particulates that
can be very harmful to environmental and
human health. The pictures below show the
inside and outside of an incineration plant in
Austria, a country with advanced capability in
this arena.

Environmentalists have criticised controlled
incineration as wasteful. They argue that in-
cineration takes valuable resources, full of
recyclables and nutrients, and turns them into
ash, which does not help create a closed-loop
economy. This is an economy where we re-
turn materials and nutrients to manufacturing
or agriculture for which we would traditionaly
have no use. The argument follows that a
closed-loop economy will reduce the strain on
the natural resources of the planet.

Biomass/Biofuel: Biomass refers to a wide
variety of solutions and technologies, ranging
from burning wood to using algae to generate
methane to grow corn or sugarcane for etha-
nol production. Most of these, however, have

LGLuwgnpSwnpwUuh wuwknpnp udnpdwU nGnwywjwupp (LjnLpGY, @Gpdwuhw)

Pwnwpwihl whun pwithnUlUbp, wipnid. Npn?
puwywywjptpnd yGugwnwihu wyhun pwinu-
ubpu wjpnud Gu eGpdniejntl unwlwint hw-
dwp: Upnwnpwdé gtpdnienitlu wjbunthGunl
ywd wudphpwwbu ninnynd £ nGwh 2Gupkbn,
wd oguwgnpéynid 2ngh wpwnwnpbint hw-
dwn, npp wyunwnnwd E innupphuutpu ElGYnpwk-
ubpghw wpunwnptint bywwwyny: Wu nbu-
uninghwtu huwpwynpnipntt £ wwhu Jphugl
70%-ny ynpdwwnb| pwihhnuutph Swywukpp,
wjuwhuny® Ypdwwnbiny bwl npwlup punniunn
wnpwywjptph hwdwp wuhpwdbwun Jwybptu-
utpp:

Qnjnieintl nLlUELU thnpp wnpwjphgutn, npnup
ywpnn U nGnwnpytl 26upnud Ywd wywnndt-
pGUwjh Jpw® npwbiu intinwwndynn wnpw)nhg:
LYwuwnwnyby GU thnpdbp wnph wjpdwlu plupwg-
pnud wupwwnywé gbpdnipjwl’ 2EUph Ywd hw-
Jwjuph Jwywpnwyny, ogunwagnpddwl nLnnnt-
rjwdp: UpwnwubGwnnwdubph Uwwndwdp huyn-
nnLejwl nudbnwgdwu wwjdwuutGpnud W, hwwn-
Jwwbu, uwppwynpndubph pwpép quh Wwwn-
dwnny wnwjdd wju bwhiwdbnunientll nw-
pwdnLd sh gununtu®:

QtpunieinLtl unwuwnt bywwnwyny whun pw-
thnultph wjpnudp ¢h YupGih nhinwnpytl npwGu
nwl pwynd pwithnuubph ninnwyh wjpnd:
Aw puuinnptBU huyynn gnpépupwg £, nph hpw-
wlwgnup wwhwUgnd E Jwunwpbuwgnps-
Jwé uwppwynpnudubn W pwpdp npuwywynp-
JwU wudbwywaguh wnywjnieniu: Wn gnpédpu-
rwWgh GUupwwnqwuhputpp® quqtipp, Unfuhpp
ywd wyhun dwuuhyubnp, ywpnn GU juhun Juw-
uwlwp wqgntgniejntt ntuBuw] Jwpnnt wnnn-
gnipjwl W 2ppwlw Jhgwywjph ypw: Uwnnpl
pEpdwd Lywpubpnud YupBlh E wmBulb wnph
oginwhwludwl putwgwywnnid wnwewynp nhp-
ptpnud gwuynn Uh Gpypnd® Wduwnphwgned,
yuwnnigywd wnpwjpdwUu gnpéwpwuh UGpphu L
wpwnwphu ywwybpubpp:

® Wes Stein and Lasse Tobiasen, Review of Small Scale Waste to Energy Conversion Systems, Paris: IEA Bioenergy Task Force, 2004.
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little relevance to architecture or urban plan- Auwwwhwwulubpp fuhun pUUwnwwnnid GU wju
ning. That said, readers are encouraged to learn wnbGhuuninghwt'  hwdwpbind  Jwununnwywu:
about these solutions on their own. Lpwup wunnid GU, np pwhnUubph wjpnwdp
ngusgwgunwd £ npwugnid wwpnibwynn 2w

Incineration can be at industrial scale (top 2 photos) or small wndGpwynn Ujnietn, npnup ybp £ wénud dnfu-

scale (bottom photos) nh, wju nEwpntd, Gpp Yupnn GU oginwhwuyti:

- Lpwup wunwd BU, np wjnwhuh Jnwnbgnidp
RNyl ¢h wwihu unbndtl wwphwy 2pgwlw-
nnLejwl inuwnbGunie)nil, npnd wpnynltbwpbpw-
Jwlu L gninuunbnbuwlywl wpnwnpnienLu-
uGpnud npwtu hnudp oguwgnpénud BU wju
wdtlup, hugp Utq hwdwp wpnBU nwnpatp £ ng
whwnwuh: Ynwhuh ywpthwy nlbnbunce)ntup
yynpdwwnh perujwédnieintup  Jdp  dninpwyh
puwlwl nGunipuutph ypw wunnd GU plw-
wwhwuwuubnp:

YGLuwgwlgywéd U YGuuwywnbihp. UGLuw-
quugywél pungpynid £ huwpwynp nLénidut-
nh W wbGpuuninghwubph wju 2ppwuwyutp
ujuwéd thwjnwlyniph wjpndhg, JGpwlU unw-
Uwint hwdwp ¢phuninutph ogwwagnpéniuhg
Jhuslw Gghwywnwgnpbuh W 2wpwpbntguh Jpw-
yndp tpwlunth wpunwnpnipjwl Uwywwnwyny:
Unwyt] Wwu, npn wjn pninp bwwwmwyubph JG6
Jwul wnwUdbwwbu hEwnmwppppnieinLu sh ukp-
ywjwgunwd dwpunwpwwbwnnipjwu Jwd pwnw-
pw2hunipjwl pbwqwywnutph hwdwnp: Cuptp-
gnnutpu hptug LwhiwébnUniejwUp Ywnnn Gu
Swunpwlw| wjn UjnLEetnhl:

Eutpghwjh yEpwlywlqlynn wnpjniptph nkhutp-
Juwlywlu wuwytywnubpp

Lwhiwgénnutpp wtwp £ ghnwygtu, np wJdtu
(nténd nluh pE npwlwl, RE pwgwuwywl
ynnutn: Lwhiwagdnnubpp, Swpunwpwagbunubnp
UL pwnwpwlwl npn2nd Jwjwgunnubpp wbwnp
E quwhwwbBl jnipwpwlgintp npnadwu  hGwn
uwwywsé ognuinubph W Swhuubph JGénienLu-
UuGpp W Ywjwgutu hwdwpyutpny hhduwynp-
Jwd npn2ned:

