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Module Plan and Learning Outcomes

PLAN:

Outline and explain renewable energy-
generation solutions and how they are inte-
grated into buildings and at the communi-
ty/neighborhood level.

Student Learning Outcomes:

e Demonstrate understanding of factors
and conditions to consider for the proper
application of a renewable energy re-
source for a site;

e Demonstrate understanding of available
integrated technologies and solutions;

e Demonstrate understanding of advan-
tages and disadvantages of integrated
renewable energy solutions for a given
project.

Core Concepts

Building-integrated photovoltaic Systems
(BIPV Systems)

Solar-thermal collectors

Solar constant

Reference radiation

Horizontal radiation

Solar irradiation

Trombe wall

Wind turbines

Horizontal-axis wind turbine (HAWT)

Vertical-axis wind turbine (VAWT)
Heat Pumps
Geothermal Heat Pumps

Cogeneration, Combined Heat and Power
(CHP)

Unnniih wyiwup W ntunigdwiu
wpryniuplbpp

nLUL

Cunhwunip Uywpwagnt, W pwgwwptp yGpw-
ywugynn EuGpghwjh wpunwnpniejwlu nLénid-
ubpp, huswbu GU npwup huntgpynid 26UPG-
nhu, huswybu bwl hwdwjuph/rwunwdwuh Jw-
Jwpnwyny:

ALuwlnnubph ntunigdwl wpryniupubpp.

e Spywéd nbnwupnid JGpwywuquynn Eubp-
ahwjh nGunLpulubph wWwwwé oguwagnnp-
6nudu wwwhnybint bywwnwyny nhwnwny-
yGihp gnpénultph W ywjdwuutnh wnnidny
hwuywgnnntp)ntl,

e Unyw huntgpwé nbpuuninghwubnh ni |nt-
onudutph JwuhU hwulwgnnnipnil,

e Spywéd Lwhiwgénd yEpwywlquynn Eutp-
ghwjh hunmbgpwé [nuénLdubph  wnwyb-
LheEjntuutph W pGpnipyniuuph JwuhU hwu-
ywgnnntpejnLlu:

Jphdbwlwl hwulwgnipjniuubpp

Ctuphu huwmtGgpwdé dnuinnyniinwjhy hwdw-
ywnpqgbp (Chd4 Iwdwywnagbn)

UplwjhU sGpdwihu ynGYunpubn
UpGgwyUwjhU hwuwnwwnniu

Innudwjhu dwnwaguwjpnLU

dwnwaguw)rnid hnphgnuwywu Jwybplnyrehu
UpGgwluwjhUu dwnwaguwjpnid

(epndph wwwn

Inndwjhu tnnLpphllutp

Inphgnuwywu wnwugpny hnndwjhu wnnwppphlu
(RURS)

Nunnwhwjwg wnwugpny hnndwjhU wnLpphl
(NLURS)

Qtpdwjhu yndwbp

Enypwetndwihu gGnpdwjhu wndwtp

UnqgtbUubpwghw, getpdwihu W EGYOpWYwU
EuEpghwjh  hwdwygywd  wpunwnpnip)nLl
(E3U)
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Module 6: Building Integrated Renewable Energy

INTRODUCTION

Modules 4 and 5 primarily focused on saving
energy in buildings. This module will discuss
the installation of renewable energy-
generation technologies, such as photo-
voltaic, thermal collectors, and wind tur-
bines, on buildings and at the neighborhood
level.’

By integrating renewable energy tech-
nologies into buildings and neighborhoods,
designers are seeking to address the grow-
ing demand for clean energy. The untapped
potential of solar, wind, geothermal, and
other renewable energy sources in, on or
close to a building or community makes inte-
gration of such technologies a good idea.

Integration of renewable energy sources into
building and neighborhood design is of
growing interest to architects and urban
planners, as they are attempting to balance
aesthetic impact, engineering demands and
energy yields of various technologies.

Each technology has its pros and cons. This
module will help to understand the basics of
these technologies so that, ultimately, archi-
tects and engineers can weigh the costs and
benefits of each solution from an economic,
technical, aesthetic and environmental per-
spective. Students should also review the
Box called “RENEWABLES AND THE ENVI-
RONMENT” and Figure 13 at the end of
Module 2.

The specific renewable energy systems that
will be discussed in this module include:

e Building integrated photovoltaic (BIPV);
o Solar-thermal collectors;

e Solar walls and Trombe walls;

e Wind turbines;

e Geothermal heat pumps;

o Cogeneration technologies.

While renewable energy use in buildings is
relatively low today, it is growing rapidly. Ar-
chitects and engineers are increasingly ex-
pected to know and implement renewable
solutions in their building or urban designs.

Leruonre3NkL

Ctuptph tuGpgwhubwjnnnijwl hwpgtpp hhd-
LUwywunwd nhnwnyyt] 6u 4-pn W 5-pn Unnn|-
uGpnud: Wu dnnninud ypuuwnpyytu 2Guptph L
pwnwdwuh Jwywpnwyny JEpwywuguynn
EuGpghw wpunwnpnn mEhuuninghwubph inGnw-
Yuwjdwl hwpgbpp, npnughg GU™ $nunnyniinwihy
(d4) thnhuwytpwhgutipp, gGpdwjhu YniGYnnn-
utpp W hnnuwjhUu tnnipphlbpp’™

Jdepwywuqlynn EuGpghwih wnGhuuninghwlbnp
otuptphu L pwnwJdwuhU huwntgpGiny' Lw-
huwaénnutpp thnpénd U pwdwpwnt] dwpntp
EuGpghwih wénn wwhwlugwnyp: SGuph Ywd
hwdwjuph  ynnphu  Ywd hwplwUunipjudp
agunuynn wnpliwjhu, hnndwjhu, Gnypwetnpdwjhu
U yGpwlwuglynn Eutpghwjh wy wnpjniputph
ntnlu sogunwagnpdéynn UEpNLdlU wyn inGhuungn-
ghwubph huwnbgnpnudp nwpdunwd £ hdwuwnw-
Lhg:

Uhus dwpunwpwwbunubpu ne punwpw2hlw-
pwpubpp thnpénwd BU hwywuwpwy2nnieinil
gwub] gbnwaghunwywl wqnbgnipejwl, hudbut-
pwywu wwhwugutph W wnwpptp wnbhuunin-
ghwutiphg unwgynn tutpghwih dhpl' Ybpw-
Ywuquynn EUGpghw wpwnwnpnn wnpjniputph
humnbGgpnudp 26uptph U pwnwJwuh Lwhiwg-
66phu hGwnwppppnientlluGph wénn ninpinh £
JGpwoéynid Upwug hwdwp:

3nLpwpwlgnip inGhuuninghw nluh hp wnw-
JGinteintulGpu ni pGpnieynlultpp: Wu dnnnep
yoguh hwulwlw] wjn wntGhuuninghwubnph hh-
dnituputpp, npwbtugh, h yGpgn, tnmunbuwywl,
wnGhuuhywywl, gbnwghunwywu L pUwwwh-
wwluwywlu wbuwuyntuhg funphnipn  wnwnt
nGwpnd dwpunwpwwbwnubpp W dwpunwpw-
gbwnlbpp uwpnnwuwl guwhwwnb) jnLpwpwls-
jnLp (nLédwlu wpdbpl nL ognuinubnn:

Nuwunnutpp wtwp £ bwl yGpwlw)tu Unnneg
2-h  JGppuwdwunwd gwlygnin «ELENARUSH
Joruuyuaudna une3nmruere o4 erauuld
UuhuUd4U3re» Lepnhpp W Lwp 13-p:

Unyu dnnncined nhunwnpyybine G yGpwywugqu-

ynn EuGpghwjh hGnlyw| hwdwywnagbpp.

e CbLuphUu huwnbgpywdé dnuinnyninnwihy hw-
Jwywpgbp (Chd4),

e UplLwjhu sEpdwihu ynGYunnputn,

e Uplwjhb wwwbEp W @pndph ywuwnbn,

! Utility-scale renewable energy generation, such as hydropower plants, large wind farms, concentrated solar power plants, etc., is

beyond the scope of this module.

Eubpghwih (wjlwdwupnmwp  wpunwnpniejntup  (hhnpnElGYunpwywjwultn, funpnp hnndwywjwuutp, Yeunpnuwgdwéd wplwjhu

ElGYUwnpwywjwultn) wju dnnnih 2ppwlwyhg nnepu E:

-190-



Unnniy 6. CELUpHU huwnbgndwd Jenwlwlqliynn EuGnghw

BUILDING-INTEGRATED
PHOTOVOLTAIC (BIPV)

PV Technologies

A 19" century French physicist, Alexandre-
Edmond Becquerel, was the first to record
observations on the photovoltaic (PV) effect,
the creation of electrical current in materials
when exposed to light. Photo denotes light
and voltaic denotes the generation of elec-
tricity.

Most PV technologies today rely on the gen-
eration of electricity through the illumination
of layers of semiconductor materials such as
silicon, gallium arsenide, cadmium sulfide,
cadmium telluride, and a few others.

PV panels or modules are mostly made of
semiconductor cells or materials, as well as
materials that contain or encapsulate them
(Figure 1). The most common semiconduc-
tor used in PV panels is silicon (in either of
three forms: mono-crystalline, polycrystal-
line, and amorphous thin film). Silicon com-
prises 85% of modules in the market today.

e 3nnUwjhu wnnLpphlltp,
e Gplpwebpdwjhl gtipdwjhl wndwtn,

e UngbUGpwghnlu nnGhuuninghwubn:

Gyt JGpwywuquynn Eubpghwjh ogquw-
gnpédwl  Jwulwpwdhup Guptpnud nbnlu
gwoén k£, wyn wpwgnptu woénwd E: Bwpnwpw-
wbwnutphg W swpunwnpwagbwnutphg wybih nL w-
JGih £ wyuywiynd pdwuw] W wjnwhup ne-
onudubn hpwywuwgub] hptug ynnuhg LUwhuw-
gbynn 26upnid Ywd pwnwpntd:

SGLRhL hUSEArYUD
HNSNUNLSUShY IUUUYUraL
(ChdY)

dJd nbEhuuninghwubp

19-pn nwph Spwluhwgh dhghynu Wikpuwlnn-
Endnun REpGpGIU wnwehUu En, np wpdwlwg-
ntg dnunynpinwihy EPEYh hp nhnnwpyned-
ubpu wju Jdwuhu, np Uynetpu UnpGgwyh (nyup
wantgnipjwl wnwy EEYynpwywu Eubpghw Gu
wpwwnnpnd: Photfo Lpwuwynid t [nLyu, voltaic
ElGyunpwEuGEpghwh wpwnwnpnie)nLu:

dnnnyniinwihy (d4) wbhuuninghwlbph JGoé
Jwul wjuon EGYnpwtutpghw E wpunwnpnud
Uhuwhwnnpnhg Ujncebph 2Gninbph (nLuwynnp-
Jwu Jhgngny: Wn Ujniptiphg BU™ uhthghnidp,
qwihnwdh - wputUhnp, Ywndhnwh  unibhnp,
ywnuhnwh pGintphnp b wju: 4 wjwuplubpp
ywd UnnniuEpp hhduwywunwd wwwnpwunywd
GU Yhuwhwnnpnswihu pgheutinhg Ywd ujniet-

nhg, huswbu Lwl npwup wwpntbwynn Ywd npwugny uGpywwuniwgywéd Ujnietphg (LY. 1):
dd wwubutpnd yhpwnynn wdtbwwnwpwéwd Yyhuwhwnnpnhgp uhthghndu £ (Gptp dukphg
dGyh® dhwpjniptn, pwgquwpniptn W wdnpd Uppwpwnwueh wntupndy): Wuon 2ntjwynid wnyw
dnnnriutnh 85%-p uhthghnwd £ ywpniuwyned:

-191-



Module 6: Building Integrated Renewable Energy

Figure 1. Solar devices: photovoltaic (PV) technology generating electricity

PV panels come in different sizes. They are made of PV cells arranged in rows and columns and placed in an encasement. Sometimes
cells are integrated into building components, such as windows or skylights.

PV cell
b pohy

dY wwlbilbpl wpwnwnpynid GU twnppbn swhbph: nwlp wwnpwunmyws GU pppwlwlh Jbe pwnpbnnd U wntbwllbnny

nwuwynpdwé S4 pehlbphg:

Gnpbdl wyin psholitinp UepLwnnigynid GU pEUph tnwnpnpbnh ' wwwnnthwlbbph wd (ntuwpwhwlg wowumwnlbnh JEg:
Ljuwnp 1. Uplwjhu uwppbp. EiYunpwtutpghw wpnwnpnn $ninnynpinwyhy mEuunpnghw

The remaining 15% of panels or modules
include a large variety of composite mate-
rials such as gallium arsenide, A;Bs (or
AllIBV) composites, organic materials, and
many more. Currently these materials have
a shorter lifespan than silicon panels. They
are also more expensive, although they hold
the potential for becoming more affordable
over time.

In order to be used in a building, PV cells or
materials are typically encapsulated in either
rigid structures or flexible film-like materials.
Rigid structures can be panels with the PV
cells sandwiched between glass or other
transparent materials and hard backing ma-
terial, all held together by an aluminum
frame (see examples of panels on the left-
hand side of Figure 1. Figure 2 shows the
details of these panels).

Solar PV electricity is regarded as an at-
tractive source of energy as it has no moving
parts or fluids, no noise, and no operational
emissions or pollution. It also has very little
(next to zero) maintenance cost.

PV aluminum-framed panels have been
mounted on buildings since the 1970s.
These were particularly useful for buildings
in areas with no or poor access to an elec-

MwuGuGph Ywd Jdnnniubph Juwgwé 15%-p
wwuwnpwuwnynud U pwqdwprehy yndwynghwnw-
Jhu Ujniptinhg, hugwhuhp BU* quihnidh wpub-
uhnp, AsBs (uu AllIBV) 2wpph Yndwnghwnwjhu
UjnLetnp, opgwluwywl Ujnetpp W 2wwnm wyk-
Lhu: LGpYwjndu wyn Unipbph Swnwjnipjwl
dwdytwnp upthghnidwjhu ywutuGphg Ywpd E:
Mwlp Uwl 2w wyth pwly U, pEL dwdw-
Lwyh pUpwgpnd Jwwngbh nwnrbwint Jhnnwd
nLutlu:

Ctuptpnud ogunwagnpéytint nGwpnid d4 pohe-
ubpp Ywd Ujnipbpp unydnpwpwn UGpywwunt-
(wgynwd GU ywd Yynaun Ynuuwnpniyghwubnned,
ywd ayncu hjntujwépwudwU Ujniebpned: Unonn
ynuuwnpniyghwubpp ywpnn Gu |hUG] 2Gpnwynn
wwubutp' 26pintph Jhot nbnunpjwéd dU
pehoutpny, npnug yGphu Jwup wwwnpwuwnywsd
Ewwwyjw Ywd wj) pwthwughy bjnietiphg, uh
Unpnn Yynuuwnpnryghw, npunkn wdtu hug Jhwupu
wUpwgywé £ wynwdhub 2ppwbwyh Ube (Udwl
wwubutGnph oppuwy UEPYWywgywé E LY. 1-nLU:
Wn wwubutph Jwlupwdwulbpp ubplwjwg-
Jwd U LY. 2-nLd):

UpLwjphu $4 ElEYnpwEuEpahwlu nhunwpyyned
E npwGu EuGpaghwjh qpwyhg wnpjnip, pwuh np
wju sntuh 2wpdynn Jdwubp Ywd hGnnly pw-
nwnnhsubn, wnunly sh hwunwd b npw whuw-
wnwuphg wpwnwubnnudubpn wd wnunnnyw-
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tricity grid.” In these cases, the PV panel
was simply added on top of the rooftop (Fig-
ure 3). Due to increased environmental con-
cerns, as well as stress on energy grids, the
use of these panels has increased since the
1980s and expanded to areas already con-

nected to electricity grids.