LY. 4-nud ppwéd BU yEpwywuquynn Eubpgk-
inhywjh ytpp hhpwunwyjwsé innwpptp nkhuun-
Lnghwubtph lnGhuuhywywl wnwybniLentultbnu
nL pGpnie)nllltpp: UGp nwupUpwgh Uww-
nwyubphg GuGiny' bwhiwgsh nGpuuhywywl
hpwannéGhniejntup bwhu W wnwye hw)yh
wbtwp £ wnuh wnGhuuninghwih Yhpwndwl qb-
pwlywjnieiniup 26UpGpnd nL 2huntentluGnnid
L ng _EG gwlugwjhu EuGpgGunhlywjnd:

Ujpnidp Ywpnn £ huG wpnyniuwpBEpwwl dwupnmwpltph
(Jeplh 2 uywnputpp) Ywd thnpp dwuinnwpltph Ukpplh
ujunutn)
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Technical Considerations for Renewable Energy Solutions

Designers have to recognize that any solution has both technical advantages and disadvantages.
Designers, engineers, and policy makers are expected to weigh the benefits and costs of each
solution and make a calculated decision.

Figure 4 summarizes the technical advantages and disadvantages of the various renewable technol-
ogies discussed above. For our purposes, technical feasibility primarily refers to the ability of using
these technologies in the building and non-utility-scale urban planning context.

Renewable .. Technical

Solar-thermal
collectors

Solar photo-
voltaic panels

Flat panels or evacuated tubes use
solar rays to heat water and spaces

Panels that convert solar rays into
electricity

Using wind turbines to generate

- On overcast days or at nights, low or no supply (intermittent
supply)

- Requires storage or hybrid solutions with gas, electricity, or
other sources to provide a continuous supply of heat

- Space available on buildings and relation of available space
to the sun are factors in total capacity and efficiency

- Requires storage of excess electricity or the ability to sell
excess capacity to the larger electricity grid

- On overcast days or at nights, low or no supply (intermittent
supply)

- Space availability on buildings and of available space to the
sun are factors in total capacity and efficiency

- Advances in integrating PVs into building envelope

- On non- or low-windy days, no or small supply (intermittent
supply)

Wind -~ - Problem with intermittent supply is mitigated by placing wind
electricity ; . X e
turbines off-shore. This, however, requires utility-scale
investment
- Small and micro hydro may be an option for building and
H Using flow of water, turbines to urban designers to consider, although no ready-made
ydro o . - o .
generate electricity technologies exist as most buildings do not have direct
access to regularly flowing water
Accessing the cpnstant or high Requires earthwork, excavation or drilling
Geothermal temperature of soil or water under- In ol ith hard-t K bt diti t
energy ground to capture heat or generate = " %aces r\mNtI>t ard- O'][OC Y S:JI er:anear:hcon |||ons, costs
electricity may be prohibitive even for small-scale geotherma
Employing turbines to generate - Salt water in seas and oceans can be corrosive to metal
Tidal/Wave electricity though tidal and wave parts, thus requiring heavy maintenance
currents - May not be technically feasible for building-level use
Biogas Capturing and using gas (methane) - Adequate supply of organic matter should be secured

Municipal solid

generated through the anaerobic
digestion of organic matter

Burning of MSW to obtain heat for

- There are seasonal variations, as anaerobic digestion slows
down in the cold

- With paper and plastics being increasingly recycled, the
“burnability” of waste is reduced

waste (MSW), either direct use or generation of S . it d itori . | b
e electricity - Securing permits and monitoring emissions control may be
complicated
Refers to a wide variety of solutions
Biomass from wood burning to generating - Various
methane from algae
Special type of biomass where eth-
Biofuel anol or other biofuels are derived - Requires agricultural land, competes with food

from corn, sorgum, sugarcane, etc.
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FUTURE OF ENERGY

Outlook of Sources and Industry Trends

Projections by the International Energy Agen-
cy (IEA) suggest that world energy consump-
tion is expected to increase by 50% in the
coming three or four decades (from 2007 to
2035).

The growth in demand is expected to come
primarily from developing countries. IEA’s es-
timates suggest that the total energy demand
in non-OECD countries (developing econo-
mies) may increase by 84%, compared with
an increase of 14% in OECD countries (devel-
oped economies).

The growth in total energy consumption may
be explained by both the economic growth of
poorer countries like China, India, and Brazil,
as well as the continued growth of the global
population.

Historically, economic growth has required
parallel growth in energy consumption, i.e. the
rates of growth for economies and energy
consumption have been more or less the
same. This picture, however, seems to have
undergone a change since the 1960s (Figure
5).

Since the 1960s, economists have observed
that energy consumption, while growing, is
growing slower than the world economy. To
measure how intensively an economy relies
on energy, economists use an indicator called
“energy intensity”. Energy intensity is defined
as the amount of energy used per amount of
GDP produced (i.e. energy use/GDP). In the
global economy, the denominator (GDP) has
undergone growth faster than the nominator
(energy use).

EuvGrahush UMUQUL

Unpjnipubph b wpnnibwpbpwlwl dhnnwdutph
wlylbwpy

Eutpghwjh  Jhpwaquipl  gnpéwywinipjwl
wuhiwwnGunwdubpny  EuGpghwih  uwwnnidu
wo2iuwnphnud  wnwehyw GpbGp-snpu tnwuliw-
Jjwyutbph (2007-2035p.) pUupwgpnid Yuwybiw-
Uw 50%-ny:

Ywlupuwuwntudnid £, np wwhwUswpyh wytiwg-
Jwl hhduwywlt wwwdwnp Yhwunhuwlwl
qupqwgnn Gpypubpp: 3wdwbdwju gnpdwlw-
(NLEjwlU guwhwwnnidutph® SunGuwlwl hwdw-
gnpéwygnipjwl L qupgwgdwl Juwqdwytp-
wnrpjwl (S324) wlunwd shwunhuwgnn (qun-
quwgnn) Gpyputpnid EUEpghwih wwhwlgwnyp
ywdh 84%-nd, wju nGwpnid, Gpp SI2Y wunwJ
GnpyputGph wwhwUswnyh wép Yyuwguh 14%:

Eutpghwjh punhwunip uywndwl wép YwpGh £
pwgwwntl hugwbu wyblh wnpww wjuwhuh
Gnynputbnh, huswhuhp U QpUwuwnwup, Iunywu-
tnwup W Ppwghhwl, nmunGuwywl waény, wju-
wbu £ w2huwnhh puwysnipjwu 2wpnitbwyynn
woény:

Mwwndwywunptlu hwjnuh E, np lnunGuwywu
woép gniquwhbGnwpwp ywhwugnod £ EuGpghwjh
uwwndwl wd: Wuhupl' wnunbuwywlu wbh
ntdwbtpp W EuGpghwh uywndwl wbéh wnGU-
wbtpp thnpphwwnt Unwin Gu Gntp Jhdjwug: WUjn
wwwybpp, uwlwjl, uyubp E thnpuytp 1960-
wywl pwlwuutnhg uyuwds (LY. 5):

SumntGuwgbwnupp Lywwnnb Gu, np wjn pYwyw-
uhg ufuwé, sbwjwd EubGpgwuwwnnidp 2wnne-
Lbwytb, £ web, uwywu wytbh gwén nbdwe-
nny, pwlu hwdwhuwnphwihu wnuwnbuncpniup:
Sunbunipjwl  JwhijwoéniejwlU  wuwnhdwll
FuGpghwihg punipwantint hwdwp nunbuw-
gbGwnutpp Juingptp GU Jh hwulwgnipinilu, npp
yngynid £ EUGpqunnwinnip)nLu:

EuGpgwwwpnienlup EuGpghwjh dwhuul £ hw-
Jwhuwnu UGpphU wnpnynituph Jhwynph uwntné-

dwlU ypw (wjuplpl® oginwagnpédwd Eubpghwu/3LY): Wuwhuny, hwdw2puwnphwjhu inuntGunte)nt-
unwd EuGpgqwwnwpnieintt hwulwgnipjwl hwjnmwpwpu (wjuphupl® ILU-U) wék] £ wyth wpwg,

pwU hwdwphgp (wjuhupU' EuEpghwjh uwwnnedp):
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There are several factors that explain the
lowering of the energy intensity of the global
economy:

a) Energy efficiency in all sectors has been
continuously pursued. Following this path
was reinforced for many Western coun-
tries with the Oil Crisis of 1973, when
many of these countries faced severe en-
ergy shortages. Subsequently, they have
been working aggressively to improve the
energy performance of their economies.

b) Advanced economies have been shifting
to services and information sectors and
away from energy-intensive manufac-
turing.

While lowering energy intensity is a good ob-
jective to pursue, one must be careful in draw-
ing conclusions about countries simply based
on their performance or their energy-intensity
indicator. The energy intensity of an economy
is not simply dependent on the energy
efficiency and sectorial mix of the economy,
but rather the overall development of the eco-
nomy. Climate also has an impact on overall
energy use.

Scandinavian countries, for example, with
long, cold winters may use more energy for
every unit of GDP than a region in southern
Germany, even though the industrial mix and
efficiency of their equipment may be the
same. Figure 6 shows the energy intensity for
EU and associated countries both for 1998
and 2008. It is more meaningful to compare
the changes within a country from year to
year. Comparing across countries should be
done carefully.

1900 1910 1925 1950 1975 2000

Rwdw2uwphwhb nuwnbunipjwl EUEpgwwnwn-
nniejwl Ujwagnudp pwgwwpynwd £ Jh pwlh
gnpénuutpny.

w) nuwnbuntejwl pnnp dynenGpnud wupunhwwn
pwnépwlunud £ EuGpquuwnpnnibwyGunnt-
prinLtup: Wu ntnhu pnubp GU 2wwn wpldnjwu
Gnyputp, npnup 1973R. Lwypw)hlU nwdwu
dqUuwdwuh hGinlwlpny Ywuqut| Ehu Eutn-
ahwjh untp ywywuh wnel: IGnwaquynid
wjn Gpynutipp swlptn gnpdwnptghu hptlg
wnuwnbuntejwl EuEpgGEwnhYwywu wpnntuw-
JGunnipjwl pwnpépwgdwl ninnnipjwdp;

p) wnwewynn wnluwnGunientllbpp Yynndunpno-
Jtghu ntwh uwywuwpydwlu L nbnElYwwn-
uwywl Swnwjnipjntllbph ninpnubp’ he-
nnL Juwiny EuGpgwwnwp wpunwnpnipnil-
utnhg:

Uuywulwé, inuinbunipjwl EuGpquwnwpnLejwu
yndwwndwlu ntnhu gnytih £, wjuntwdtGuwjupd,
wuhpwdbywn £ ggnrpwlw] UGhuwuhynptU onh-
bwy JGpgubing gwép Eubpgwunwnniejwdp
odinjwé nuwnbuncejniulubpny Gpypubph Eutp-
gwwwpnipjwl gnigwlhzhg: NplLE wnuwnbBunt-
rjwl EuGpgwwnwpnientup Jhwuwlwly Ywiu-
Jwé ¢£ Jhwju EuEpquwpnynibwybnnip)niuhg
L wnuwnbunigjwlU npnpunwiht Ywnnigywédphg:
Suwnbuniejwl  hwdpunhwUunip  qupguwgnidp
thnpp-hUg mwpptip £ Gpynph Yihdwjwlywl ww)-
Jwuubtpp Unyuwbu wagnnud U EuGpghwjh pun-
hwuntp uywndwl Yypw:

Ophuwy® Uywunhuwywl Gpypubpp, npnug
punpn? BU Gpywpwnl nL gnipin édtnlutn, Yw-
nnn GU jnipwpwlginip Jhwynp 3ILU-h Ypw
6whuub] wybh wwn Eubpghw, pwl hwpwyw-
jhu AGpdwuhwih npuk 2powl, GrE Uniuhuy
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inunbBunipjwl qupgwgnn §nunGph hwdwygnipjwdp W npwugnid 2whwagnpéynn uwnppwyn-
pnudubph EuEpquwpnynilwyGnnipjwdp Uhdjwlghg s6U tnwppGpdnud: LY. 6-nud wwwnybpywé £
Sdpwuhnipjwl b wunghwgywé Gpypubpnid inunGunie)nlluGph EUGpgwwmwnnLejwlu gnigwuhy-
utpp 1998-2008prre. Uhswlwjpnid: Unwyb] oginwlwp £ hwdtdwwnnientuubpp Ywwnwnb nplke dh
EpUnph hwdwp® mwphubph pupwgpnid: Swppbp Gpypubph wuwnbunieniuubph EuEpgwwnwpnt-
p)nLULEPh hwdGdwwnwywu yGpnwdnientup wybwnp £ yuwunwnt] wdtbwju qgniniejwdp:

Figure 6. Energy intensity and changes for EU and associated countries
Source: European Environmenal Agency, EU, 2011
Note Former Eastern Bloc or Soviet countries in bold font

*) Energy intensity defined as total energy use/GDP

EU-27 130 109 0.84 GU-27
Belgium 166 129 0.78 REIghw
Bulgaria 781 295 0.58 PnLinwphw
Czech Republic 418 295 0.71 Q26upw
Denmark 92 81 0.88 Qwlhw
Germany 114 99 0.86 QGpJwlhw
Estonia 474 295 0.62 EuwnnUpuw
Ireland 108 89 0.83 bniwunhw
Greece 143 113 0.79 Intbwutnwlu
Spain 125 119 0.95 huwwUuhw
France 113 95 0.84 dpwluhw
Italy 106 101 0.95 hunwhw
Cyprus 168 147 0.87 Uhwnnu
Latvia 465 281 0.60 Lwwyhw
Lithuania 367 221 0.60 Lhnnguw
Luxembourg 171 147 0.86 LnLputUpnipg
Hungary 335 255 0.76 3nLtugwphw
Malta 78 100 1.28 Uwipw
Netherlands 131 105 0.80 LhnGpiwunutp
Austria 118 110 0.93 Ujuwnphw
Poland 352 240 0.68 LEhwuwnwl
Portugal 143 139 0.97 Mnpunnigwhw
Romania 651 377 0.58 NnidhUhw
Slovenia 219 174 0.79 UinyGuhw
Slovakia 484 300 0.62 Urndwyhw
Finland 201 155 0.77 dhujwunhw
Sweden 146 102 0.70 cybnhw