Figure 2. A simplified picture of encapsulating PV

cells in panels

Aluminum
frame /

2ngwliwy

wpndhub -

v 2
PV cell /

b4 pohg

Backing
film /
phyntu-
pwjhu

26pn

/
Glass front /

1luu|luul: Gwlwwn

Lywp 2. Mwlbh JGg 4 pphoubph UEpYwwunt-

lwgdwl ywpqtgywé wwwnybp:

Figure 3. PV panels on buildings mounted as elements separate from other parts of a building

e ] L4

e

onpintl sh wnwewunwd: WU Lwl uwywuwny-
dwu sushu (qpnjhu Unwn) Swpuubpn £ ywhwU-
onLu:

Uynwdhut 2ppwlwyny Y wwubutpp 2GUptph
ypw intGnwnpynid Ehu nbn 1970-wywuutphg h
dbp: “pwup gnpSuwywunptlU Yhpwnynd Epu
wju 2GUptph hwdwnp, npnup gwnuynid GU EGYn-
pwywl gwugtphg htnnt jwd ndwp hwuwub-
Lh tnwpwépubpnLd? LUwl nGwpbpnd dY ww-
UGIp wwpqwuwbu dnUnwdynd Ep tnwl tnwlip-
phu (UY. 3): Plwwwhwywluwywlu puunhputphu
wnUsynn Jdwnwhngnipjwl  wbéh hGnlwupny,
huswbu Uwl EuGpgbwnpy gwugbph Swupw-
pEnujwéniejwl nwwnwlunidubph ywwndwnny
wjn ywubutph yhpwnnipyniup 1980-wywuub-
nhg uyuwdé punwjuyt) ' hwultiny vhugle wju
wmwpwoépubpp, npnup wpntl Jhwgwé  Gu
ElGYwnpwywu gwugtnphu:

Quwynpynn Epynt dhinntdubpp

Uguwé  1980-wlywulbphg, 26UpGphUu  hUwnt-
gnywsé d4 nbpuuninghwubph  wnnudny  wp-
huwphnd wnwy GU qwihu Gpynt wnwudhu Uh-
wnnwdutp: Cun npwughg Utyh' 26Uph 4 inktu-
uninghwutph Jhgngny wpunwnpjwsé EGYwn-
pwtubpnghwu Jhwunwd £ ElGYHLnpwywu guugtb-

I e B
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Lijwp 3. SEuptph Ypw wnbnunpjuwé d4 wywububp, npnup Unuunwddwéd Gu 26Uph Jjntu wmwppbtphg
wnwludbwgywéd

Two Emerging Trends

Since the 1980s two distinct trends are un-
derway worldwide with respect to the inte-
gration of PV technologies into buildings.

phu: Ujnwuny' 2GUph pwnwnphgutph Ut dd
intGhuuninghwih wybh (hwpdtp hunbgpnud E
LUwpiwwnBuynid:

2 patrina Eiffert and Gregory Kiss, Building-Integrated Photovoltaic Designs for Commercial and Institutional Structures: A Sourcebook for
Architects, Oak Ridge: US Department of Energy, 2000, http://www.nrel.gov/docs/fy000sti/25272.pdf
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One is to connect the electricity generated
by a building’s PV technologies to larger
electricity grids. The second is a more full
integration of PV technology into a building’s
components.

With respect to the first trend, some local or
regional governments have pursued this
path, namely allowing building owners with
PV capacity to sell their excess electricity
generation to the grid as a way of increasing
the profitability of PV installations and,
hence, encouraging greater adoption.

During the day, a building may generate
more electricity from its installed PV tech-
nology than is used by the building. One way
to handle this excess electricity is to store it
in batteries that can be used at night or on
overcast days with little sun (see Module 7
for more on electricity storage technologies).

Batteries, however, are expensive. More-
over, producing and disposing of batteries
carries environmental concerns. An alter-
native that has gained traction in many parts
of the world is “net metering”. Instead of
storing the excess electricity in the building
for future use, the building owner may sell it
to the electricity distributor. In this way, the
building owner will either reduce the
electricity bill by the amount sold to the
distributor or, if it produces more than
actually used, allow for credits or cash
refunds. Such a practice will help offset the
costs of installing PV technology in a build-
ing and encourage wider adoption. To allow
for net metering, there is a need for special
(reversable) electricity meters, as well as
supporting regulations and energy policies in
place.

The second PV trend is more full integration
of PV technology into buildings themselves,
e.g. PV cells integrated into windows or
solariums. In these cases, PV cells are
placed between layers of glass in windows
or skylights (Figure 4).

They are also being integrated into other
parts of buildings, such as facade cladding
and roofing elements. Figure 4 shows roof
shingles that are PV modules. Likewise, PV
panels may replace facade materials, e.g.
stone or aluminum cladding.

hUs yGpwptnnud EwnwehUu Jhindwlp, www k-
nwywlu Ywd wnwpwéwpswlwihtu Ywnwywp-
Jwlnpn2 dwpuphuutp gunwd GU wju dSwlwwwn-
hny' pn| U Lwhu, np $4 hgnpnieyntuubpny
hwdwipJwé  p6uptph  uGthwywuwwbntpp
hpGug wpunwnpwé wybgnly EGYnpwkutp-
ghwlu Jwoéwnbtu gwlghU, nph wpryniupnud
pwpépwunwd £ 4 uwppwynpnidutph 2whnt-
pwptnpnieintup b, hGnbwpwn, pupwhuniuynid
npwug (wju Yyhpwnnrpniup:

Ctupp, mEnwnpwsé 4 inthuuninghwjh Jhen-
gny, Ywpnn £ gptyqw pUpwgpnid wpwnwnnti
wyth 2wuwn ElGYunpwtutpghw, pwu nyjwy 26U-
phu wuhpwdtwn E: EGyunpwtuGpnghwih wjn
wybgntyh htn Jupybint dwlwwwnphubphg
JGyp dwpunyngutpned Yniinwybu £, npu wjunc-
hGinl uywnynud £ ghptpwjhu dwdtphu Ywd
wdwwdwé optphu® Gpp wplup phs £ (wybih
JwlpwdJdwul EiGYunpwtutpghwih wwhwwudwl
nGhuuninghwutph yGpwpbpjw nt'u dnnnyy 7):

Uwnpwnyngubpp, uvwywjl, pwuly Gu: UJLh,
Jdwpwyngubph wpunwnpnie)ntll nL yGpwgniuu
hpGug pwdhuu nuEL  pUwWwhwwlwywu
puunhpubph wnGuwytbunhg: Uppuwphh 2wwn Jw-
uGpnud wybh gpwyphg £ nwnunid Jh wjpuwun-
pwlupwjhu |nénwd, Gpp hwyhsh gnigdniuph
«gntin  hwoqwndwU» wmwpptGpwyu E Yhpwn-
gnud: UWdbigniy ElGyunpwtuGpghwu hGunwquw
ogunwagnpéddwl hwdwp 26Upnd  Ynuinwybin
thnpuwptBl, uGthwywlwwmbnpu wju Ywpnn £ Jw-
dwnb| pw2huhs gwughu: Wuwhuny, 26Uph ub-
thwywluwwbpp pwhuhg gwught Jwéawnwd
gnwdwph swihny ujwagbtgunud £ hp thwuwnwgh
ElGyunpwtutpghwih hwhdp, Ywd Grbt uww-
nwd tubpghwjhg wytih EuEpghw E wpunwnpby,
www gndwpp dbwybpwynwd £ npwytbu Jwny
ywd Jownyned E: LUwU gnpdGlwyGpwp Yogluh
thnpjuhwwinnwgl| 26Upnd nbGnwnpwé d4 hw-
dwywngh dwhuubpp W, hGinlwpwp, Ypupwhunt-
uh npwlg wju Yhpwnnipjntup: «2nwn hwyw-
nnid» hpwlwlwgubint hwdwp wUhpwdbwn
yipup nluGUW EGYNPwELGpPghwh  hwwnnoy
(nGytpupy) hwpypsubp, puswybu Lwl Eutpqb-
inhy pwnwpwlwuntpjwll odwlunwynn
optlunpnLpnLu®:

Cuwnn nhunwpyynn Gpypnpn 4 Jhndwl' Uw-
puwwntGuynid £ wyn mGhubuninghwjh wytih (hwn-
dtp huintgpnudp 2Gupbphu: $d pehoubinp ubp-
ywnnigyned GU, opplwy, wwwnthwuubph Yud
unjwnphnwdutph Jte: Wju nGwpnid d4 pohsutpp
intGnwnpynd  Gu wwwnnthwuubph ywd

% As of 2015, discussions of the practice of net metering, widely explored worldwide, are ongoing in Armenia; however, no certainty is

attained in terms of practical solutions.

Uphuwphnud [wjunptlU thnpdwpydnn® «gnuin hwpgwndwl» wypuinpwlpp, 33-nud 2015p. npniejwdp pupwgnn puliwpynidutph
wnwnywu £, uwwju ypwywnhy peénudubph wnnwdnyd npnwyhnie)niu nbn gh dlwynpybi:
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PV cells are also being embedded in flexible (ntuwpwhwlg wnwunwnubph wwwyne 26p-
materials, such as polyester or polyimide, inGnh vhol (LY. 4):

allowing for a wider variety of applications.
Such applications provide architects with wlp Uwl huinkanynid BU 2BUptnh wjliwhuh
: e . wmwnppbphl, huswyhuhp GU dwywwnwhu b nw-
aesthetic flexibility in integrating PV cells )
into a building (Figure 5) upph dwéynyreh ywnnigwéplbnp: huswtu G-
' wnd £ Uy. 4-nid’ ywl wywhuh ynupunputn,
npnup hpwywund $S4 dnnniubp Gu: Lnyu
°® Uwwwnwyny Ywpth £ bwl dwywwnh GpGu-
wwwdwl pwpt ywd wynwdpub Ujnebpp thn-
puwphut] 4 wwububpny:
Uyth twju yppwnniejwl hwutbine bwywwnwyny d4  pghoutbpp  UEpYwnnigynd  Gu Lwl
aynLu Ujniptinh, ophlwy” wnihtuntiph Ywd wnihhdhnh Jdte: 4 pgheltinp 26LUphu huwntigntint
UdwUu Yhpwnnipiniup® gbnwaghunwywl dyntuntejwu huwpwynpnipintl £ tnwhu dwpunwpw-
wEwubphu Y. 5):

Figure 4. Four examples of PV panels integrated into building components
" e =

e

| [ R

Lyuwnp 4. SGEuph mwpptphu 4 wwubuEph hunbgpdwl gnpu ophlbwly:
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Figure 5. Flexible PV panels used in temporary and permanent structures. Flexible PV allows for mobility and
aesthetic flexibility

Ljwp 5. dwdwlwywynp b 2unwywl Yunnygutpnd Yhpwneynn ayntt 4 wwubkubp, npnup nynipw-
2wpd U U Swpnwpwwbnwlwl mbuwlyniuhg' gbnwghnwywl:
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Box 1. BIPV in Armenia

Armenia is very rich in solar radiation. On av-
erage, on a horizontal surface the annual value
of the total (direct and diffuse solar radiation) flux
in middle cloudy weather is 1,720 kWh/mZ.
However, the share of renewable energy use in
buildings in Armenia is still very low. Figure 6
below shows a few BIPV projects in the country.

PV additons to roofs on buildings in Armenia

The American University of Armenia installed 5
kW peak load autonomous PV setting on the roof
of its main building, which supplies energy to the
building’s air-conditioning system.

T p——

Swjwuwnwbh UdGEphYyjwlu hwdwjuwpwuh gruw-
ynp JwulwBUuph wwlbhphu wbnunpjwé 5
Y4 whywjhu ptnny huputwywp 4 hwdwih-
np, npp wpunwnpwé tubpghwyny w2fuwwnnid E
26Uph onnpuwydwl hwdwlwnpap:

verabhr 1. GGuptph hunbgpjwé pnuninyng-
nwjhYy hwdwlwpgbp 3wjwunwuncd

Rwjwunwlp hwpniun £ UpGgwyh dwnwagqw)jpw-
Jhu EuGpahwjh wwwnutpny: Uhght wdwwJw-
ontpjwdp  Gnwuwyhu hnphgnUuwywl hwpent-
rJwU Yypw puyunn punhwuncp mwpElywl (UpGqw-
Uh ninpn b gpnywé dwnwquwjrwihl) hnupp hwu-
Unwd E 1,720 L|d.Lnd/U2: UhUulnyu dwdwlwy 33
26uptipnud Yhpwndnn yepwhwlglynn Eutnpghwh
Jwulwpwdhup swihwqwlug guon E:

33-nwd 26upkph wmwluphpubphu wnGnunpjus 4
Unnnrpubp

Roof-mounted system at the Armenian-American
Wellness Center, 10 kW PV system: the first build-
ing in the CIS working on the net-metering princi-

phu mEnwnpywé hwdwlwpgp' 10 44w hgnpnt-
pjwdp d4 hwdwlwpg E, gniin hwdwedwl
uyqpniupny w2uwwnnnutphg® UN3-nud wnwghll
kn:

Source: Robert Kharazyan, Renewable Energy Sources and Technologies [in Armenian], Yerevan,
2012, 279, http://www.nature-ic.am/res/pdfs/documents/2012/the-tutorial-presentation_12.04.12.pdf.
The tutorials in Kharazyan’s book cover the theoretical principles of using renewable energy sources,
the practical implementation options, and the specific features of relevant state-of-the-art technologies.
The tutorial is based on practical cases, with respective solutions enabling easier comprehension of the
material. The tutorial was prepared within the framework of the UNDP/GEF “Armenia - Improving energy
efficiency of municipal heating and hot water supply” project. The project is being implemented through
the joint initiative of UNDP and the Armenian Ministry of Nature Protection, financed by the Global
Environmental Facility.

Unpjnipp’ Nluwpuwqjul, «dGpwlywuquynn EuGpghwih wnpjnipuGpu nL mGhuungnghwuGpp», Gplwu
2012, Ep 279 (YGpgywé £ www.nature-ic.am). Nruntdbwywl dGrUwnpyu pungnpynid £ yGpwywlquynn
EuGpghwjh wnpjnipuEph Yyhpwndwl nGuwlwu hhunituputpp, gnpébwywl Yhpwndwl tnwppbpwy-
UtGpp bW hwdwwwwnwupwl dwdwlwlwyhg wnbhuuninghwubph punipwantpp: Nuntdbwywl dGn-
LUwpyp Ywrnigywséd £ hwdwwwwnwupuwl (niénidubpny’ gnpsbwlwl ophlwyutnph ypw, npp hbp-
tnwguntd E Uyneph puywinidp: Nruncdbwywl 66nlwnyp ywnpwuwnyb) £ «Rwnwpwjhl gGnnigdwl W
nwp  gpnwdwwnwywpwpdwu EuGpqwwpnntbwyGunniejwl pwpGiwynudp  Swjwunnwuncd»
UUyY/QEd/00035799 Spwagnh 2ngwlwynid: Opwaghplu hpwlwlwgytb) E UUY2UD U 33 AL hwdwwnkn
LUwhiwaGnuniejwup W $huwluwynpytb) £ AED Ynnuhg:
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BOX 2. SOLAR TREES

If trees or other structures shade the roof of a
structure, it might not be possible to use the
rooftops for solar PV. One solution to explore
is the use of so-called “solar trees”. Installed
on a tall pole breaking the tree canopy, solar
trees provide easy orientation at an optimal
southern angle, and also may bring an
innovative three-dimensional effect to a new or
existing design or building. The rest of the PV
system remains unchanged. Special attention
should be paid to the wind resistance of the
total construction, e.g. by decreasing the sail
effect through a number of gaps in and
between panels. A similar “tree” idea may be
used for street lighting, where it would not be
feasible to install centralized PV panels.

Components of a building-integrated PV
system

PV systems have several main components,
as illustrated in Figure 6. The components
include:

1.

PV panels or modules and their me-
chanical support system to carry the load
of the modules;

Charge controllers that prevent batteries
from overcharging. These will be re-
quired if you decide to install a battery
bank (see point 3 below);

Optional battery bank. If the main utility
allows you to sell the excess energy
generated to the main grid, there is less
incentive to have a battery bank;

verabr 2. UPGJYU3hL SUNGE

Grb Swnbpp Ywd wj Ywrnygubpp uwndbp Gu
agnud 2hunipejwU wnwluhphlu, www huwpwynp sk
wjn 26Uph nmwuhphU wpliwhu wwububnp tnGnwn-
nGl: NuntdUwuppniejwlU wpdwUuh [peéndubphg
JGYU wjuwBu Yyngqwéd® wplwjhl dwnbpu Gu: Yw-
Lwg éwnbphg pwnpén untuGph ypw inbGnwnpjwé
wplbwjhu éwntph wuyjnitup hGwnniejwdp Ynnd-
unpn2ynid £ nGwyh owywnhdw| hwpwywhu ynnup:
Apwlgny Ywnpbh E Uwl Unp Jwd wnlw 26UpGph
Jpw Gnwswth Unpwpwpwywu dbwynpdwdp |nL-
ontdubp Ywnnigbl: Snuninynipunnwihy hwdwywpgh
dJuwgwé dJwup dJunwd E wUthnthnpu:  Iwwnny
nLpwnpnieintt wbkwnp £ nwpautb] pwdnt Lywun-
dwdp wdpnng Ynuuwinpniyghwih nhdwgyntuntejw-
up, wjuhlpl® jnLpwpwlgnip wwubinid b ywub|-
UGph Jhgl wlugptiph Jhengny Ujwqbgub] «wnw-
qwuwnh» EdGYUWNP: «Cwnh» UdwU qunwthwpp Yuw-
nGh £ Yhpwnb] wju Jujptiph thnnngwjhu |nLuw-
Jnpnipjwl hwdwn, npnbn $4 wwububph yGuwn-
nnuwgywd inGnwnpnedp huwpwynp sk:

SEuphu hunbgpjwé Y hwdwlwpgh
pwnwnphgutpp

ddY hwdwywnpgbpp pwnugwd Gu Jh pwlhp
hhuUwywl pwnwnphgutiphg, npnlup ppdwé Gu
uy. 6-nd: Ujn pwnwnphgutnu Gu.

1.
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10.

. DC-AC inverter to convert the direct cur-

rent output of PV panels into more versa-
tile and alternate currents of 50Hz or
60Hz frequency depending on the coun-
try;

Main switch box, which distributes the
electricity to different parts of the build-

ing;

. Consumer loads - outlets where con-

sumers plug in their equipment. These
can be the same as electrical power
outlets already available in a building, as
the DC/AC converter would make the
electricity the same frequency as that
from the national or city grid;

Power meter that would be used to meter
the amount of electricity purchased from
the utility company, a grid connection
device with a two-sided meter to store or
sell unused generated power and be
available for use when solar radiation is
unavailable.

. Note the credit meter and the electric

meter. In many cases these two units are
not separate components, but are united
in one block;

Utility service (if a building needs to be
connected to the grid);

Optional backup generator for buildings
completely disconnected from national or
local electrical grids.

1. Solar panels
ge controller

4. Interactive inverter
5. Main switch box

6. Consumer loads

7. Power meter

8. Utility service
4 9. Backup generator
i

1

10

atp  wpnwnpwé  Eubpghwih - wytigniyp,
www Jwpwnyngubph dnnnip  nluBLwnt
wuhpwdbwnnie)ntup bjwagned E,

33 (hwuwnwwnniu hnuwlp) - @3 (thnthnpuw-
ywlu hnuwlp) dGpwihnpuhg/huyGpnnnnp, npp
dninnyninnwihy wwubih wpnwnpwsd hwu-
tnwwnntu hnuwlpp Ythnpuwytpwh 503g Ywd

603g (Ywhudwd Gpynhg) thnthnfuwywu hn-
uwuph,

Spduwywu pwphuphs winncth, npu ElGYnpwE-
uGpghwu pw2funtd £ pun 2ELUph wnwpptn
utlptnh,

Uwwnhgubpp Jhwgubint hwdwnp uGpunlw-
Jhu Jwpnwyutp: Uw Ywpnn £ Uunyup (hut)’
hus mwult wpntu wnyw EGYNpwywl Jwp-
nwyutpp, pwuh np 3I/O3 thnfuwybpwshg
Gynn ElGYwmpwEuEnghwl Uungyuu E, hug wnnt-
up unynpwpwn Juunwlwnp yEunpnuwywu
Ywu pwnwpwjhu EGYnpwlwl gwugtinhg,

EtGYywnpwtlutpghwih hwadhg, nph dhgngny
hwodwnynid £ pw2tuhg puyGpnipintuhg qu-
gnn ElGYunpwkutpghwl. gwugh htwn Jhw-
gnudu wwwhnynn Gpyynnuwuh hwyhgny
uwnp, nph dhgngny wpinwnpqwé Eubinghw-
1h wyGgniyp yninnwyyned, wjt £ Juawn-
ynud £ gwughtu L, wplh dwnwquw)jpdwl
pwgwywjnipjwu nbGwpnid, hwuwubh E
nwnunwd gwlughg wnwu EEunpwuwwndwlu
hwdJwn:

NLwnnnie)ntu nwpaptp YyndEpghnu hwpyh-
¢h U ElGYnpwywu hwaghsh ypw: Swn nbw-
ptGpnd wju Gpynt uwpptpl wnwubdhUu pw-
nwnnphgutn s6U, wj Jhwgywsé U JGY wnnt-
thh Ubg,

Undnibw] Swnwjniejnll/ElGYwnpwEuEpghw-

Jh pw2iuhg gwlg/puytpnipnil (GREG 26Upp
hwnpywynp £ Uhwgut| gwughu),

SUEUnpnuwywu Ywd wnbnwywu EGYnpw-

Jwl gwugbphu punhwupwwbu sUhwgwéd
26Uuptph nGwpnd huwpwynnp £ nhunwnytbp
JrwnpwjhU gBUtpwwnnph tnwpptpwyp:

Wu nGwpnid, Gpp 4 ywubuGpp Ywd dnnni|-
utpp uGpywnnigwé 65U Wwwnnthwuubph Ywd

wnwuwnwnutph Ujnietph JGy,

www gnpbrb

dhown Uh ynuuwnnpniyghw £ wyGwnp, npp Yupnnuw-
Uw npwup hptug nbnnud wwhb: Wn ynuuwn-
pniyghwubpp wtwp £ yptu 4 ywubh pbnp,
huswbu bwl nhdwluwl puwywl Gplnyrutphu
L npwlg (ophuwy® pwdnt) dupdwlp: UnGwwih
yipuh, GrLE nudghtu pwdhubpu wyn wwubutpp
nGnwhwl wutlu nu Uh Yynnd uGnEL: 2w Ywpnn
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When PV panels or modules are not inte-
grated into windows or roof material, they
almost always need a structure to hold them
in place. These structures must carry the
weight of the PV panel, as well as withstand
the elements and their loads (such as wind).
It would be a disaster if these panels were to
be dislodged and blown around by high
winds. They could cause serious damage to
property and human health.

The support structure can also be used to
appropriately orient the panels for maximum
solar energy harvesting. They are, however,
additional structures that bring with them
aesthetic and other design considerations.
Architects have the latitude to integrate
these structures into the building design,
e.g. combining PV support structures with a
roof, support structures, or the building en-
velope.

Solar Potential in the World and in Armenia

Solar rays travel through space and some
penetrate the earth’s atmosphere. Before
passing through the atmosphere, the amo-
unt of energy passing through 1 square me-
ter of surface perpendicular to the sun is
equal to 1,366 Watt per square meter
(W/m?. This is known as the solar constant.

When solar rays enter the earth’s atmo-
sphere and travel through the mass of the
atmosphere, this energy is reduced. On a
fully sunny day, with the sun at its zenith (i.e.
the sun at a 90-degree angle to the surface
of the Earth), the energy that reaches sea
level is 1,000 W/m?. This is known as refer-
ence radiation. The higher the elevation of
the surface from sea level, the greater the
energy that reaches it.

When the sun is at 90° to the surface of the
Earth, the rays have the shortest distance to
travel to the surface. As the earth rotates on
its axis, the angle of the sun to a given sur-
face changes. The distance that rays have
to travel to reach the surface increase de-
pending on the angle. At a 30° angle, for
instance, the distance increases twofold. At
sunset, the distance increases up to 39
times. As this distance increases, the energy
reaching the surface decreases. At a 30-
degree angle, the energy reaching sea level
is 730 W/m? (normally, two panels).

In addition to the intensity of solar rays, as ex-
pressed in W/m?, it is also important to know

E |htpg Juwu hwuglt] Jwpnywug wnnnontejw-
up W gnijphl:

Odwunuwy ynuuwinpniLyghwutp Ywpnn U oguw-
gnpéyt bwl wpluhg Gynn EUGpghwl wnwyt-
(wagnyuu npuwint  bywwwyny wwubutph
nhpeh (wywagnyu  Ynnuunpnadwl  hwdwn:
Apwlp, uwywju, [pwgnighs hwugnigubp G,
npnlug gGnwaghwnwywu dLU nL w)| Uywwnwnned-
UGpp wpdwuh GU wnwUdhU nhnwnpydwl: dwnp-
nwpwwbunutpu wyn ynuunpniyghwubpp 26U-
ph Uwhiwagbhu hunbgpGint punpnijwu (wjl
huwpwynpniejntllubn nubl: Opphuwy® Upwup
wpnn GUu 4 odwlunwy YnuuwmpnLyghwubtpp
hwdwwntbnt wwlUhph wwppbph, wj Ypnn
ynuuwnnpniyghwutph Ywd 26Uuph  wpwnwphl
ynuuwnpniyghwubnh hGun:

U2fuwphnid U 3wjwunmwlncd wpliwphu
Eutpghwjh Utpnidh punipwghnpp

UpGgwyuwjhtu Swnwquw)jrlEpu  wlgunwd BU
inhtgbppny W npwug npn2 Jwup pwithwugnid £
Gnynph JrUninpwn: Lwhupwl JeUninpuinh dheny
wlglbu UptgqwyhU ninnuwhwjwg 1 U? dwybpt-
uny wnwnpwdéph Jheny wugunn Eubpghwih pw-
Uwyp hwyjwuwn £ 1,366 Ywwnn JGY pwnwynt-
uh dtwnph dpw (Mwn/u?): Uw hwjinbh £ npwtu
wnpbquwyuwjht hwunmwwnnilu:

Gpp UpGawyh twnwquwjpUbpp Ubppwhwl-
gnud GU Epyph JpUnihpnn W wugunid Bu Jpln-
Inpnwjht quuqywéh dhgnd, wjn Eutpghwu
ujwqgnud E: LhnyhUu wplnn opjw dwdwlwly,
Gpp UpGgwyp gwuydnwd £ gEupenud (wjuhupu®
tnp UnGqwyh nhppp Spyph Jwytptuh Uywn-
Jwup gwnuygnid £ 90 wunhdwUuh wulyjwlu nwy)
6ndh dwywpnwyhu hwulnn EuGpghwu hwyw-
uwp £ 1,000 dwn/u* Uw hwjinth £ npwbu hnnt-
dwjhu Swnwguwjpnid: Nppwl ényh Jwwpnw-
Uhg pwpép £ Y| dwybptuh pwpapnieincp,
wjupwl JG6 E npwl hwulnn EuGpghwl:

Gnp UnGgwyh nhppp Gplyph dwytpGuh Uwwn-
Jwdp gwuynid £ 90° wuljwl nwy, wwyw 6w-
nwagwjrutpp hwulinud Gu JwytpGuplu wdtuw-
wpéd oSdwlwwwphny: PLPwuh np  Gpyhpp
wwnwnynid £ hp wnwugph 2nLpg, wuww wnyjug
JwybnptGuh hwppniejwu UWywwndwdp dwnwqw)-
rh wuyniup thnpudnd E: UpGquyh dwnw-
quwjrUEph wuyjntuhg £ ywhuywé npwug’ Jwyb-
npGuhU hwulbnt hGnwynpnipjntup: Ophuwy®
30° wulywu wwly wyn hGnwynpnipinilp
Unyuwyh wybiwunwd E: Uplwdniinhu wyn ht-
nwynnpnientlu wytwunwd £ Uhugl 39 wugqwu:
Gnwynpnipjwl wybwgdwup gnigwhtn Ujw-
gnud £ Gpyph Jwybplnyrehu hwuunn Eutpgp-
wlu: Ongyh dJwybplnyphu 30 wuwmhdwuh
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the amount of energy available over a certain
period of time, e.g. the reference radiation of
1,000 W/m?yields energy of 1,000 Watt-hours
(Wh) per square meter in a one-hour period.
This can be expressed as 1 kWh/m?% This
means that the energy available to be
converted to electricity or heat by a solar
device is 1 kilowatt-hour per square meter
(kWh/m?) of surface area.

Over a one year period, solar irradiation (also
known as insolation) in Yerevan totals roughly
1,650 kWh/m?. In Armenia this figure ranges
from 1,500 to 1,900 kWh/m? per year (Figure
7). In contrast, most northern European
countries have much lower rates of annual
insolation. In Germany, for instance, this
number averages at 1,100 kWh/m? per year
(Figure 8). The same map shows that some
parts of southern Europe, northern Africa,
and the Middle East reach solar irradiation
rates as high as 2,200 kWh/m? per year.

Figure 7. Solar irradiation throughout Armenia
(kWh/m? per year)

1900-1801
1800-1701

Total Horizontal Radiation
(kWh/m2 year)
Cunwdtup hnphgnbwlywl Gwrwqwjpnid
(ylind/u? nwinpblwl)

Ljwp 7. 3wjwunwbh nwpwépnid wptguwly-
bwjhu Swnwguwjpdwl wpdtputpp (u‘J.md/L[2
wnwptlywl):

wulyjwl wnwy hwulunn EuGpghwjh pwuwyp 730
dwin/U?E (unynpwpwn® Bpynt wwuty):

Fwgh wplh dwnwagwjpUEnph hunGuuhynLent-
Uhg, npu wpwnwhwjnyned £ dwn/u?ny, uwplnp
E bwl hdwlw] npnwyh dwdwluwlywhwunyw-
onwd wnyw EuGpghwjh pwuwyh Jwuhu: Uju-
wtu np, ophuwy, 1,000 dwn/u? hnnwdwjhu 6w-
nwagw)pUdwl nGwpnid JGY pwnwynwuh JGwnph
Jpw JGly dwdjw pupwgpnid unwgynn tubn-
ghwU hwywuwp £ 1,000 Jwwnwn dwdh (dund):
Uw Ywpnn E wpnwhwndb wjuwybu® 1
ydwind/u® Uw Lpwlwynid £, np wpliwghu uwp-
ph ynnuhg ElGYunpwywu Ywd gtpdwihu Eubp-
ghw unwluwnt hwdwp wnryw Eubpghwl hw-
quwuwp E 1 Y4 dwdh® JGY pwnwyniuh UGwnn
dJwybnptuhg (nd/u?):

Gplwunwd JGY tnwpyw pupwgpnitd punhwuntn
wnbgwyuwjhl dwnwagquwjpenudp Lwl Yngynid £
huunpwghw) Ywaund £ Unin 1,650 Ydwnd/u®:
Swjwuwnwunid wjn gnigwuh2p tnwwnwuynid E
nwnbywl 1,500-hg Uhusl 1,900 Yduind/u? dhow-
Ywjpntd (UY. 7): wdtdwwnniejwl hwdwp® 3jnL-
uhuwjhu GYypnwyuwjh Gpyputbph U6 Jwunid inwi-
nEYWU wpBgwyuwjhbu huunjwghwu 2wwn wybih
gwon E: QGpdwUuhw)nid, ophuwly, wju gnigwlh-
2n Ywaqunid £ Uhghup 1,100 Ydwnd/u? Ukl nwp-
Jw pUpwgpntd (Y. 8): LnLu pwnpwbgnid gnijg
E wmpdwé, np Iwpwydwihu Gypnwwih, 3jnLup-
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&5

Figure 8. Solar Radiation for European countries (kWh/m? per year).
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Ljwp 8. Upkqulluwjhu Gwnwquwjpnidp Yypnwywywl Gpyputpnd’ ledltI2 nwpbywl:

Seasonality and weather conditions also
have an impact on the solar radiation reach-
ing a surface. One can see the extent of var-
iation in solar irradiation from month to
month in data provided by the Yerevan solar
monitoring station at the American Universi-
ty of Armenia. In July, the solar irradiation is
above 229 kWh/m?, while in the January it is
32 kWh/m? (Figure 9), a sevenfold differ-
ence.

utgnuwjuntpejnitup b Gnwuwlw)hu wwjdwuub-
np unyuwbu wgnnud BU gwuywgwéd Jwybn-
untjpht hwulnn wpbGqwyuwjhu dwnwagw|pe-
Jwl pwlwyh Jpw: Swjwunwlh UWdEphYyjwu
hwdwuwpwuh UpGgqwlUwjhu JnUhpnphugh
wjwuh Ynnuhg wpwdwnpwsd  nyjwiutpp
gntjg GU nwhu Gplwund wpbGqwyuwjhu dw-
nwawjrUwlU wduwywlu nmwwnwuncdubnp: 3nch-
uhU  wpbgwyuwjhu  dwnwqgwjenidp 229
ydwnd/u®-hg pwpan E, huy hntuwpht wjl Yug-
Unwd £ 32 4dwnd/u? (LY. 9)' tnwppbpnieintup 7
wluguwu E:
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Of course, at night, there is no solar radia-
tion; therefore, no solar energy is available.
All of these factors describe what is meant
by the intermittency of solar energy. How-
ever, despite this intermittency, solar energy
(both as a source of electricity and as a
source of thermal energy) remains a mas-
sive and untapped resource, a resource that
can meet human energy needs several
times over.