UK 101 77 0.76 Ul

Turkey 177 176 0.99 fenLpphw
Iceland 214 n/a n/a huiwunhw
Norway 105 87 0.82 LnpyGghw
Switzerland 79 69 0.88 &JbGjgwphw
Non-EU EEA 125 120 0.96 Ng GU Gpynukp

(*) EuGpgwwnwpnie)ntulu hpgGuhg UEpYwjwgunud £ wdpnng EGuqwuwwndwl L ILW h hwpwpbpnip)niup

Lonud* Lwhuyht Uplywu pinyp Ywd junphpnwiht Gpyputpp Uepyuwjwgywéd U pwy tnwnwntuwyny

Unpjnip® GUpnww)h plwwwhwwlwywl gnpdwywinipnil, U, 2011p.

Ljuwnp 6. EuGpgwwnwpnipyniup b EuGpgwwnwpnipjwl thnthnfunipynitup Gypwdhnipjnitunid b wunghwgywé
Gpypubpnud
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Module 1: Sources and uses of energy in the built environment

Despite overall improvements in the energy
performance of the global economy and the
individual economies of many countries, the
fact remains that aggregate consumption is
expected to increase substantially. Moreover,
this growth is expected to be fueled by coal,
gas and petroleum for the next 30-40 years at
least.

Figure 7 below shows the share of energy
sources in the world for 2008 and compares it
with projections for 2035 under three different
policy scenarios as presented in the Interna-
tional Energy Agency’s World Energy Outlook
2010.° Readers are encouraged to review the
details of these policy scenarios for them-
selves. All the scenarios indicate that fossil
fuels (coal, petroleum, and gas) will remain
the dominant source of energy for the next 25
years, ranging from 60 (Scenario 3) to 80%
(Scenario 1) of total energy sources.

Use of renewable energy sources is expected
to grow rapidly and comprise up to 25% of all
energy sources under Scenario 3. The bulk of
this will be biomass. As discussed above,
most biomass sources of energy create GHG
emissions.

Quwjwé hwdwpuwphwihu wnunbunipjwlu W
pwqUwrehy Gnyputph tnbuwntGuncenluutph Eutp-
gwuwnryntbwybunniejwl pwpbiwydwup, thwu-
winp Junwd £ thwuwn, np punhwunip EUEpquuwwi-
nnidp 2wpnibwynid £ gguihnptU watk: UdGhu,
FuGpquuwwndwl wjn wél wnwehlw wnu-
Jwql BpGp-sgnpu tnwubwdjwyutph pupwgpntd
wGwnp £ pwywpwnyh bwyph, wstuh W pLwlwl
qwgqh uhgngny:

LY. 7-ntd UEpYwjwgywéd BU EuEpghwjh wnpjnp-
utph Ypnwdwubpp 2008p. EuGpghwjh uwwn-
Jwlu hwdwphuwphwjhu  Ywnniguwépnd L
2035p. wUhiwwmbundutpp Gpbp lnwpptp pw-
nwpwywu ugtuwputpny’ Jowyywé Eutpghwih
Jhpwqgquwjhu gnpébwywiniejwu ynnuhg W hpw-
wwnpwyywé 2010p. «Qwdw2uwnhwjhu EuGngk-
nhywjh wwywgwl» ulpuwwnbuntdubpned®: CU-
rGngnnuUENhU wnwewnyynid £ hupunipniju w-
Unpwlw| EUGpgGnhY pwnwpwwuntejwl wjn
ugbUwpubpphlu: QUwjwé pupwghy ugGUwnphu®
hwuwén Jwnthpubpp (wénihu, Lwype, gwq) pw-
pnibwynwd GU Juwyp EuGpghwjh uyqpnitupwihu
wnpjnLnU wnwehyw 25 wnwnnid, npnug Yonw-
dwup punhwunip uywndwl Ywnnigywdpnid
ywpnn £ hwuut] Uhugl 60%-h (puwn 3-pn ugbluw-
nh), ywd Uhugl 80%-h (puwn 1-hu ugbGLuwph):

Figure 7. Share of energy sources in the world in 2008 (actual) and 2035 (3 scenarios)

Source: IEA, World Energy Outlook 2010

2008 (actual)
2008p. (hpwywl)

2035 scenario 1
2035p. ugtluwn 1

2035 scenario 2
2035p. ugbuwp 2

2035 scenario 3
2035p. ugkuwnp 3

| Coal / wénthu

| Oil / uwyp

| Gas / quq

Nuclear / UhgnLywyhu

| Hydro / hhnpn
Biomass
YEuuwqwuuqyuwéd
Other renewables
wj| YEpwywuguynn

0% 25%

Unpjnp® ELGpgGwnhywih dhpwqgwihu gnpswywnnipincl, EUQ

50% 75% 100%

Ljwnp 7. Eubpghwjh wnpjniputiph dwutwpwdhup w2fuwphnd 2008pR. (thwuwwgh) b 2035p. (3 ugtuwn)

All of these scenarios stress the urgency to
continue to develop clean and renewable
energy sources'’. However, it also points to
the need to use energy more efficiently and
wisely. The next two sections discuss these
critical aspects of energy.

Gnpnpn ugbUwpnuwd Gupwnpynwd £ ELGEpghwih
JyGpwywuguynn wnpjnipuGph wpwg wéd LW
EuGpghwjh pninp wnpjnupuEpnud 25% Jwulw-
pwdhu: dGpwywuquynn EuEpghwjh wnpjnip-
utphg wutlwutd Jwulwpwdhu yniuGuw YGu-
uwquwugywén: huswbu wpntu ybpp Lpydb E,

° [EA, World Energy Outlook 2010 Edition, Paris: IEA, 2010, http://www.worldenergyoutlook.org/publications/weo-2010/

'% Students are encouraged to visit the websites http://go100percent.org and http://renewables100.org. These websites explain the
possibilities and make the case for achieving 100% renewable economies.

NruwunnuEphU junphnupn £ nnpynid wygtb| G| http://go100percent.org W http://renewables100.org Ywjptnp, npnup UGpYwjwgunid Gu
hUwpwynpnrejntbutpp bW tnunbuwwtu hhduwynpnwd GU 100% YEpwywuguynn EuGpghwiny Ywphpubp hnquwip:
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YEUuwquwugywséh wnpjniputph UG6 dwup bwl 9Epdngwjhu qugbph wpunwuGunnidubph wnpjnip
E: Wu wdBup unhwnud E 2nunnwithnp YGpwynyg wpwagwglt) EuEpghwih dwpnip W yGpwywug-
uynn wnpjniputph quipgugnidp'®: Uhwdwdwlwy wyn wutlp fununtd £ wjt JwuhU, np wlhpw-
dtow E EuGpghwU ogunwagnpédt] wpnjntbwybunniejudp W uGiwdnnnptu:

ENERGY EFFICIENCY IN THE BUILT
ENVIRONMENT

Generating cleaner and more sustainable en-
ergy is one path to meeting our growing ener-
gy needs and ensuring a healthy and sustain-
able future. An equally, if not more important,
path is to focus on improving energy efficien-
cy. All sectors of the economy have a role to
play in improving the energy performance of
their economies. Transportation, manufactur-
ing, residential housing, commerce, agricul-
ture, and other sectors of the economy need
to make strides in this direction.

As discussed in the section above, efficiency
gains have been made in recent decades on
the global level, especially in developed eco-
nomies. Automobiles use less petroleum for
every 100 kilometers they travel today than
they did 50 years ago. Likewise, most advan-
ced industrial production uses significantly
less energy to perform a unit of work than in
the past.

Buildings are among the largest consumers of
energy in an economy. Thus, considerable
focus is placed on improving the energy
performance of buildings. These im-
provements can be gained by either retrofit-
ting existing buildings or incorporating effi-
ciency measures into new buildings.

The benefits of improved energy efficiency are
seen at all levels: individual or household,
economic, national, and international.'’ Below
are a few advantages, especially when cou-
pled with reliance on local, renewable energy
sources such as the sun, wind, hydro, and ge-
othermal:

1. Increased energy security and indepen-
dence. This is accomplished by reducing
reliance on geopolitically and economically
volatile world markets for inputs such as
natural gas and coal.

2. Availability of savings and capital that
would otherwise have to be spent on
energy costs or new generation capacity.
Increasing energy-generation capacity is

Everquurasnuudssnie3ntue G4y
uuraushu UhUYU3Nre

Uwpntp b Yuynu EuEpghwjh wpunwnpniejnitup
Jheng E, npp ypwywpwph JGp wénn EuGpgGunh-
Jwywu wywhwlsutpp W ywwwhnyh wnnng no
nbwywl wwwaw: UGY wj Ywplnp, Get ng
wJutbwywplnp  nunpbu  EUGpgqwwpynibwyb-
nnLRjwl 2wnpnibwlywlywl yuwnwpGiuwagnpdnidu
E: SunbuntpejwU pninp dnuntGpp nGp nluGu Jben
inuwnbGuntejniuutph EuGpquuwpnniuwytGunne-
rJjwU pwnénpwgdwU Ute: Spwluwnpwnp, wprynt-
UwpGpnipiniup, hwuwpwlywywu W wnlinpwjhu
uGywnnnputpp, gjninwnuntbunipntup W nlunb-
unLpjwl wjl §nnbpp wbwp £ wutu b wunwd Gu
huwpwynphUl wju nLnnnLEjwUp:

hUuswGu wnpntu UpyL| E bwhunpn pwdlncd, wpn-
jntbwyGunnipjwl pwpépwgdwul nunnywsé swl-
pbnUu wyluwnnt GU nne hwdwhuwnhwjhU tnnuwnt-
untpjntunud b hwwnywwtu qupgugwé Gpynub-
npnid: UgunndGpGuwutpp 100 yJ Jugph hwdwn
wjuon Swhuuncd GU wybh phs Juwnthp, pwl 50
tnwnh wnwye: Lnuyup Ywnbh Ewub] wnwewynn
wpnniuwpGpwywl dGnuwpynipinilutph Jw-
uhU, npnup Jhwynp wpunwnpwuph untnédwl
hwdwp uGpywjnwdu Swhund Bu wytGlh phs
EuGpghw, pwl bwhuyphuntd:

Chuwpwnniejntup (npp thnpphownt hwdwp-
dtp £t hwuwpwywywu b wrliinpwihu uGyunnnp-
utpphu) Uph ywplnp Jwulwyhg E: SGupbpp W 2h-
unrpyntuubpp gunudnd Bu EuGpghwih pun2np
uwwnnnutnh rpyned: CEuptph W 2hunie)nLtultnh
EuEpgGunhy  wprnynibwybnnipjwl  pwpépwg-
Jwu fuunhpp ywplnpwantu pulnhn £: SGuptiph
EuEpquwpnynibwyGunnieniup Ywpth £ pwné-
pwgut] Ywd npwug yGpwunpwgdwl dhongnd,
wd LUwhpwgédwl W Ywnnigdwl thnytpnud
EuEpgGinhy  wprnynibwydBnniejwl  pwpépwg-
JwUu Jhgngwnnidutnp hwoyh wnubiny:

EuGpgwwpnnibwybunniejwl pwnépwgdwu
wnwybnipintububnp nhunnwnpyynid Gu pninp Jwi-
Jwpnwyutpnd® Jwpnnt jwd wnUwjht nunk-
unLpjwl, §jnLnwjhu tnnunbuntpjwl, wggwjhlu W
Uhswaaqwihtu': Unnpl ptpdnid £ wjn wnwyt-
LnLpjnLuutGnh npn2 Jwup, hwnuwwbu wjuwhup-
utnp, npnup htuynd GU bwle LnEnwywu YyGpw-
ywuquynn nGunitputtph® UpbGgwyh, hnndh, hhn-
nn W Epypwetndwjphlb nGuntpuutph ypw:

" Lisa Ryan and Nina Campbell, Spreading the Net: Multjple Benefits of Energy Efficiency, Paris: International Energy Agency, 2012.
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Module 1: Sources and uses of energy in the built environment

very capital intensive, capital that can be
invested in more productive sectors.

3. Reduced impact on the natural envi-
ronment and the planet’s health. Most en-
ergy generation relies on non-renewable
sources of energy, particularly fossil fuels
(coal, natural gas, and petroleum). Not on-
ly is the extraction and processing of these
resources harmful for the environment, so
is their use (more details on this will be
discussed in Module 2.)

Hard, rigorous financial analysis by McKinsey
& Company shows phenomenal returns on
investments in the energy efficiency of build-
ings."? Its analysis shows that the present val-
ue of savings in energy costs over a 20 year
period is twice the initial investment. Moreo-
ver, additional studies highlight the need to do
more to mobilize investments in energy effi-
ciency13, i.e. while the returns on investment
are high and evident, people/companies do
not necessarily invest.

This is a topic for policy makers and regula-
tors. Module 3 will present some of the policy,
regulatory, and voluntary actions taken by
governments and trade organizations (such as
institutes of architects, building councils, etc.)
around the world to advance energy efficiency
and adopt clean energy.

Where to save energy in buildings?