Application of Solar Systems at a Given Site

As discussed in the previous section, the
potential for the use of solar energy is in part
dependent on geographic location. However,
there are many other site-specific and
technical requirements for optimizing solar
energy gain. This section will discuss these
other important variables.

Figure 10. Sun in the sky during different sea-
sons. It is essential to orient panels at a certain
degree to the south. The exact angle depends on
many factors, such as geographic location, desir-
ed output from panels, and aesthetic considerati-
ons

¢
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Lywp 10. Swpjw wnwppbp Gnwbwyutphu Gp-
Yupnid UpGgqwyh nhppp: Ywplnp £ ywubuGpp
ynuypbn  wluyjwlu wwy Ynnuunpn2tp ntwh
hwpwy: Ghon wulyjwlu punpnipyniup ywhujwé
E 2wwn gnpénultphg’ w2uwphwgpwywl nhpp,
wwlbthg uywuynn wpnwnpwup, gnwaghwnw-
Jwl hwpgbp:

A. Solar panel orientation

The orientation of solar-conversion devices
(such as PV panels) is extremely important
to harvest the maximum amount of energy
from the sun. The first rule is to face solar

Figure 9. Monthly insolation (solar irradiation) rates in
Yerevan

Source: Solar Monitoring Program, College of Science and
Engineering, American University of Armenia
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Eutpghwjh yhpwnnudp: Wu pwdunwd ypuuwny-
J&u wyn Jjntu uplnp thnihnpuwwuubpp:
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panels in the direction of the equator. If you
are located in a country in the northern
hemisphere (such as in Armenia), with the
sun traveling east to west, sunlight will be
mostly southerly, particularly in winter
(Module 4 on passive solutions and building
orientation). For this reason, designs for
solar PV panel installations on buildings in
most northern hemisphere countries are
oriented towards the south (Figure 10).

B. Angle of solar panels

Once panels are facing south, we still need to
decide at which angle the panels would be
placed facing south. Should it be tilted 10
degrees from a horizontal surface to the
south, 45 degrees, or 90 degrees? Figure 10
shows the optimal angles for harvesting the
maximum solar energy during a year. As can
be seen from Figure 11, in northern Europe,
such as St. Petersburg or Stockholm, the
optimal angle will be greater than 48 degrees.
In southern Europe, northern Africa, and the
Middle East, the optimum angle is between
26-30 degrees. In Armenia, the map states
that 30 degrees south is the optimal angle on
an annual basis (Figure 11).

Optimizing annual solar harvest may not be
the primary objective of design; maximizing
gain in a particular season (such as winter or
summer) may be your objective. In that
case, the angle of the panels would have to
be adjusted accordingly. To see optimum
angles for various design objectives, visit
http://solargis.info/.

ninny (Unnntp 4, Mwuhy (nudnwdubp W 2GUph
ynnuunpnonid): Wjn huy wwuwndwnny hjntuhuw-
JhU Yhuwglnh 2w Gpyplutpnid 26LUpGPH Ypw
nbEnwywjwé wplwjhu $4 wwubuEph nhppp
ynnuunpn2yned £ nGwh hwpwy LY. 10):

f. UpLwjhUu wwubuGph mEnwnpdwu wuyjniup
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pnid owywnhdw| wulynitup 26-30 wuwnhéwuh Jh-
swlwipnid E: Cuwn pwpubgh' Iwjwuwnwuncd
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nignud Gup tnwpGywu Yyunpusdpny owunhdw
pwuyh wpliwjhu EuGpghw npuwy (LY. 11):
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Figure 11. Recommended angles of panels if the aim is to maximize solar gain
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Liwp 11. Uptqulhg wrwybjwgnyu pwuwyh tutpghw npuwint hwdwp ywubiutph nhpph wnwwny-

ynn wuyjnitup:

It is possible to add technology to track the
sun (both time of day and its seasonal an-
gle). However, there are two factors to keep
in mind with regard to solar tracking devices:

1. It is an expensive solution. You would
have to invest in a support structure for
rotating panels, as well as sensors that
control the tracking. In addition to the
upfront investment, you must also in-
troduce mechanical moving parts, which
would require maintenance and repairs.
A tracking system like this will have to be
well designed and constructed to sustain
wind and other loads. Tracking solutions
may increase the overall system cost by
35-50%, if not more. This increase may
become even greater, as solar PV panel
costs continue to decrease.

bPhwpyt, Ywpblh £ [pwgnighg nbhulhywywl
(nLonLdutnh dhgngny htwnlb, UpGqwyh 2wnpdhu
(wulyntup hwpdwpbgubin W opdw dwdtnhl,
L nmwpjw Gnwuwyutphu): Uwlwju UpGgwyh
owndhu hGnlwnn uwppbph wnnudny wbwp E
hw)yh wnut| hEinlww| GpynL gnpénulbpp.

1. Yw pwulwnpdtp |nuoénwd E: Minnynn ww-
uGuGpp ypnn Ynuuwnpniyghwubpnp L hGun-
LGt pupwgpp Ywnwywpnn uGUunpubpp
uGpnpnudubn GU wwhwugnid: Pwgh ulyg-
puwlywl utpnpnidutphg, wwnwnynn JGhuw-
Uhywywl hwugnygubpp  wEhuuhywywu
uywuwpydwu LW yJGpwunpngdwl Ywphp
yniuGUwu: IBnUEAL UJwUu hwdwlwnagp
wbwp £ bwhiwagédh nt Ywnnigyh wjuwbu,
nnp Jupnnwluw nhdwUw| pwdnt dupdwu pb-
nhu W wj| wqntgniejntlubphu: 36nlnn hw-
dwywngny |néndp wpnn £ wdpnng hw-
dwywpgh wnpdbpp JUGéwglb, 35-50%-n4,
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2. The advantage achieved by tracking is
relatively small, usually not more than
around 15-25% of the total output. The
reason for this is related to the fact that
when the sun is not at its zenith, its rays
need to pass through a thicker atmos-
phere layer and thus get attenuated.
Therefore, by adding tracking devices,
not only are the costs substantially in-
creased, but the yield differential would
not typically compensate for the addi-
tional cost.

Fortunately, architects almost never con-
sider using tracking systems as elements,
and instead use immovable components.
However, if the architectural context dictates
the implementation of tracking systems, the
two aforementioned factors should be taken
into account.

C. Placement of panels away from shade and
shadows

The next important consideration is to pro-
vide a shadowless site for solar panels, so
that there is no loss of energy output due to
the shade provided by the surrounding
buildings, trees, etc. See Figure 12 for ex-
amples of PV panels that are fully or partially
shaded. Poor design and installation can
also result in the PV panels themselves
casting shadows on each other, a self-
defeating outcome.

Grbt ng wytih: Wu |pwgnighs Swhuuh Jwu-
Uwpwdhup Ywpnn £ £l wybh dGdwuwi, Grb
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2unphhy huwpwynp Yihuh funtuwtht) 2ppwiw
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Figure 12. Shade cast on solar panels makes
harvesting energy either impossible or sub-
optimal, depending on the degree of shading

In top photo, the PV #
panels are completely P
covered by tree shading. [

In the middle photo,
unlike the top photo, the
PV panels are not fully
covered. They are parti- (%
ally shaded, reducing the [§
effective output of the §
system.

Ljwp 12. Upbwjhu ywubh ypw pulunn undbpp
tutpghwjh oquwgnpénidp nupéund £ Jwd wuh-
Uwp, jud ng oyyunpdw' yuwpuwé unytph wuyyniupg:

dbppl Uhywpned. 4 wwlbl-
S LGnU wdpnngnipjwdp Swéyjwé
- F GU SwntGph unybpny:

Ubownbnh Uhwpnid. b innwppt-
pnieintt yGphu Uywnpp® wjuntn
ddY wuwububEpp Yhuny swih Gu
swolyywéd uwdtpnd, nph wp-
nntupnid hwdwlywpgh wpwnw-
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In bottom photo, the PV [&
panels are poorly spac- [&
ed, shading each other.
Proper shading analysis
would have avoided this
problem.

D. Demand-specific considerations

In designing a solar PV system, the architect
and engineer need to consider several addi-
tional factors related to the energy demand
of a building. These additional factors in-
clude patterns of energy use in a building,
load leveling or matching of the patterns of
energy generation and consumption, and
system optimization.

Patterns of Use: Proper sizing of the system
defines how much energy is required to
meet demands in a building. Energy could
be used for lighting, washing, electronic de-
vices, etc. An office or a university building
will have very different energy use patterns
than a residential building. Likewise, an in-
dustrial facility will have a very different en-

Uwnnppl Uhywnpned. d4 wwub|-
UGpp Jwwnn BU nEnwywwé W
| unybpnud U Jpdjwug: Uinybp-
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wwhwlswnyhu: Ywup wnugynd GU pEUpnud
EuGpghwjh oguwagnpédwl wwjdwuubphl, pt-
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npniejwl U uywndwl hwdwwwwnwuppwubg-
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62anhwn swhtpp npnpynid E' Glubny 2Guph hw-
Jwp wuhpwdtwn EuGpghwh wywhwluswpyhg:
Eutpghwlu Ywpnn E ogquwgnpdyt] |nLuwyn-
nnLRjwl, [wgph, EiGUNpwYwU uwpptph b wjg
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ergy demand pattern depending on what,
when and how it produces.

An architect and a mechanical/electrical en-
gineer need to understand these patterns to
properly size and design a solar PV system
and its components. Generally, energy de-
mand in a building is determined by the fol-
lowing patterns:

e Daily - demand per hour of the day;

o Weekly - change of daily pattern across
the days of the week;

e Monthly - changes across months as af-
fected by seasonal or other factors;

e Seasonal - changes of monthly and all
other demand patterns based on sea-
sonal factors.

Load Leveling: Figure 13 shows how daily
supply of solar energy from PV panels
matches demand patterns of a residential
unit for a mid-season day. As you can see,
there are hours of the day where there is
greater demand than supply and vice versa.
Also, similar disparity exists between sea-
sons. If you design your system to provide
all of your winter needs, say in heating and
lighting, you will have significantly excess
capacity in all other seasons.

15 L \Wh
1. Udwngd

hours / dwdbip

a) Storage of energy in batteries, to be
used when there is a supply deficit (such
as no sun or shady days). This is
particularly useful when the costs of
connecting to the national or local grid
are costly. Keep in mind, however, that
batteries do not have 100% efficiency,
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i.e. batteries do not give back all of the
energy sent to them. When they are new
they retain about 90% of the energy
supplied. As they age, this may go down
to 40%, with a lifetime average of 60%.
Moreover, they are often expensive and
have environmental hazards when
discarded.

b) Selling electrical energy to the national
grid through net metering. When the
household does not use generated en-
ergy, it is not lost but goes to the utility
through a two-sided meter, allowing you
to use your own generated power at any
convenient time. This way the capacity
usage factor (or simply the capacity fac-
tor) of the system is being increased to
its full potential.

System optimization: It is important to take
into consideration that aiming to provide all
the demand in all seasons from sunlight
through your system might not be optimal.
You will have to have a system that is very
big; its generation will be merely adequate
during the down season, e.g. winter in the
northern hemisphere. During all other sea-
sons you may have extra generation that
you need to sell, otherwise it will be lost.

In very large projects, it would make sense
to have an engineer run simulations to iden-
tify optimal solutions. An engineer should be
able to simulate the particular application
using software, such as Energy 10, Trnsys,
etc., that accounts for geography, building
orientation, weather conditions (tempera-
ture, humidity, etc.) and seasonal data to
offer optimal solutions.

E. Sizing the system

To know what your costs will be depends on
the size and type of solar system installed.
To determine this, the following information
has to be obtained:

1. Define consumption patterns as described
above, i.e. how much energy you need on a
daily basis. Solar PV panels can provide
power for electricity needs, which can include
heating of water or space. Keep in mind,
however, that the space and water-heating
need may be best met through solar-thermal
collectors discussed below. One also needs to
remember that space-heating needs are the
most important at the periods when there is
not much sun, making this demand more suit-
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able for mid-season, i.e. spring and fall.
2. Decide if your system will be grid con-
nected or not.

3. Define the components of the system and
their size, and match the components of the
system with the architectural concept that
you have. Importantly, make a decision on
the area of the solar panels that will need to
be installed on the rooftops, facades, or so-
lar trees. Do not forget that, depending on
your architectural solutions to the type of
panels you decide to install, you may need
to have a type of panel that has higher or
lower efficiency, thus requiring a differently
sized area.

4. Consider financial issues: higher efficien-
cy panels have higher prices. Consider price
per peak power: $/Wpe Today, prices
range from as low as $0.4/W,e, for con-
ventional silicon cells at low efficiency, to $4-
40/Wpeak for thin-film, specialty (e.g. multi-
junction) modules, as well as for higher effi-
ciency.

5. You may need to go through a second
iteration to match a solar system with your
architectural idea.
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SOLAR-THERMAL COLLECTORS

While PV technologies use sunlight to gen-
erate electricity, solar-thermal technologies
capture the sun’s heat and transfer it for use
in a building. The most common use of
captured heat is to heat space or water.
Much less common is using captured heat to
cool buildings - this is done through the use
of desiccant cooling technologies.” It is also
possible, although not very commonly done
at the building scale, to use the heat to
generate electricity. In this module we will
focus on solar-thermal collectors both as flat
panels and evacuated tubes (Figure 14).

urcJdushru 26rUU3hL
unLgusnruer

d4 nbhuuninghwutpu wplh (nyup Jdhongny
ElGyunpwtutpghw U wpunwnpnud, huy wplbw-
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ph wd oph tnwpwgnidu E: @GEW nw wjupwl £
wwn th Yhpwnynid, uwlwju npuwé stpunt-
pinLtup Ywpnn £ ogunwagnpéyt] bwl 26Uph hn-
Jugdwl bywwwyny: Mw Juwnwnynd £ pun-
Lwywylwuhg hnqugdwl nGhuuninghwutph Uh-
sngny*: Iuwpwynp £ bwl, pEU 26Uph Jwlwp-
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Ljwp 14. Uplwjhu gEpdwjhu Yn EYwmnpukpp thuncd
Jwynnidwjhu punnnjuiyutip (weohg):

The main difference between the two is that,
unlike flat panels, the pipes in evacuated-
tube systems are placed in vacuum com-
partments (“tubes”), thus eliminating the
losses associated with air convection. Evac-
uated tubes achieve temperatures at a high-
er capacity factor, i.e. more operational
hours at the same geographical location
(see Figures 15 and 16 for details on the two
types of solar-thermal collectors).

Solar-thermal collectors are similar to green-
houses, where higher temperatures are
achieved due to blocking convection losses
through glass insulation. Additionally, solar-

* For more on desiccant cooling, visit www.solair-project.eu.

>
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thermal collector panels block rear con-
vection losses and infra-red back radiation
from the absorber that has become hot due
to solar radiation.

/—‘ ‘ Low Iron Tempered Glass
| |
ik T [eectve coatng | . A /][ Absorer

ECOECECNCNCN

= S =S =

Rear Screen (metal) |>

The temperature of any construction or body
is a result of equilibrium between input and
output energy forms. Inputs are usually
through solar radiation or other sources,
such as hot winds. Outputs are through con-
vection, reflection, contact-heat transfer and
infrared radiation. Like greenhouses, solar-
thermal collectors have higher temperatures
inside as they shift the balance towards
higher temperatures by blocking or sub-
stantially decreasing the convection process.

Integration of solar-thermal collector techno-
logies into building components and building
design is more limited than for PV. This is
because solar-thermal panels are signifi-
cantly heavier. While standard, rigid PV pa-
nels weigh around 14 kg per square meter,
solar-thermal collector panels weigh 25 kg or
more per square meter. In addition, solar-
thermal collectors are much thicker and
need plumbing connections.
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Figure 16. Typical design of an evacuated-tube solar-thermal collector
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Solar-thermal collector systems have two
major types of configuration, one where there
are freezing temperatures and the other
where there are no freezing temperatures.

If there is water inside the solar-thermal col-
lector and the temperature is below 0°C, the
panels are jeopardized as the freezing water
expands, leading to pipe cracks. To avoid
this situation, antifreeze is used in a closed
loop, and the heat has been transferred for
use through a heat exchanger. Fortunately,
these heat exchangers have very high levels
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of efficiency, so losses on them are actually
negligible.

If there is no danger of freezing tem-
peratures, the solar-thermal collector system
is basically one contour (loop), convection
driven (no pumps needed, and the tank is
over the panel). The design consists of the
following components (Figure 17).
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Figure 17. Two types of one-contour loop systems. Option A relies on movement of the liquid through
convection, i.e. no pumps needed. Option B adds a pump, which gives greater flexibility in the location of the

water tank.
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B. A more efficient but still one-loop system
adds: (4) a water pump for more convenient
placement of the tank, (5) PV panel, (6) cont-
roller.
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Figure 18. A dual-loop system
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If vacuum-tube panels are used, it is pos-,
sible to have a one-loop configuration in
non-freezing climates. Evidence shows that
automatic control and an auxiliary heater
might be optimal in contrast to two loops,
and an antifreeze-loaded system.

Assessing the potential of a given site for
using solar-thermal collectors follows the
same logic as that of PV. See “Solar
Potential in the World and in Armenia”,
above, for critical factors to consider in the
location and installation of solar panels.
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BOX 3. SOLAR-THERMAL COLLECTORS
IN ARMENIA

Buildings with integrated solar-thermal collec-
tors in Armenia are rare. The presented figure
shows some solar hot-water supply system pro-
jects in the country.

Solar hot-water supply system implemented in
Armenia

Solar hot-water supply system in the existing heat-supply
system of #70 Avetisyan str. boiler house

Within the scope of this project the solar hot-water supply
systems (78 square meters) were installed on the iron con-
structions on the roof of the boiler house. This system is
combined with the gas-operated boiler

| .
————
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Source: Photos provided by the UNDP/GEF “Armenia -
Supply” project.
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np Unyuwbu hwgyuwagjnin Gu: LEpYwjwgywd Ljw-
pned wwwnybpdwséd Gu 33-nd hpwlywuwgwsd uh
pwluh tnwp spuwdwwnwywpwnpdwl bwhiwgoétkn:

33-nd hpwwlwgywé nmwp gpnwdwnwlwpwpdwl
hwdwlwpgbp

Solar collector-based hot-water supply system in a child care and
protection establishment in Kapan, Syunik marz

The 24 square meter solar-thermal panels were installed on the
building roof. Water heated through the heat exchanger is ac-
cumulated in a 1000-liter water tank. The installation of the system
provides about 30 MWh of thermal energy annually

Upliwhtu yniGYwnnpny wnwp spwdwnmwlywpwpdwl hwdwlwpg:
SEnwnpdwé £ Uintuhph Jwpgh Ywwwl pwnwph Uwubwu
hubwdph W ww2unwwuntpjwl hwutnwwnniejniuntd:

UpLwjhtu gbpdwihu wwubutpp (24 LJ2) inGnwnnybp Gu 26Uph
inwuhphl: QEpdwithnpuwuwyhgh Jhgngny nwpwgwé onipp yne-
wnwyyntd £ 1000 thinpwung oph lnwpnnnijwl UGe: Iwdwlwngl
wpunwnpnd EnwpBywu dnn 30 Udind gtpdwjhu Eubpghw:

Improving the Energy Efficiency of Municipal Heating and Hot Water

Unpjnp® «Rwnuwpwjht gbnnigdwl W wnwp gpwdwwnwlywpwpdwl EubpguwpnnibwyGunipjwl  pwpbépwgnidy UU20-

QEH/00035799 Spwaghn, ybp-Ywjpp' www.nature-ic.am
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SOLAR WALLS

Solar or Trombe walls are south-facing walls
that have two layers, an interior layer made
of masonry or concrete and an exterior layer
of glass mounted in front of a dark-colored
wall. The wall absorbs and stores solar heat
(Figure 19).
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The two layers are typically separated from
each other by 10-20 centimeters. The sun,
moving at a lower angle in the winter, di-
rectly hits the glass or the absorbant sur-
face, with the heat transferring to the interior
of the glass. Like a greenhouse, the temper-
ature of the space in between the two layers
increases as more heat enters than leaves.
Some of the heat is then transferred to the
masonry or concrete wall, which in effect
acts as a heat-storage device. The wall ac-
cumulates the heat during the day and re-
leases it to the interior at night.

Some Trombe walls, like the one illustrated
in Figure 19, have vents in the interior wall
that take advantage of convection, bringing
in cold air from the bottom vents and ex-
hausting hot air from the top into the interior
space. When the interior wall does not have
vents, the heat transfer between the interior
wall and interior space occurs through radia-
tion and not convection.

The heat gained from a solar wall is directly
proportional to the surface area of the wall.

urc4ushu MUSGN

Uplwjhu ywd @npndph ywwnbpp hwpwyhu Uw-
Inn Gpy2Gpin wwbn Bu, npnug UGpuh Ynnup
pwphg wd pbGinnUuhg E ywwpwundws, huy
wpunwphuhg' wywybwyww 26pnt wdpwgywd
E Unig gnund UEpYJwéd ywwnhu, npp Yiwunwd £
Uplh eGpunieiniup’ wyu Yninwybind wwinh
qwugywéh uke (LY. 19):

Snynt 26pnEpp undnpwpwn Jhdjwughg 10-20
ud-ny htnnt GU npynwd: Qdnwlp wybih gwop
wulywu wnwy 2wnpdynn wplh dwnwagw)rUENU
ninnywdé Bu dhpin wwwyntu ywd Yiwunn Jw-
yGpGuhu W Upw ebpUnLE)NLLU wlgunid £ www-
ynig Ubpu: pdwnwu wbu® wwywynig Ukpu
nwnwépnud gEpdwunhdwup pwpépwunwd E,
pwuh np wybh 2wwn stGpdniejntl £ Ubppw-
thwugned, pwl wpéwyynid E: Uyn estpdniejwl
Uh Jwup thnpuwugynid £ pwpt Ywd pGinnlut
wwwhu, npu wju nGwpnwd hwuntu £ qwihu nn-
wbtu EuGpghwh Yyniinwyhg uwpp: Ybpehuu egtin-
dnipintl £ Yniinwynud gbptyjw pupwgpnid L
gh26npu wjn g¢bpdnieyntup wugunwd E GUph
ubnpup:

EPnndph wwwbpp' huswbu uy. 19-nwd ubpyw-
jwgywép, ubpphU wwwbph ypw onwihnfudwl
wugpbpn nlutu, npnup ynudtlyghwih Gplnireh
ounphhy unnphu wugptphg yGpgunwd Gu uwnu
onp, huy ytphtu wugptphg wmwp onp Unntd Utp-
phu nnwpwép: LEpphU WwwnbEph ypw onwthnfu-
Jwl wlgptph pwgwlwjnipjwl nGwpnd Lbn-
phUu wwwh U UGpphU Lwpwéph dhol gstndw-
thnfpuwlgnudp Ywwnwpynwd £ dwnwqwjpdwl W
ng G Ynuytlyghwjh dhgngny:

UplwhU  wwwnhg uwnwgynn 9GpUnipnLUU
ninhn hwdGdwunwywl £ wwwnh JdwyGpbuhl:
Nppwl U6 E wwuwnp, wjupwl 2wwn gGpunipynLl
E yiwuyned:

hUuswbu wwwybpywd £ Uy. 20-nwd, wplwihu
wwuwnh hwndwép Ywnpnn £ wybih thnpp |huby,
pwl wdpnny wwwh dJwybpbup: Pwgh wjn,
unyGpwéwoéyh Ywd thwprwreynn pnyutph hw-
dwp Ywrnigywé dwnwywunwyh vhengny wd-
nwup JwpGh E wwunp yw2unwwub wplhg:
Swdwwwwnwupuwl Uwhiwgsh JUhgngny, oph-
uwy® wpnwphu ywwnbph ypw pwgdwd onw-
thnfudwl wugptnny, huwpwynp £ Unyuhuy
Ubnuh wwwbnphg htnwglt| stGpdniejntup, npu
wplwihtu wwuwnp YyEpwdh wplwghu spulkny-
gh: Uw wju qunwthwpu £, npu puywé £ pwwn
Uwhiwagénnutph, ophuwy’ Unpdnuhuh Ynnuhg
ywnnigynn Gpy2tpun swywwnutph hhdpnid:

Qtpdniejntu Ynuinwybint b ghpGpwihu dwuk-
nhu wju wpéwytint bwwwwyny wwwknph
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The larger the wall, the more heat gained. sGpdwjhu qwugywdl oguwagnnéybl £ nwpbp
As Figure 20 shows, a solar wall component cwpniuwy: Enqunn Unpup 19-nn nwph yGpehu
can be smaller than the entire wall. Additio- wwuwbph ypw wwwyt 26pn wybwgubine Uh-
nally, shading or trellis plants could help ongny Ywuwwnpbwagnpébtg wju gnpdplpwgp:
keep a wall protected from the sun in the Pwjg Uhwju 20-nn nwnh Ycubphu en, np dGhpu
summer. With the appropriate design, such EPnnUpp qupqwgntg wjn quwnwthwpp' ybpw-
as having vents on the exterior walls, they 66Ny wju 2EUph SwpnwpwwbEwnwywl pwnwn-
can even help to remove heat from the nhgh:

interior walls, acting like a solar chimney.
This is the idea behind many of the double-
skin facades of buildings by Morphosis.

The use of the thermal mass of walls to store heat for release at night has been in use for centu-
ries. Edward Morse, in the late 19" century, enhanced this process by adding a layer of glass on
top of a wall. It was not until the mid-20™ century; however, that Felix Trombe refined the idea into
an architectural element for buildings.

Figure 20. Use of Trombe walls in residential buildings. Note that the entire wall does not need to be covered

Ljwnp 20. Epndph uqujmnu_ uwnmgu_ujb puwlyblh wnwudUwwnubp: buwmbUQ, nn wdpnnz wwwnp Swolybint
Yunhp shw:

Figure 21. Variation of a solar wall used widely today, especially for heating industrial spaces. Perforated
aluminum strips cover walls with space in between to allow for the heating of air. The hot air then flows or is
pumped into the building
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Image / ywuwybpp' www.solarwall.com

Ljwp 21. Uplwjht wwwh Ubpyuynidu puyunptu Yhpwneynn nwppbpwy' hwnjuwwbu wpnwnpuyjwu
nwpwdplbpp gknnigdwl hwdwp: MEpdnpugywd wygndphuk gnitpp 26pnp wdpwgywéd £ ywwnhg hkent'
wyn Gpynuh dhg onp wmwpwglubint hwdwp: Swp onp hGwnn hnunwd Ywd dnynud E nbwh 26Uph UGpup
(Ywpnuwy wniwly we ynibwly)

More recently there has been a new varia- Jdbpgtnpu uwnbnédbp GU @pndph wwwh wy|
tion on the Trombe wall, especially in tnwppGpwyutp, npnup ubGpywyntdu Yhpwnyned
industrial buildings. In this variation, the GU hwwnywwbu wpunwnpwywl 2G6UpGpnud: Wju
exterior layer is not glass but perforated nwppbpwynid wpwnwphtu 26pnu wwwynig sk,
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aluminum strips assembled on the southern-
facing wall of a building. Cooler air enters
the space in between the perforated alumi-
num and the wall. As the sun heats the
aluminum (and the space between the two
layers), hot air begins to move up, which is
then pumped into the interior space for
heating (Figure 21).

WIND TURBINES

Wind Power Technologies

Wind occurs when warm air rises and cool
air moves to fill the space created by the ris-
ing warm air. The sun is the key element
that heats up the different parts of the Earth
at different rates, and creating the
movement of air (wind). Wind turbines cap-
ture this kinetic energy and transform it into
mechanical and then electrical energy.

There are two scales at which wind turbines
are used: utility and small (or decentralized).
For building or community-integrated wind
technologies, the equipment wused s
small/decentralized. Here we will briefly re-
view both so students have a larger perspec-
tive on wind energy.

a) Utility scale - when wind turbines have
larger than 100 kW capacity® and are as-
sembled in onshore and offshore wind
farms. Today, wind turbines are available
up to 7.5 MW, although there are plans in
future to produce 15 MW turbines.® The
largest currently operating onshore wind
farm, which consists of hundreds of wind
turbines, is the Gansu Wind Farm in Chi-
na, with 5,000 MW of installed capacity
(12.5 times greater in installed capacity
than the 400 MW Metsamor Nuclear Po-
wer Plant in Armenia). There are plans to
increase Gansu’s capacity to 20,000 MW
by 2020. As of early 2014, the largest off-
shore wind farm was the London Array,
with 630 MW of installed capacity, con-
sisting of hundreds of large wind turbines.

b) Distributed or “small” scale — when wind
turbines have capacity of 100 kW or less.
These small turbines are as small as 1

® Definition used by the American Wind Energy Association.

wj| wnnigywéd £ wbpdnpwgywsd (wlgptinny)
wyntdhut gnGphg, npnup wdpwgyned Bu JGU-
ph hwpwypl Uwjnn wwuwhl: UdGh uwnu onp
utGppwthwlugnid £ wEpdbnpwgwd wnwdhup W
wwuwnh vhol puywé nwnpwépp: Gpp wplp nw-
pwgunid £ wynwdhup (W Gpyne 26pinGph dhpl
tnwpwdépp), www wnwp onp uyunud £ y&p 2wnd-
4Gl nt hElmwaquwynid dnynwd £ nGwh ubpu® nw-
nwoéph gbnnigdwl Uywwnwyny (LY. 21):

INQAUU3hL SNrephLLEN

InnUwjhu EuEpghwjh mEhuunpnghwubp

Gpp wnwp onp ybp £ pwpépwluncd, huy uwnl
onp 2wpdynid £ pwpépwgwd tnwp onh hGwnl-
wlupny wnwowgwd wquwun wnwpwdnLpnLtup
gpwnbgubnt, www pwdh £ wnwewlnid: Uplu
wju hhduwywl gnpénUl E, npp wwpptp hu-
intGUuhynipjwdp tnwpwgunwd £ Gpyph mwpptp
dwubpp W onh pwnd £ wnwewgunid, wjuhupl®
pwuh: InnUwjhu nntpphultpp npunwd GU wju
yhuGwnhy EuGpghwu W thnpuwytGpwned uyqpenid
JGruwupywywl,  wjunithGinle  EGYnpwywl
EuGpahwyh:

Inndwjhu nnitpphuutpp gnpéwéynid U Gpynt®
Juwjwuh W thnpp (Ywu wwwyEUuinpnuwgywo)
Jwlwnpnwyutpny: CGuphu Ywd hwdwjuphUu hu-
nGgpwéd pwdnt wnGpuuninghwubph nGwpnud
Uppwnynwd GU thnpp Ywd wwwyGunpnuwg-
Jwd uwppwynpnidubp: Uwywju wjunkn Jtup
hwdwnnun Ynhwnmwnpytup Gpynwulu Ef, nnwbtugh
ntuwunnubnp pwdnt tuGpghwjh Jwuphu wybih
(wju ywuwnybpwgnid juwqutu:

w) Ywjwluh Jwywpnwy. Gpp hnndwjhu wnnip-
phubpp 100 Uydwn-hg wytkih® hgnpnipjntu
ntuElu bW nGnwnpywé U gwdwpwihu Ywd
6ndJwjhu hnndwjht Yuwjwuubpnid/nwownt-
pnid: Wuop Ywnbh E gl dhugle 7.5 Udn
hgnpnipjwdp hnndwjhu wnnwpppultp, uw-
Jwju wwywagwind bwhpiwwnbuynid £ npwlg
hgnpnieintup  hwuglby Uhusle 15 Udin®:
LEpywyntdu gnpénn wdtlwhgnp gwJdwpw-
JhUu hnndwjhU nwawp, npp pwnyugwé E
hwpjntpwynp hnndwjhu innupphultphg, 2h-
Uwuwnwluh Qulunt hnnuwjhu nwwl E, npu
ntuh 5,000 Udwin npwépwihu hgnpnipynil
(12.5 wugqwd wybh £ 3wjwunwuh Utsdw-
dnph 400 Udwnn UEY-h npdwdpwihlu hgn-
npniejnitlhg): Ywu Quwuunith hgnpniejniup
gbpwquwugbint wwuutnp, pun nph Jhugl

Uwhdwuntd U ogunwagnpéynid £ 3Innuwjhu EuEpgGnhyw)h wdbphyjwl wunghwghwih Yynnuhg:
® “Wind energy facts”, accessed October 30, 2014, http://www.ewea.org/wind-energy-basics/facts/
Stu InnUwjhu EuEpgGwnhywih BUpnwwlywl wunghwghwjh hnndwjhu EuGpgGnhywih JEpwpbnjw) hwyhpé wmentYwahpp:
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kW, which can be used for individual
buildings. 100 kW turbines can be used
to power a neighborhood or a village.