What should be the focus of energy efficiency
measures? Should it be lighting, water heat-
ing, cooling, refrigeration, or some other func-
tion?

Answering such questions requires data on
use patterns and the energy intensity of
equipment and machines in buildings, data
that are often lacking and expensive to col-
lect. It may, however, be useful to look at data
that are already available for other countries.
The US Department of Energy collects similar
data for the entire country every year.

Undoubtedly, each country has its own energy
use characteristics depending on climatic and
cultural conditions. Since the US has a wide
variety of climatic conditions (and arguably
diverse cultural conditions), the totals for that
country may be representative or average on

1. EuGpgqbunhywywl wuynwlugnipgjwl W wl-
Jwhuntpjwl wunhbwuh pwpapwgnid. npwu
ywnpbh £ hwuub] ypdwwnbiny Yuwpudwént-
rintup pwnwpwywlwwbu b nunbuwwbu
wulwjntt hwdw2puwphwihu 2nLywlbnhg,
huswhuhp GU pLwlwU qugh b wétuh 2ntyuw-
utnn:

2. hUwjnnnipejntlltph W wwhwnwih wnuophu-
Jynn wwwpubph  wnlwjnipiniu, npnup,
wuhpwdbwnnigjwlu nbwpnid, wbwp E
SwhuudbU EubEpghwjh dGnppbpdwl Ywd Unp
wpunwnpwywu hgnpniejnillbph  unbnd-
JwlU hwdwp® Eubpghwjh  wpunwnpuywu
hgnpntpejntllubph wytwgnidp fuhuwn Yuwp-
nwiwwnwnp £, ywwhwwy, npp wpnn Ep
utpnpybl wy, wyblh wpmynibwybn ninpun-
uGnnud:

3. Ugnbgnipejnitup puwywlu dhewywinh W dnin-
pwyh wnnnentejwl ypw. wpnwnnynn tubn-
ghwjh U6 dwuh hwdwn hnidp GU Swnw)jnid
syGpwywuguynn  hwlwén  nGunipultpp’
Uwypep, plwywl qwqgp, woéncthup: Sppwlyw
Uhgwywjph ynw uwuwlwp wgnbgnipntu
GU pnnunLd ng Jhwju wjn nGunLpuutph wnpn-
Jntbwhwunwdp W thnfuwyGpwnedp, wjlle og-
mwagnpénudp (wyth Jwupwdwul® Unnni| 2-
nLy):

McKinsey & Company ynnuhg hpwywuwgywé
ndjwphu b dwupwynpyhwn hGnwgnunnipntult-
np Jyywynud Bu Gupbph EuGpgwwpnnibwyt-
nnipjwl pwpépwgdwul nunnywé ukpnpnidut-
nh dtundblw| wpwg yYtpwnwpdh dwuhu':
Lpwlg hGunwgnwnnipintuutpp gnyg GU tnwihu,
np nunbujwé EuGpghwjh gnin pepwé wnpdt-
pp 20 mwnpyw pupwgpntd unpnn Eynyuwyh qb-
pwquwugt] bwhibwywl UGpnpnudutph wndtpn:
McKinsey-h L wjng hElnwgnunntpniuutplu wyu-
hwjwn GU nwpéunwd wpnyntbwyBwnniejwl pwpa-
pwgdwll ninnwé uGpnpnudubph wuhpwdtb)-
nntejntup®™: Gpp Ubpnpnudubph JGpwnwpal
wwwhnyynud £ wpwg L wuyGpwwwhnptu,
Jwpnhy hwétwhu wuhpwdtunwpwp s6U hGwn-
unid wjn dwuwwwnhhu:

Uw Uh pbdw E punwpwywu npn2nudutp yujwg-
unnutpph LW ywpgwynpnnutph hwdwn: Unnnt| 3-
nud, wjuntwdBuwjuhy, yubpywjwgytlu Yunw-
Jwnpniejniuutph bW Jwulwghunwgywé yuqdw-
yYGpwnip)nLuutph (huswhuhp GU SwWpLwpwwb-
nwywu huunhwnniinp, funphnepnp W wyu) ynn-
dhg punniuywé Ywpgwynpnn Ywd Ywdwynp

12 McKinsey & Company, Energy Efficiency: A Compelling Global Resource, New York, 2010.
'3 Anuschka Hilke and Lisa Ryan, Mobilising Investment in Energy Efficiency: Economic Instruments for Low-Energy Buildings, Paris: IEA,

2012.
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the global level (or at least for developed
countries).

Figure 8 shows that, in residential buildings,
more than 60% of energy is used to heat
space and water, with space using by far the
biggest proportion. To increase efficiency, wa-
ter and space may offer the most important
points of intervention both in retrofitting old
buildings and in designing new buildings.

Figure 8. Energy use by US residental (a) and
commercial (b) buildings, 2010
Source/UnpjnLpp’ Buildings Energy Databook 2011
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(p) gGnnignid, |ntuwynpnieinil, oph wnwpwgnid, hnjwgntd,
onwthnfunteintl, uwntgnud, EGYnpnuhyw, ullnh wwuwn-
pwuwnnwd, hwdwlwpghgubp, JUGennwpwlwlwlu &2gnpunnid-
uen, wjy

Ljuwnp 8. Eukpghwjh uywrenidp UUL-nLd puwyt-
th (w) bW hwuwpwlwlwl (p) 26UpGEpnLd, 2010p.
(quipnuy dwdujwph ninnniywdp)

Among energy-efficiency measures in build-
ings, there is a category of solutions that has
gained increasing attention. These solutions
are collectively often referred to as “passive
solutions”. These are solutions that either use

dhgngwnnidutnp, npnup Ynsywd GU pwpbGlwyt-
Lnt EuGpgGnhy wpnynibwybunnieiniup W ogunw-
gnpdb| Jwpnip EuGpghw:

huswyt’u uwyt| EuGpghwU 2GEUpEpnLU

h°Uusp wybwp £ [huph EuGpgGunhy wprynltuwyt-
nnipjwl phpwhup. (peuwygnpnipgn®lup, nwp
snh wwuwnnpwuwnndp, 9bnnigndp, RE® hnjw-
gnudp, uwnbtgndp, rE® 2BUpGphUu punnpny JGY
w]| EuEpguwuwwnniy:

Wju hwpgbpht wwwnwuhpiwubint hwdwn wu-
hpwdtwnnipntl £ wnwywunwd dGnp pbpbl
npnwyh inyjuutn EuEpghwjh ogunwagnpddwl
aubph, 26uptpnud oguwagnpdynn uwppbph ni
Jtpbuwlubnh EuGpquwpninibwytbunniejwl yt-
pnwpbpjwi. wnyjwiutp, npnup hwdtwph pwyw-
pwn $6U huntd Ywd npnug hwywpnidp pwly
E: Uwywju, wjuntwdGUwjuhy, ogunwywnp Yhuh
ntuntduwuhnptp UGy wy Gpyph hwdwp wpntu
huy hwywpywé nyjwiutpp: Uhwgjw Lwhwl-
gbph EuGpgGnhywih nGwywpunwdtunu wjnwh-
uh wnyjwiubn hwywpwanpnwd £ wdpnne Gpuynph
hwdwp wdtGu tnwnh:

Uuywulwé, jnipwpwlgnip Gpyhp, Yihdwjw-
ywu L Jwynipwiht wnwudUwhwwnynienLlu-
ubphg Ywhuywéd, ntuh EuEpghw)h uywndwu hp
punipwaqptpp: Bwuh np Uhwgjw] Lwhwlg-
utpu odnjwé LU Y hdwjwlwl wuwjdwlltnh
U6 pwgUwquwunipjwdp (W, hhwpyt, dowynt-
prwhU lnwpwwnbuwynipjwdp), wju Gpynph pun-
hwupwgywd gnigwuhpubpp Ywpnn Gu hwunh-
uwlw| UEpYwjwgnigswywl Ywd Jvhehlu gnigw-
uhoutGphu pwywlwuhl dnin wdpnng wohuwnhh
(YwU wnujwql qupgwgwé tpynputnh) hwdwp
U punniuygt) npwbu hwdtdwwnniejwlu hhdp:

LY. 8-p gnig £ wmwihu, np puwybh 26UpGpnud
gtnnigdwl L wmwp 9oph wwwpwundwl ynpw
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the forces of nature to create conditions of
comfort for building inhabitants or introduce
non-energy-demanding equipment to provide
substantial operational savings. This is done
without the need for additional inputs of elec-
tricity, gas, or other types of energy generated
by humans.

Examples of passive solutions include day-
lighting, shading, building orientation, passive
cooling, natural ventilation, elimination of
thermal bridges, insulation, etc. Later modules
in the texbook will discuss each of these solu-
tions in greater detail. Students should also
work on design problems involving these solu-
tions.

Architects and building owners can use
equipment that reduces demand for pur-
chasing electricity or gas from the national
grid. Clean energy sources such as solar-
thermal collectors and photovoltaic panels can
contribute to this.

Moreover, the use of air-to-air heat ex-
changers can provide fresh air without heat
loss or gain. Such exchangers can provide
fresh air without the need to open windows.
They could be employed in both summer and
winter, reducing heat loss or gain that can add
to energy costs.

Household equipment and appliances made in
the EU or for the EU market are now labeled
with energy efficiency certificates or pass-
ports. A+-rated equipment is the least energy
consuming in their category — as efficiency
decreases so do the labels (B, C, etc.). When
feasible, architects and designers should pay
attention and specify high-efficiency equip-
ment.

Finally, awareness among end users about
the proper use and maintenance of energy
systems can lead to savings in the long term.
Educating the public is not necessarily part of
an architect’'s or builder's responsibilities.
However, it may serve positive client relation-
ships and be a shrewd move for those com-
panies striving to create a reputation and
brand of being modern, customer friendly and
environmentally conscientious.

npwbugh YwgwpwuutGpnd untbndtlu pluwynte-
rjwlU hwpdwpwybn wwjdwllbp, Yywd yhpw-
nnd EUGpghw swywhwUenn uwppwynpnidubp,
npnup Ewwbu hetgunwd U Ywgwnpwulubph 2w-
hwgnpédwl Swhuubpp: Yw wpynid £ wnwlg
Lpwgntghs ElGYnpwELGpghw, puwywl quqg Ywd
dJwpnnt Ynnuhg wpnwnnpywé wy wnhwh Eutip-
ghw dwhuubnt:

Ujn punyph ywuhy |nténdutph ophuwyutn Gu
puwywu [ntuwynpniejnitup, unybpnidp, 26Uph
ynndunpnonudp, wwuhy hnjwgnidp, puwywu
onwthnpuntpniup, stpndwjhtu Ywdpeswyutph yG-
pwgnudp, gEpdwdGyniuwgndp W wyu: “wupl-
pwgh hwenpn  JnnniubGpnud  JwUupwdwul
YpULwpyyEu wju |nLéndutphg JNLpwpwlgnL-
np: Nuuwunnubpp bwl YuwhuwwmBU wju [nt-
énudubph uGpnpdwUu hwdwnp wuhpwdbn Uw-
huwagétph Jowydwl ypw:

Swpunwpwwbwnlubpp W 26uptph ubhwywuw-
wnbntpp ywnnn U oqunwgnpétl wjuwhuh uwnp-
pwynpnwdutp, npnup Ypdwwnnd G wqguwjhu
gwughg quynn EGUwnpwywunipjwl ywd pluw-
Jwl qwqgh pwlwyntejntbutpp: Uwpnip Eubn-
ghwjh wnpjniputpp, Jwutwynpwwbu® wnpliw-
1hu eGpdwjhu YnEyunnpubpp ywd $ninnyninw-
1hy wwubuEpp ywpnn GU hpGug (ntdwl ubpn-
utG] wju gnpénLd:

GUpnwwywl Uhnipyntuncd Ywd GU 2nywih hw-
dwn wpunwnpywéd uwppwynpnidubpp W uwp-
ptpu wjunthGinle yhunwywynpynid Bu Eubp-
guwpnnibwybunnipjwl  uGpunhdhywnnyg  ud
wudbwagpny: A+ whunwyny uwppwynpnedlu hn
hudph Ut wdGlwuwywy EuGpghw éwhuunnu E,
wjunthGinl quihu GU A, B, C L wyjju: Iuwpwyn-
npniejwl nGwypnid bwhiwgdnnutpp W Swpunw-
pwwGwnlubpp whwnp Enpwnpnienlu nwpdutu W
puinptlu pwpép EubpgwwpnniuwyGunniejwl
uwppwynpnidubnp:

Jdbppwwbu, ybppuwlwl oguwgnpénnutpp’
EuEpqwuwppwynpnidutph  6hoin 2whwagnné-
Jwl b ywwhywudwUu wuhpwdtwnnipjwl gh-
tnwygnidp Gpywpwdwdytn hGnwlwpnid Yw-
nnn £ pGpG ELGpghwjh tnnunGudwl:

RuwysnipjwU Ypenidp, hhwnpytb, dwpunwpw-
wbtwnh wwwunwupwlwwnynipjwl wluhpwdtown
Jwup s£: Uwywju nw, wjuntwdGuwjuhy, Ywnpnn
E Swnw)jt| hwawhuinpnh hGun (wywagnyu hwpw-
pGpnip)nllUEph hwuwnwwndwup b pwpépwglb)
hEnhuwyntpe)niup, untndt| 2ppwlw Uhowywi)-
nh Uwwndwdp hnqugnnh pwnh hwdpwy:

-38-



Unnniy 1. ELGnghwyh wnpynipnblnp U oqunwagnndncdp dwnnwdhl dpswdwynnid

ENERGY STORAGE AND
MANAGEMENT

Creating clean sources of energy and im-
proving the efficiency of buildings, industries,
and equipment are important. However, ade-
quate management, distribution and use are
also critical for an optimal energy system.
Some simple examples should clarify this
point.

If you replace the light bulb in your room from
a 100 watt incandescent to LED of equivalent
luminescence, your new bulb will use a fifth of
the energy of the old bulb." That will repre-
sent a significant gain in the energy efficiency
of your room lighting. However, if you start us-
ing your new bulb more wastefully, e.g. leav-
ing it on for 5 hours despite only needing it for
an hour, then neither you nor the energy sys-
tem as a whole has gained from your invest-
ment in the new bulb. In fact, you lose, as you
will not adequately recover your investment in
the bulb.

End users have to be rational users of resour-
ces, as they are integral to managing the
overall energy system. Education and aware-
ness can help to create such users. Pricing of
electricity and other energy sources is also a
strong tool to shape behavior. In fact, pricing
has become one of the key policy levers in
affecting consumer behavior and resource
management.

There is another aspect of energy manage-
ment that is critical and is undergoing rapid
change: better understanding the cycles,
peaks, and base loads of energy demand.

The absence of timely information on the cy-
cles, peaks, and base loads of energy de-
mand can result in either energy disruptions
or generation waste. Let’s illustrate this
through another example, building on the
analogy of the light bulb in your room. As-
sume the light bulb in your room is not turned
on and off near your room. Suppose the on/off
switch is in another building with someone
who is tasked with turning it on and off. That
person knows that you use your room during
the day but does not know the exact time and
for how long. What should the switch operator

ELGrahu3h unrsuunrue 64
uunudurntuc
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do? When, and for how long, should s/he turn
the switch on?

The switch operator's decision may depend
on many factors, such as what his or her boss
(i.e. laws and regulations) says, the urgency
s/he attributes to your use of the room, and
other factors. If s/he decides that you must
have light when you need it and that s/he will
be sanctioned if you do not have light, then
s/he will be compelled to turn on the light all
day. Hence, 24 hours worth of energy will be
used even if you only need to use your room
for 5 minutes.

These are, in fact, the choices and issues that
power generators and grid operators face
regularly. It is not easy to turn a nuclear power
plant or other plant on and off. Therefore,
once they are on, they may generate more
power than is demanded. It is often best to
operate these plants at the level of base
demand.

There are two broad solutions available to
power generators and grid operators:

a) Improve storage capacity, where excess
generation can be stored for future use;

b) Improve management through enhanced
access to user information, as well as infor-
mation on supply.

Let’s first examine the second solution, impro-
ved management. Recalling the example of
the person in charge of switching your light on
or off, suppose now that you have a way of
communicating with that person. Suppose
both of you can communicate through cell
phones. This way you can inform him or her
that you are in the room and s/he can turn it
on. You can also tell him/her that you're leav-
ing and s/he can turn it off. This investment in
cell phone communication would significantly
improve the efficiency and quality of the ser-
vice you are receiving. Over time, this will re-
sult in substantial savings for you as a con-
sumer and the planet as a resource provider.

Creating this “smart” grid is exactly what
many developed countries are now studying
and in which they are investing. This is be-
coming increasing necessary with the greater
complexity of users (soon electric vehicles will
join as users), and with those sources of re-
newable energy that may be intermittent and
hard to predict.

Meters with end users (such as in homes and
offices) will be able to directly communicate
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with power distributors, informing them of user
data that can significantly improve decision
making at the system-wide level.” Likewise,
information from power companies with varia-
ble and unpredictable supply, such as from
wind and solar farms, coupled with infor-
mation about changing global prices, requires
sophisticated decision-making tools such as
stochastic modeling and statistical analysis.
Many researchers and PhD students through-
out the world are grappling with these issues
today.

Energy managers are also focusing on the
issue of storage. If you install a PV panel on a
house on a very bright, sunny day you may
generate more electricity than you need at the
time. Unless you store it, this excess genera-
tion may go to waste. You can set up batter-
ies to store this for future use.'® An alternative
that is becoming increasingly popular is power
companies allowing individuals to sell their
excess capacity to the grid, i.e. the grid be-
comes the storage device for your excess
generation.

Grid operators also have to think about when
the grid has excess generation. Often this
goes to waste. However, some countries have
or are considering building additional storage
capacity. One method is pumped-storage hy-
droelectricity plants. Water basins are created
at two different elevations. When there is ex-
cess electricity in the grid, water from the low-
er basin is pumped to the upper basin. This
stored water in the upper basin is then re-
leased through turbines to generate electricity
when there is a shortage in the system. For
more on energy storage, see Module 7.

Energy generation and distribution are spe-
cialized topics. Understandably, architects
and urban planners are not expected to be
deeply involved in them. However, architects
and (even more so) urban planners would
gain from having sufficient knowledge about
existing and emerging energy systems world-
wide.
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% Smart grids are rife with privacy, cyber-security, and system reliability challenges. For an in-depth discussion of these issues, visit

http://energy.gov/gc/services/smartgrid-information.
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' It should be pointed out, however, that batteries have their disadvantages. Firstly, they are expensive and a homeowner may not be
able to afford one. Secondly, all batteries have a lifecycle. Their disposal can be environmentally harmful if not done correctly. Therefore,
additional capacity is needed to collect, recycle and dispose of them.
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nlbwynepnlultbp: EuGpghwih Yninmwydwl wynwyhuh hbwpwynpnip)nillutphg UuGyp untinénid E
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Jwquwuhg ytpphu: Iwdwlwnpgnid EuGpghwjh wwywuh nGwpnid yepht wjwqwunwd Yninnwyywd
onipu wugutiny wnnippphuutpny W ninnyGin unnphu wwquwl' wpnwnpnud £ EGYLnpwlwl
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Reading List | Cuptpgwunipjwlu UjnLpbp

Richard Wolfson, Energy, Environment, and Climate, New York: W.W. Norton & Company, 2012.

John Randolph and Gilbert Masters, Energy for Sustainability: Technology, Planning, Policy,
Washington, D.C.: Island Press, 2008. (Internet resource.)

Jefferson Tester, Elizabeth Drake, Michael Driscoll, Michael Golay, and William Peters, Sustainable
Energy, Cambridge: MIT Press, 2012.

MIT Open Courseware: Introduction to Sustainable Energy
http://ocw.mit.edu/courses/nuclear-engineering/22-081j-introduction-to-sustainable-energy-fall-2010/
http://go100percent.org
http://renewables100.org

Audiovisual Materials

China: From Red to Green
http://www.pbs.org/e2/episodes/105_china_tra
iler.html

Hans Rosling: The Magic Washing Machine
http://www.ted.com/talks/hans_rosling_and_th
e_magic_washing_machine

Discussion Questions

1.

What is the difference between renewable
and non-renewable sources of energy?

. What are the main types of non-renewable

energy?

What are the main types of reneweable
energy?

How are energy use and greenhouse
gases, such as carbon dioxide, related?

Broadly speaking, what are the main
approaches to achieving carbon neutrality
in buildings and cities?
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