There are two types of wind turbines, one with
a horizontal axis and the other with a vertical
axis (Figure 22). The horizontal axis turbines,
ones that have blades like a propeller engine,
are the most common, especially in large,
utility-scale applications. Vertical-axis turbi-
nes are more frequently considered in small-
er, building or urban scale applications.
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Horizontal- and vertical-axis wind turbines
each have their advantages and disadvan-
tages. The advantages of horizontal-axis
wind turbines (HAWTS) include their wide
availability in the market. HAWTs are also
believed to be a more efficient way of har-
nessing energy from wind than vertical-axis
wind turbines (VAWTs). While this may be
true at the turbine level, there are some re-
cent studies that show that, at a wind farm,
when measured by energy generated per
square meter of land, VAWTs can be 10
times more effective.” This is because they
can be mounted closer to each other without
loss of turbine effectiveness (lower wind dis-
turbance from other turbines).

VAWTs have additional advantages, espe-
cially for small, distributed applications. They

2020p. JwnnigyGint £ 20,000 Udwnn hqgn-
pnipjwl Ywjwl: 2014, uygph npniejwdp
wdbuwdts 6ndwjhu hnnuwjhU nw2wp 630
Udwin npdwdpwihu hgnpnipjwdp Lnunnup
hwdwihpu E, npp Yugddwé £ hwpynipwynp
JE6 hnndwjhUu innLpphulbphg:

p) UwwyGunpnuwgywéd Ywd «thnpp» Jwlywnp-
nwy. Gpp hnndwjhu wnwpphutph hgnpnt-
pintup 100 Ydwn-hg wwywu E: Wu thnpp
innLpphuubpp ywpnn Bu (hubp 1 Y4, npp
hwpdwp E wnwubdhu 2Bupnd Yhpwnbint
hwdwp, huy 100 44w nnpphUlbpp Ywnpnn
EU Swnw)t| pwnwJwuhlu Ywd gjnLnhu:

Qnjniejntl nLlUBU Gpyne wGuwyh  hnndwjhu
wmnipphultp, Jeyp' hnphgnuwywl wnwugpny,
Jdiniup’ nunnwhwjwg wnwugpny (LY. 22): Inph-
gnuwywu wnwugpny wnnipphuutph pUWtpp nt-
nwnpwé U wywnninwlwynp 2wnpdhsh Ldwu:
Mwlp wnwyb] nmwpwsjwdubpu U W Yyhpwn-
Jnud GU hwwnuwwbu fun2nnp ElGYwnpwywjwllt-
nh  Jwywpnwynd: Nunnwhwjwg wnwlgpny
innLpphuutpp, npnup wytih hwéwpu nhunwpy-
Jnud EU npwbBu thnpp innnipphuutp, yhpwnynid
GU 26LUph Ywd pwnwph Jwwnpnwyny:

Inphgnuwywl W nunnwhwjwg wnwugpny hnn-
dwjhU wnnipphUUtGphg jntpwpwuginipu nlup hn
wnwybnipntuubpu nu pGpneynlllGpp: Inph-
gnuwywl wnwugpny hnndwjhU wnnipphultph
(RU3S) wnwybnLeyntul wju E, np npwup ont-
ywjnwd hwuwlbh Gu: Gupwnpynid £ Lwl, np
3U3S-Uubpp pwunt EuGpghwl uwuébin/ogunw-
gnpétnt wybh wpryntuwybwn Jdhong Gu, pwl
ninnwhwjwg wnwugpny hnndwjhu wnnnipphuub-
np (NFUIS): [(EL wninpphuh Jwwpnwyny uw
ywnnn E d8hpwn [huG], wynnthwunkné, Ywu yLp-
stpu Jwuwnwpwdé npn2 nuuntduwuhnpnieiniu-
utn, npnup gniyg GU wwihu, np pun hnndwjhu
nwownbtnpnud UGy pwnwyniuph JdGinph Jdpw wn-
nwnpwdé Eubpghwih swihnudubph NFURS Y-
nnn £ 10 wuqwd wytlh wprynitbwybun (hub)’:
MwuwbdwnU wju £, npn npwup Ywnpnn U inbnw-
ywjyb, dJtyp dJjnwupu Jdnuin hGnwydnpnipjwl
Jpw' wnwlg wj| wnnipphUlbphg wnwowgnn
pwunt hGnbwupny nncpphblGph wprynluwyt-
inntpjwl Ynpuunh:

NrU3S-UEpU NLUBELU Lwl wy wnwyGnLEnLultn,
hwunywwbu® thnpp, wnwuduwgywsd Yhpwnnt-
rjwl nEwptpnLd:

Ywlp, npwbu YwunU, ubund EBU wpnbu
wwwnyt] pnyy” uyuwsd Unn 2 U/ wpwagnipjwdp
pwuntg: 3U3IS-h hwdwnp, h nbw, wuhpwdtwn E
wnuywql 3 J/J: Ywplnp E W26, np NFU3S-h

7 “Wind energy”, accessed September 2014, http://dabiri.caltech.edu/research/wind-energy.html
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typically have lower wind startup rates, from owndhsp wnbnwnpynud £ Ywd gbwnuhl, ywd
about 2 meters per second. HAWTSs, however, gGwnUhU 2wwn dnwn, npp Nyl E tnwhu wnGhulp-
need a minimum of 3 m/s. Importantly, the wywl uwwuwnpyndp Ywwwnt, wybh hGp-
motor of VAWTSs is either mounted on the nnipjwdp bW wybh gwén qubpny: NFUIS-h
ground or is much closer to the ground, wnwowgnwdé  wndniyh  dwywpnwylu  wytih
allowing for easier and lower-cost mainte- gwoén E, pwl 3U3S: LY. 23-nwd pepdwé B pGU-
nance. VAWTs also have lower noise levels ptph ypw W pwnwdwubpnnd Yhpwnynn IUIS
than HAWTSs. Figure 23 shows applications of ophuwyutn, huy uy. 24-nd gnig GU npdusd
HAWTs in buildings and neighborhoods, while NrU3S yhpwndwl ophbuwyutn:

Figure 24 shows applications of VAWTSs.

Figure 23. Examples of HAWTs used in buildings and neighborhoods

»
: Al —
Liwp 23. SEupbpnud b pwnwdwutpnd Yhpwnynn hnphgnuwywlu wrwugpny hnndwjhu wnnipphuutph
ophuwyukp:

The effectiveness of renewable technology Pwlh np yGpwywuguynn wnbGhuluninghwlubph

is improving rapidly; engineers and archi- wnrnyntbwybGwnneeintul wpwg nGdwbpny pw-

tects are advised to consult experts before npGlwyynid £, wyw npwlup yhpwnbhu dwpnw-

using such technologies. pwagbwnubpht no dwpnwpwwbnubphu  hunp-
hnipn £ wnipynud funphpnuwygt) thnpdwgbtwnutph
hGwn:
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Figure 24. Examples of VAWTSs used in buildings and neighborhoods

ophuwyubp:
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Critical Factors When Considering Wind
Energy

The key variables determining how much
electricity a turbine generates include: blade
radius, air density, and wind speed.8

The larger the blade radius, the greater the
electricity produced. Doubling the blade radi-
us quadruples the power generated.

Air density also makes a difference. “Heav-
ier” air places more pressure on blades, ro-
tating them more effectively. Air density is
determined by altitude, temperature, and
atmospheric pressure. The density of air on
top of Mount Everest is much lower than at
sea level. Wind at sea level, therefore, will
drive rotary blades more effectively.

The higher the wind speed, the more electrici-
ty is generated. There are several factors that
have an impact on the speed of wind. One is
the geographic location of where the wind tur-
bine will be installed. Another has to do with
the height of the tower on which the turbine is
installed.

Some geographic locations have higher wind
speeds than others. Figure 25 shows the
average annual wind speed at 50-meter he-
ight as measured by NASA over a 10-year pe-
riod. As can be seen, wind speeds are dis-
tributed unevenly throughout the world. Some
places reach average annual wind speeds of
more than 12 meters per second (such as the
northern United Kingdom), while other places
reach average less than 3 meters per second
(such as the Amazon and the Congo basins).

Annual 50m Wind Speed
July 1983 — June 1993

N
180 —120

[ i — — [ e ee——
a0 1.3 2.7 35 45 50 55 6.0 65 7.0 7.5 &0 &5 9.0 =>12.0
Regicn average= 6.8084 (m/s) NASA/SSE 13 Sep 2004

8 European Wind Energy Association
InnUwjhu EuGpgGnhywih GYpnwywwl wunghwghw

3Innuwyjhu tuEpghwjhbu wnbgynn npnzhg gnp-
énuubpp

Wu thnhnpuwlwuutpp, npnugnd npnpnud £
nntpphuh Ynnuhg wpwnwnnynn ElGYwnpwtutp-
ghwjh pwlwyp, hGinlywil BU. pUh 2wnwhnp,
onh unntejntup W pwunt wpwagnteintup®:

Nppwl Uté £ pUuh 2wnwyhnp, wjupwl Qwwn
ElGywnpwtutpghw £ wju wpunwnpnud: @Lh 2w-
nwynh Ypyuwwwwmydwlu nbwpnwd EuGnghwjh
wnpwwnpnientul wytiwunwd £ snpu wlgqwd:

Onh puwnnipyniup Unyuwtu Ywpnn £ JG6 lnwp-
pGpnigjwlu pbpG: «WdGh Swup» onu wytih
owwn dupnd £ gnpéwnpnud pUbph Jpw W
npwup wybh wpnniuwybun Gu yunwnyned: Onh
fuinnieintup npnaynd £ pwpépnipjwdp, 96n-
dwuwinhdwuny W dpUnnpunwjhl dupdwdp: EYG-
pGuwn |Gnwl qwquwrhU onh puwnnipntup 2wwn
wyth gwép £, pwl éndh Jwlwpnwyh ypw:
Ujuwyhuny, ényh Jwywpnwyh ypw pwdhlu innip-
phup rULEpU wyth wpnntbwybun Yuwnwnh:

Nppwl UGé E pwdnt wpwagnipyniup, wjbupwl
owuwn EGYunpwtutpghw £ wju wpwnwnpnid: Pw-
Jdnt wpwagnipjwlu Ypw Jh pwlh gnpénuutp Gu
wannud: UGYU wohuiwphwagpwywlu nhppu E, np-
intn inEnwnnytnt £ hnndwjhu wnnntpphup: Ujne-
up Jwwywé £ wju wnnwpwyh pwpbpnipjwl
hGw, nph ypw inGnwnpywé £ wnnLpphun:

Nnny  wphuwphwagpwywl JuwjpGpnud  pwdnt
wpwgnipintul wybh pwpép E, pwl JjnLult-
nnud: LY. 25-p gnig £ wvwwihu 50 J pwpépnt-
pjwl Jnpw pwdnt dhohU nwpbEywl wpwgnt-
einLup, nph swihnudubpp wytbh pwu 10 wtnwpp-
utbph pupwgpnid Ywuwnwnpytp Gu UWUL-h Ugquw-
Jhu wyhwghwjh W whGgGpwglwgniejwu Jwp-
snipjwlU  (NASA) ynnuhg: busgwbu Ywpbh E
ntulb], wdpnng w2huwphnud pwdnt wpwgnt-
pintuuGpp wuhwjwuwpwswth U pwhuywéd:
Nnn nbntpnud pwdnt Jhohlu tnnwpGywl wnw-
gnipyntup hwuunwd £ Juwjpywunwd wybh pwu
12 JGwnph (hugwbu, onhuwy® UGS Aphinwuhwjh
hjnLuhuntd), Jhus wj Jwjptpnud Jhohup Ywgq-
JUnid £ Jujpyywunwd 3 JGuinphg £ wwlwu (UWdw-
gnu U Ynugn gGuntph wywquwuubtpp):

LUwjwlph wpunwnpnipjwl pwluwyp ywhujwé
wnnipphup wnGnwnpdwlu pwnpépnip)nltluhg: Np-
pwl pwpéap £ mGnwnpwd nnipphup, wjupwu
owwn EuEpghw E wpunwnpnud: “w nknh E nlut-
untd wju wwwdwnny, np U6 pwpapnip)nLllt-
nh ypw pwdhubpu wybh nidghu Gu nL pwnw-
Ywl: Mwlhg pwgh, on pwnpépwgwd hnnp ¢h
nwunwntgunwd pwdnitl, bW nphw dwlwwwphpu
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How high a turbine is placed has an impact
on the energy yield of the installation. The
higher the turbine, the more energy is har-
vested. This is because winds are stronger
and more constant at higher elevations.

ph¢ fungpunnwnutp (ophtwy® Ywnnygutp b dw-
ntn) Jwl, npnup Ywpnn BU wnnippniGunne-
eINLU wnwewglb (LY. 26):

)

Also, there is less ground drag that can slow wind down and fewer obstructions (such as structures

and trees) that can cause turbulence (Figure 26).

Obstruction of the Wind by a Buildings
or Tree of Height (H)
3nnUwhnuph wpgbwthwyndp H pwpépnipjwl
26Uph Ywd swnh dhgngny

i
i ¢

Region of highly
turbulent flow

- - ok Pwpap winippntibu-
wnntpjwl hnndw-
H hnuph gnunp
r

-
o

2H

3nndwhnuph hhduwlwl ninnnepyniup
Prevailing wind >

Y

20 H

Figure 27 shows a wind map of Armenia
prepared in 2007. Only select sites are
mapped with the intent to identify sites for
utility-scale investments. While building-
integrated wind applications may benefit
from such a map, engineers and architects
will need much finer neighborhood or com-
munity-level wind data to identify the poten-
tial of wind energy for the building or neigh-
borhood they are designing.

In order to collect information about wind
conditions, micro wind turbines are often in-
stalled on buildings or near sites where in-
stallations of larger, more expensive wind
turbines are planned. Based on the collected
data, types of wind turbine and optimal loca-
tions can be selected to maximize power
generation.

LY. 27-nd wwwnybpjwé £ 3wjwunwuh hnnuw-
Jhu pwpwbkqp, npp Ywquyb] £ 2007 p.: Wwnkn
gntjg GU npdwé Uhwju wyu punpywé Jwjntnn,
npnup gpwdhs 6U Ywjwuh dwywpnwyny Ukpn-
npnidutn ywunwpGine hwdwn: Wu pwpnbgp Y-
nnn £ ogunwywn [huk| bwl 2EUphU hunEgpqué
hnndwjhu  hwdwywpgbph hwdwp, uwlwju
dwpunwpwagbunubphu N dwpunwpwwbunubphu
pwunt Ubpnidh JwuhUu wndjwiutph 2wwn wybh
JwUpwdJdwul pwpwntq £ hwpywynp punuwdw-
utph b hwdwjuputph hwdwp pwdnt EuGpghw-
jnd hunmbgpjwé 2uph Ywd pwnwdwuh Jw-
ywnpnwyny bwhiwagdtn dowybnt hwdwn:

Pwdnt ywjdwuutph JdwuhU wnbnGyniejntulutp
hwywpwanptnt hwdwp hwawhu Jhypn hnnuw-
JhU innnLpphbltGn GU nGnwnpynwd wju 2Euptph
dpw Jwd npwug dnwin Jujptpned, npinkn wytih
J6é W wybh pwulywnpdtp hnnUwjhu wnniLpphu-
utp U bwhiwwnBujwé nenwnpt: Iwdwpwan-
Jwé inydjwiubph hhdwu ypw npnpyned £ wju hnn-
Jwjhu inntpphup tnGuwyp b npw nbEnwnpdwu
owwnhdwy ywjntpp, nph nGwpenid Yuntih £ EuGn-
ghwjh wpnwnpnipjwUu wnwybGiwantu dwywi-
ubnp wwywhnybi:
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Installation Considerations: Noise, Vibration,
Building Structure, Safety

Installation of wind turbines will add loads to
a building and its roof structures. Before in-
stalling these turbines, roof structures must
be assessed for their suitability. The addi-
tional loads and impacts of wind turbines
include: weight of wind turbines, the vibra-
tion from their operation (if vibration-
absorbing solutions are not employed, dam-
age to the building and extreme discomfort
of occupants can result), lightning damage,
stability, and safety during earthquakes or
very strong winds. They should also be in-
stalled somewhere where it will be easy to
access them for maintenance.

Additional factors to consider in the place-
ment of turbines are wind turbulence levels
in the vicinity. When there is high turbu-
lence, the efficiency of the turbines is re-
duced and greater physical stress is placed
on the equipment, increasing wear and tear
as well as maintenance requirements.

Noise is also an important consideration.
Wind turbines can create noise through the
movement of the mechanical parts of the
gearbox and other moving parts, as well as
the flow of wind around the blades. Such

StEnunpUwul webgynn Ujwwmwnenidubp.

wnunty, pppnng, 26Uph Ynuuwnpniyghw,
wluywmwlugnipnLlu

Stnwywjwéd hnndwjhu innipphblutpp 26Uptinph
L wmwuhputph Ynuuwnpniyghwubph Jypw pw-
gnighs ptn GU wyGwgutint: Wuhpwdbywn E
guwhwuwnt| nwuhph Ynuunpniyghwubph hw-
Jwuwwwnwupiwuncejntup Jhugle innnipphup nb-
nwnnnedp: InnUwjhu tnnLpphluphg wnwowgnn
Lpwgnighg pGnu nu wanbgnipintup hGnlywu
GU' hnnUwjhU wnipphUh pw2p, npw  w2huw-
inwlphg wnwsgwgnn pperNgn (Rpenngp Jw-
nnn/ywunn (nuénudutbn shpwywlwgubine nbw-
pnd innnipphup Ywpnn £ yuwub] 26upp W dwy-
pwhtn wuhwpdwnnipjntulbp wwwndwnb] puw-
yhsutppu), Ywjébwyh hwpywép, hnuwihnt-
e)nLUU nL wuywnwlugnipntup Gpypwowndh Ywd
nLdghu pwdnt dwdwlwly: Puswybu bwl npwup
wbwp E nGnwnpytu inGhubhyuwywl uywuwny-
Jwl hwdwp hwuwUuth wmenGpnud:

SnipphUlbpp wmbBnwywbihu wbwp E Lywunh
ntlGUw| Lwl wj, ghpénUlUtn, npnughg Gu Un-
nwywpnd wnyw pwdnt innippniGunnipjwl
dwywpnwyp: Pwpép  wnnippniGUunncpiniup
udwqbtgunid £ wanipphuh wprynibwybGunnipynt-
up b uwppwynpnwdutpp Bupwnyyned U wykh
J6é dhghywlwu dupnudubph, wpwquwunwd E
npwug Jwpywénipinitup b wybh hwewhiwyh
inGhubhywywl uwywuwpynwd £ ywhwlueyned:

Lwnpunp £ hwdh wnut, bwl wndnLyh gnpon-
up: enfuwugdwu nncthnd JGhuwuhywywl Jw-
utph 2wpddwu, huswbu bwl rULEPH 2nLpY pw-
Jnt hnuph hGinliwlpny hnndwjhu tinnipphUutpp
wpnn U wnuniy wnwewglub: Wn wndniyp
ywnpnn £ Jd&é wuhwpdwpnientlubp ywuntw-
nG| 26uph puwyhsubphu L Uninwyw hwplwU-
utphu: SnipphUlGph puwnpniejwU dwdwlwy
swnpunwpwwbunubpu nL swpunwpwpwabnubnp
wGwp E niuntduwuhptU punpwd uwnpph wn-
Uncyh punipwaghpp, huswbu bwl 26URGPh Upw
npwlug wnbnwywjdwu wjuwhuh Jwjptp pluwn-
nEu, npuntn wnuniyh waqnbgnientup Jdwnpn-
ywug ypw bjwquwagnejul E:

Swughu vhwgwé U gwlughg wlgwin
hnnwwnnipphuutp

®npp, wwwytunpnuwgywé hnndwjhu wnip-
phultpp Ywpnn U Jhwgwé (hubp wnGnwywl
wd yEuinpnuwywl gwughu, ywd ywnpnn GU Sw-
nw)t Uhwju wju 26Uphu Ywd pwnwdwupl, nph
hwdwp Ywnnigyt] U (wjuhupl' Ywpnn Gu |hubg
gwlughg wuswuw): huswbu 4 inGruuninghwub-
nh nGwpentd E, Grb hnndwjhu tnnLpphup gwughu
dhwgwé b, wyw Ywpnn £ wybgney ElGYwnpw-
tuGpghwih  Yninmwydwl  wuhpwdbunnie)nll
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noise can create great discomfort for build-
ing occupants and neighborhood residents.
In selecting turbines, engineers and archi-
tects must review the noise rating of their
selection, as well as select placement sites
on buildings where the noise will have the
least impact on people.

Grid and Off-grid Wind Power

Small, distributed wind turbines can be con-
nected to the regional or national electricity
grid; alternatively they can serve only the
building or the neighborhood on which they
are installed (i.e. off-grid). Like PV technolo-
gies, if a wind turbine is off-grid, then there
may be a need to store surplus electricity.
When connected to the grid, there will be
less need to store electricity in the house, as
the excess electricity generated will be sent
to the grid, which will, in turn, sell it to users
in need of electricity. With today’s technolo-
gy, for connection to the grid, power con-
verters need to be used to transform DC
electricity generated by the turbines into AC
electricity used in grids.

Wind Turbine Impact on Wildlife: Birds and
Bats

Utility-scale wind turbines kill hundreds of
thousands if not millions of birds and bats
each year. The estimates of the numbers
vary greatly from study to study, but the fact
that such killings take place and should be
prevented is not disputed.

According to the Royal Society for the Protec-
tion of Birds (RSPB) in the United Kingdom,
these killings are the result of poor site selecti-
on and planning on the part of the wind farm
designers. They cite Tarifa and Navarra in
Spain, as well as the Altamont Pass in
California, as examples of poorly planned
sites. At these sites, planners failed to con-
sider the migrations and habitats of the bird
populations.’

In reviews of hundreds of wind farm appli-
cations every year to determine their likely
wildlife impacts, RSPB objects to 6% of ap-
plications on the grounds that they threaten
bird populations. In some cases, developers
agree to make adjustments to their plans to
lower the risk to acceptable levels. In cases
where developers do not, RSPB voices

wnwowlw|: Swughu Jhwgwé |hubint ywjdwu-
uGpnud wnwup EuGpghw Ynwnnwybine Ywnphpu
wyGih phg Yihuh, pwuh np wpnwnpywé bGywn-
pwtubpghwih wybigntyp hwnnpnybnt £ gwu-
ghu, npu, hp htpehl, wju Jwdwnbint £ EEYwn-
pwtubnghwih wj, uywnnnuGphlu, npnup npw
wpphplu niutGl: Wuonpw wnbGhuuninghwubph
wuwjdwuubpnd gwught  JhwUuwint hwdwn
wuhpwdtywn Yyhuh oguyt| hnuwuph thnpuw-
Yepwhsubinhg™ wintpphup Ynnuhg wpnwnpwé
33 EGYywnpwtubpghwu gwugbpnd Yhpwnynn
®3-h thnhuwytpwbnt hwdwn:

InnUwjhu nw2wnh wqnbkgnipjntup YEunwuh
punLpjwl ypw. prgntbubbp b gnghyutp

Ywjwuh Jwywpnwyny hnndwjhu tnnntpphuutpu
wdtlU wmwph uwywunwd U hwpnp hwqwpw-
ynp, Grt ng JhihnUwdnp prgnillbp W ¢nghy-
utn: Wn pwuwyutph qguwhwwnwywuutpp ht-
mwgnwnipintlhg hGunwagnunnieintu UGéwwtu
nwppbpynud BU, pwjg wjb thwuwnp, np udwl
uwwun wnbnh £ nluGunud W wju wybwp £ Yuw-
futi” ¢h dhSwpyyned:

Cunn Uhwgjw| fwgwynpnipintuntd gnpédnn
(engnillbph  wWwounwwunigjwl pwqwynpw-
ywu puybpnipjwu (ML RSPB)' wjn uywunp
hnndwjhu nwwnbtp Uwhiwgénnutph Ynnuhg
inEnwuph Jww punpnipjwu b wwn tnwpwdw-
ywl wywuwynpdwl wpnyntupl E: Lpwlp Yyw-
jwyngnd BU Rwphdw W Lwwnw nwywnbpp
huywuhwjnid, puswyGu Uwl Uppwdnlup |Gn-
Uwlgpp YwihdnnUuhwind® npwbu nbnwuph
Jww  wwuwynpdwl ophbuwyubn: Sknwuph
wiwuwydnpnnutpp s6U uwpnnwgb] hwoyh wn-
UGL wjn Juwjptpnud puwyynn synn enrgnultnh
nLnhutnpu nt Upwlg Yywlph dhewywjpp®:

UGunwuh punipjwl Jypw hwjwuwlywu wqnb-
gnipjwl Uwwuwnwyny RNELC Ynndhg puliwpy-
dwU wnudwé' hnnuwjhu nwwnbph hwdwn
wdtlu nwph uGpywywgynn hwpincpwynn hwy-
nbph 6 %-p wnwpynipjwlu £ wpdwlwunid®
pnrsnlUUGRPh glluwpwluwyhl uwywnuwint hhd-
pny: Npn2 nbwpbpnud Ywrnigwwwwnnnubpp
hwdwabdwjunwd BU hpGug wwlwynpdwl Uw-
fuwadtbpnd nunnnudubp wwwpb]® punniubih
dwlywpnwyh hwugutiny yGnnhhjwy nhuytpp:
Uju nGwptpnud, Gpp nw ¢h wpynid, FMNEL-U
punygnid £ wwuh nGJ:

Snudnud GU bwl gnehyubpp: 4wl wwwgnig-
utn, np Upwlp uwwnynwd GU Ywd wnipphup
rULENhU ninnwyhnpbU pwhuybint wpnynitupned,
Ywd, Gpp ¢nghyutpp ergnLd GU wjlu gnuinhubph
dhony, npinkn wyuwnynn pUtpp hwuywpdwyh

® “Wind Farms”, accessed September 2013, https://www.rspb.org.uk/ourwork/policy/windfarms/
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strong opposition to the plan.

Bats are also affected. Evidence suggests
that bat deaths related to wind turbines can
occur either through direct collision with the
blades or when bats fly through zones where
there is sudden low air pressure created by
the moving blades. A 2013 study suggests
that more than 600,000 bats are killed per
year in the US." Studies have shown that
this number can be significantly reduced if
blade rotation is halted during low wind con-
ditions, i.e. when not much energy is being
produced. Bats are more likely to fly at night
in low wind conditions. Moreover, the
placement of microwave transmitters on
wind towers can deter bats from approach-
ing operating wind turbines."’

The evidence and recommendations are for
utility-scale wind turbines and wind farms.
There is little evidence that the problem ex-
ists at a significant level for building inte-
grated wind power. A 2002 study finds that
one in 10,000 bird deaths are due to colli-
sion with building-integrated wind turbines,
whereas the number is significantly larger
for collisions with buildings and windows.
See Box 2 of Module 5 for more on this topic
and preventing bird deaths.

Geothermal Heat Pumps

Another renewable energy source lies in the
earth we stand on. A few meters deep, the
temperature of the earth remains more or
less constant throughout the year. At a
depth of 3 meters or so, the temperature of
the earth is a constant 10 to 16°C, depend-
ing on the geological and hydrological con-
ditions of the location.”® Millions of geo-
thermal heat pumps are installed worldwide
for residential and commercial buildings. In
some countries, such as the US, market
growth estimates are 15% a year.

onh gwén dupnid U wnwewgnt: 2013pE. Yw-
nmwnpywé dh hGnwagnunie)niu gnug £ wtnwihu,
nn UUL-nud JGY tnwpyw pupwgpnid wybih pwl
600,000 snehy E uwwuyned': NLuntdbwuhpnt-
RjnLtUlGnp gnijg GU wnyb(, np wjn pwlwyp Ywpnn
E qqwihnpBU Ynbwndb|, Grb enij| pwdhutph
dwdwlwy pUbph wyunnywnp ywugltgyh, npny-
hGunl wjn wwjdwuutGpnud wjbupwl E| 2wwn Eukn-
ghw ¢h wpwnwnpyned: 36Ug pnL pwdnt ww)-
dwuubtpnwd E, np gnehyubpp nnipu GU quihu gh-
26npwjhu npup: WyLhu, hnndwjhu wunwnpwyut-
nh dpw Jhypnwihpwjht hwnnpnwyubph wnb-
nwnnnidp Jwpnn E pupinlbguty gnghyuGphu Un-
nGUw| w2uwwnnn hnndwjhu tnnipphuphu™

Uwwgntjgutpl nt wnwwnpynipinituutpp yepw-
pGpnud GU Yuwjwuh Jwlywpnwyng hnndwjhu
innLtpphuuGphu W hnndwjhu nwwnbphu: Lhs
thwuwintp Ywl wju JwuhU, np wjn fuunhpp Low-
Uwywh dJwywpnwyny wnyw E Lwl 26UpGnphU
hunbgpywé hnndwjhu Eubpghwih nGwpntd:
2002p. Jwwwpywd dh nwuncduwuhpnipjwdp
wwnpqyty E, np 10,000 uwwnywé pngnlllbphg
dhwju JtYu £ uywlyt| p6uptphu hunbgpywé
hnndwjhu wnnLpphuutGph hGn pwpudwl hGun-
Lwupny, pun npnud 26UpGpAU LW WwwnnthwUub-
nhu pwhdwl wwpwgwnid wju phyp qquihn-
nGU wydtih pwpap £ Wu fuunph W npw Juit-
puwnpgbdwu yGpwptpjw) wnt’u Unnnip 5-h ubn-
nhn 2-p:

Gpypwebpdwjhl gEpdwjhl wndwtp

dGpwlywugldnn EuGpghwih UGy wy wnpynip £
gunuynd £ wju hnnh wnwly, nph ypw dtup
ywuguwé Bup: Uh pwuh JGwnp funpnipjwUu ypw
Gnyph eGpdwunhdwlUlu wdpnne wnwpyw pu-
rpwgpntd Junwd phs G 2w hwunwwnnil: Unun
3 U punpnigjwlu Yypw Gpynph gEpdwuwnmhdwln
wnwwbu Ywqund £ 10-hg 16°C* Ywhujwd
gunudbine Jwjpph Gpypwpwluwywlu W hhnpnn-
ghwlwl wwjdwulbphg®™: AUwyGh W wnlin-
pwjhu 26uptph hwdwnp wpuwphny JGYy Yuw-
nnigytp Gu Jhhnuwdnp Gpypwetpdwihu ebp-
dwjhu wndwbn: Npn2 Gpypubpnud, huswbu,
ophuwy® WUL-nwd, wyn 2ntywjh wép quwhwn-
gnud £ vnnwnptywu 15%:

' Mark Hayes, “Bats Killed in Large Numbers at United States Wind Energy Facilities”, BioScience 63 (12), 975-979,

http://bioscience.oxfordjournals.org/content/63/12/975.abstract

" «Bats and wind energy cooperative: Home”, accessed September 2013, http://www.batsandwind.org/index.php
'2 Wallace Erickson, Gergory Johnson and David Young, A Summary and Comparison of Bird Mortality from Anthropogenic Causes with

an Emphasis on Collisions, Asilomar: USDA Forest Service,

http://lwww.fs.fed.us/psw/publications/documents/psw_gtr191/Asilomar/pdfs/1029-1042.pdf
'3 “Geothermal Heat Pump Basics”, accessed October 2013, http://www.nrel.gov/learning/re_geo_heat_pumps.html
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SUMMER/ UUUN WINTER/ QUGN

+30°C -10°C
—_—

+13°C +13°C

This means that, in the winter, the ground
temperature at those depths will tend to be
higher than the air temperature. In the
summer it will tend to be lower. Geothermal
heat pumps, i.e. systems that have pipes
that take water to depths in the earth where
there is constant temperature, tap into this
temperature constancy, reducing a building’s
heating load in the winter and cooling load in
the summer (Figure 28).

In other words, by bringing the building
temperature to the underground temperatu-
re of 13°C (as per the hypothetical example
illustrated in Figure 28), there is a need to
spend energy to increase the interior
temperature by another 9 degrees to 22°C,
i.e. a temperature needed for thermal com-
fort. In the summer, the opposite will be the
case.

This results in substantial energy savings for
both heating and cooling a building. Esti-
mates suggest that electricity bill savings
can reach 70% if a house uses a geothermal
heat pump instead of electrical-resistance
heating.™

The temperature of the earth at such depths
is primarily due to heat from the sun
absorbed and stored by the earth. The
temperature for a given site, however, can
vary depending on its geological and hy-
drological conditions. The type of soil and its
rock composition will affect the temperature.
It will also affect the type of heat pump so-
lution most appropriate to use. Availability of
underground and surface water can also
have an impact on temperatures, as well as

Qw Lpwuwynid E, np dUnwUlU wjn funpnipnLu-
utiph ypw Gpynh gpdwunhdwlp wybih pwpan
whwh huh onh sGpdwuwnhéwuhg, huly wdnw-
up® wyblh gwoép: Gpypwetpdwihl gbpdwihl
wndwp Uh hwdwywpg E, npp funnnwyutph
Uhgngny gnLpp tnwunwd £ GnpUph tunppp, npuntn
sGpdwunhdwup hwuwnwwnniu £, W Upnwwbu
dunwd £t wyn sGpdwuwnhéwuphlt, W npwuny
dunwlp Ujwagbgunid E 2EUph stGnnigdwl, wd-
nwlp® hnugJwl pknp (LY. 28):

Uyl Yspw wuwé, Grt ptuph eEpdwuwmhdwun
hwulh unnpgbunljw gGpndwuwnhdwuhu, npp 13
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utpphu eoGpdwumnphéwlup Lu 9 wuwnhbwlny
pwnapwglbint hwdwn® hwugubiny wju 22°C,
npp hwdwnynud £ gGpdwjhu hwpdwpwybunne-
rjwl wunhbwl: Udnwup hwlwnwyu E wnbknh
nLutuncd:

Uw hwugbgunwd £ 2GUph* W gGnnigdwl, U hn-
Juwgdwl hwdwn Séwhuynn EubEpghwh qquwih
pubwjnnniejwup: Iwdwpyubpp gnyg G nw-
thu, np EGYunpwEuGpghwih Swhuuh pulwjn-
nncpjntll, oppuwly, Ywpnn E hwulbp JphUgl
70%-h, GprE wwlp EEYpwywU gbnnighsubph
thnfuwnBu Gpypwebndwihu gbpdwjhu wndwtp
tU oguhwanpdynLu™:

Wnwhuh punpniejniuutpnud Gpyph gGEpdwuwnh-
dwup hhduwywunwd wwjdwuwynpywé £ Upw-
uny, np hnnp Ypwunwd b wwhwwunwd £ wplh
stnpunieiniup: Wnnithwuntpd, nput ynuyptun
nGnwuph gtpdwuwnhdwup Ywpnn E Jjnuhg
wnwpptnytl” Yuwiudws Juiph Gpypwpwlwywl
L hhnpninghwywU wwjdwlubphg: 3Innh 26pwnh
U npw Jbe wwywnpubph wnywjnieintup ywpnn £
wgnb] esGpdwuwnhdwuh Jpw: “Ywuny Lwl
wuwjdwlwynpdwé Yihuh gpdwjhu wndwbiph
wnwybt] bwwunwywhwnpdwn wmBuwyubnph pun-
npnieintup: Unnpgbnujw b JwyGpGuwjhu ont-
nh wrywjnientup unywbu Ywpnn £ wanbl
sGpdwuwnhdwuh, pugwbu Lwl wnbnwlywjdwlu
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ypw: Unnpl UEpyuwjwgywéd U wyn hwdwywn-
qtinh Uh 2wpp tnwpptpwyutp:

(Gl gGpdwunhdwlup hwdGdwwnwpwn hwu-
tnwwnnil £ wybh phg funpnieyniuutpnid, Jnwn
10 J tunpnipgjwl ypw Gpyph gtpdwuwnhdwlp
dunwd onh dJhehUu wmwnptGywl sGpdwuwnhdwlh
Jwlwpnwyhu: “Yw Lpwlwynwd E, np Grb onh
UdhghU tnnwptlwu stpdwuwnmhéwlup 15°C E, www
10 J funpnigjwl ypw Gpyph gtpdwuwnhdwlp

' “Choosing and Installing Geothermal Heat Pumps*, accessed October 2013, http://energy.gov/energysaver/articles/choosing-and-

installing-geothermal-heat-pumps
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the specifics of installation. More on system
options is offered below.

While the temperature is relatively constant
at shallower depths, at a depth of 10 meters or
so, the soil temperature remains at a level
equal to the annual mean air temperature. If
the average annual air temperature is 15°C,
at 10 meters deep, the soil temperature will
be 15°C even if the air temperature above is
-20 or +35°C. Figure 29 shows this
phenomenon in a stylized manner for dry,
average, and wet soil conditions.

10 0 10

= | —— Dry / np
Average
o F Udhghu
— Vot
funbwy

10

Geothermal Heat Pump Systems

Geothermal heat pump systems have three
key components:'®

a) Piping loop placed underground;
b) Heat pump;

c) Delivery system.

The first component, the underground pip-
ing, uses plastic, such as high-quality poly-
ethylene or polybutylene, which can be 3-4
centimeters in diameter. PVC is not an ac-
ceptable material because it is neither
strong enough nor has good heat-transfer
characteristics. There are also environ-
mental and public health concerns with PVC
that consumers should consider before

use.'®

wGwp £ (huh 15°C Uniuhuy wju nbwpnid, Gpp
onh stpdwuwnhéwup -20 Ywu +35°C E: LY. 29-
nud géwwwwnytph intupny gnig £ npqué wju
Gpunyep’ snp, Uhght W funbwy hnnh wwjdwu-
utGpnud:

Spypwebpdw)hl gEpdwjht wndwtph
hwdwlwnpgbp

Enypwetndwihu gtnpdw)hu Lundtubnn qudtluub
GU Gntp hhuUwywU pwnwnphsutiphg™:

w) Unnpgbwnljw punnnjwwwn,
p) Enpdwjhlu wndw,
g) Uwunwwpwnpdwl hwdwywpq:

UnwohU pwnuwnphsp unnpgbnbjw unnnyjuwyw-
2wpu £ Yphpwnynd GU wwuwnhy, ophuwy’
pwpapnpwy wnihtehiuhg Ywd wnihpninhib-
uthg wwwnpwuwnywsd, 3-4 ud npwdwagdny fun-
nnywyutn: MYL-pn hwpdwn Ujnip sE, pwuh np
pwywlywlwswih wdnip £ W gntup (wy gGpdw-
hwnnpndwU hwwyniejniulbpn: MYL-p Lwl
plwwwhywlwlywl W Jdwpnnt wnnngntpjwl
puunhputp £ wnwewgunid, npnup wbwp £ hw)-
yph wnuytlu uywnrnnutph Ynnuhg® wju oguw-
qnpdbinLg wnwe'®:

tunnnywywawntpp Ywpnn Gu [huGp thwy Yud
pwg upubdwiny: dwly upubdwiny punnnyuwlyw-
cwnbpp pwdwudnd GU pun hnphgnuwywl,
ninnwhwjwg Ywd wyjwqwluwjhu/dwyny hw-
Jwywngbph: lnnnjuywwpp Ywpnn £ nLuG-
Lw| bwl pwg upubdw, Grbt unnpgbnljw 9tn-
Unipjwl wnpjnipp/hnpp unnpgGunujw gntnpu Gu
L ng G hnnp: Wyn mwppGpwyubph dwuhu wyt-
(h JwupwdJwul YpunuBUup hwenpn pwdluntd:

funnnywywowpp |gywd £ opny, npp hwunbu E
gwlhu npwtu sEpdwhwnnpnhs hGnniy (pEpdwi-
Uhp): Wn gnhu unynpwpwpn wuwnhdphq £ wyt-
(wgynid, npwybugh fuhuwnn gnipin dunwl wwyj-
dwulbpnud wju suwngh: Sniywjnud uwnbih E
gwnub] suwngnn |nényprutph Uh Ut6é inGuwlw-
uh, npnughg BU* Uwwiphnidh pinphnp, Yuwighnt-
dh pinphnp, Ywihnidh Yuppnuwwnp, Yuihnidh
wgGwwuwnp, EphlEU glhynip, wpnwhiBU glhynip,
JGehiwjht uwhpwp Jwd Ephiwiht uwhpunp:
cniywynud wnyw BU Eyninghwwbu wuyunwug
wuwnmhdphqutph wmGuwyutp: “Ywlghg E, onh-
uwy, wpnwht&u glhynip, npp fuhuwn eniuwynnp
ErhiEU glhanih hwubdwwn wuywnwlg £

Gnypwetpdwjhu etpdwjhu wyndwbph hwdw-
Ywpgh Gpypnpn hhduwywu pwnwnnhgp htlg

1% “Geothermal Heat Pumps”, accessed September 2013, http://www.wbdg.org/resources/geothermalheatpumps.php

' http://www.epa.gov/ttn/atw/hithef/vinylchl.htm|
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The piping can be closed loop or open loop.
Within  closed-loop piping, there are
horizontal, vertical, or pond/lake systems.
The piping can also be open-looped in the
case that the underground heat source/sink
is underground water and not soil. The next
section will cover these variations in greater
detail.

The piping is filled with water that acts as
the heat transfer fluid. Typically, antifreeze
is added to this water so that the water does
not freeze in cold weather. There are many
antifreeze solutions available in the market,
including sodium chloride, calcium chloride,
potassium carbonate, potassium acetate,
ethylene glycol, propylene glycol, methyl
alcohol, and ethyl alcohol. There are also
environmentally safer antifreeze options
available in the market. One such option is
propylene glycol, as opposed to the highly
toxic ethylene glycol."’

The second main key component of a geo-
thermal heat pump system is the heat pump
itself. The heat pump enables space
heating, space cooling, or water heating,
depending on the type of unit installed. The
size of the building and its needs (e.g. space
heating/cooling or water heating) may also
require more than one heat pump.

Cooling and heating can be delivered to
different parts of a building either by air or
by water. A delivery system is basically
ductwork (if air is used for delivery) and pip-
ing and/or radiators (if water is used for de-
livery). Radiators can be units that are in-
stalled on walls or pipes that are embedded
in floors or walls, in effect making these
floors and walls behave like radiators.

Closed-loop Geothermal Heat Pumps

Closed-loop geothermal heat pumps circu-
late water through pipes over and over
again. There are three types of closed-loop
systems: horizontal, vertical, and pond/lake.
The exact type used for a given site will
depend on geological and hydrological
factors, as well as land availability. If soil has
rocks and boulders, then shallower,
horizontal depths may be the only feasible
solution. If, on the other hand, land
availability is limited, and geological condi-
tions allow, deeper vertical solutions may be
the only option.

gEpdwjhu wyndwl E: 26pJwjhU yndwp hbwpw-
dnpnipyntu £ tnnwihu gbnnigb), hnjuwglub] wnw-
pwoépp Ywd gnip wnwpwglb]s ywpjwéd wnk-
nwnpywé uwpph nbuwyhg: Stuph swihtnhg W
Jwphputphg (ophuwy® nmwpwéph gbnnignid /
hnjwgntd, wnmwp 9onip) GluGiny' unnn £ JGyhg
wytLh eEpUwjhu wndwh Yunphp wnwpwlwi:

CEUph nwnptp hwwnywdéutph hnjwgnudp L 96-
nnignudp Ywnpbh £ ppwywlwglt) huswbu onh,
wjuwbu £ oph Jpgngny: Uwwnwlwpwpdwl
hwdwlwnpgp hhduwywunwd npuEt onwuwwnp E
(onh Yhpwndwlu ntwpnid) Ywd® unnnyuyw-
ownp W/ Ywd dwpnyngutp (eph Yphpwndwl
nGwpntd): Uwpwnyngutpp Ywnpnn Bu |hubp wju-
whuh uwnptn, npnup nGnwnpynd BU Wwwnt-
nh ypw, Ywd punnnwyutp, npnup pwnywé Gu
hwwwyh wd wwwbph dbey W npw wnnyntu-
pnd hwwnwlu nt ywwbpp gnpénud BU npwtu
Jwpuwyngubn:

Owl upubdwyny Epypwgtpdwjhu gEpdwjhu yndwbp

dwy upubdwynd Gpypwebndwihu eGpdwjhu
wnJdwbnp Ypyhu nt Ynyhu 2pgwiwnniejwl Ubg
EU nunwd funnnjwyutph JtGe |gywd onLpp: Qn-
jnLejnLu nluGlu Gpgp wnGuwyh thwy upubGdwiny
hwdwlwnpgbp. hnphgnuwywl, ninnwhwjwg W
wywquwuwjhu/[dwyny: SYyjw| intnwuph hwdwn
Uhpwnynn hwdwwywwnwupwl hwdwywnagh
puinpnipiniup Ywhujwé £ pwqdwehy gnpénu-
utiphg, wjn pyYntd” tpypwpwlwywl, hhnpnin-
ghwywu W hnnh Jwuwgbihnipiniup: Grb hnnnuod
wlu wwwnpubp b gupwnptn, www Jhwy pu-
nnLubLh nLénudp Ywpnn £ (hubp wybh Jwybnt-
uwjhU® hnphgnuwywu hwpeniejniultph puwn-
pniejniup: Gy Grb hnnh JwuwngGhniejntup uwh-
Jwlwthwy E, b Gpypwpwlwlywl ywjdwuutpp
pnLl GU nwihu, www Jhwy nwppbpwyp Yuw-
npnn £ (huG] punppwjhu W nunnwéahqg [nLénLUut-
np:

owl uputdwyny hnphgnuwlwlu hwdwlwnpgbp

Anphgnuwlywl hwdwlwpgbpnud punnnjwyut-
pp nbGnwnpywéd Gu gbnup wnwy’ unynpwpwn
hwJubdwuwnwpwn thnpp funpniejwdp fupwdwn-
utGph JGe W wyblh U6é wnwpwépny: Shwhy
hupwdwwnh swihGpp |hunwd 6U° 1-hg 3 U fun-
nniejwdp, 30-hg Jhusg 120 U Gpywpnipjwdp W
1-hg 2 J (wjunipjwdp: pwdwwubpp thnpynud
tU UGYp Ujntuhg 2-hg 4 U hnwynpniejwl Ypw ™.
3h26p, np fUwjwéd npwlup punniujwéd swihbp
U, wjnnithwunbpé, Ywpnn GU npwughg uh
2wnp 2Gnnudutp (hubi:

" «Antifreeze”, accessed October 2013, http://www.epa.gov/epawaste/conserve/materials/antifree.htm
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Horizontal Closed-loop Systems

In horizontal systems, pipes are laid out
underground, typically in relatively shallow
trenches over a large area. Typical trench
dimensions ranges are: 1-3 meters deep,
30-120 meters long, and 1-2 meters wide.
The trenches are spaced 2-4 meters apart.'®
While these are typical dimensions, there
may be many variations in reality.

The length of pipes has a direct impact on
the heating and cooling capacity of a sys-
tem. Typically, the more linear meters of pip-
ing you have, the higher capacity there is.
Increased piping length can be achieved in
several ways. One approach could be to add
to the number of pipes in each trench. One
to six pipes can be used in each trench.
When there is more than one pipe, two or
three can be placed next to each other 25-
100 centimeters apart, or two or three can
be stacked on top of each other 50-100
centimeters apart.

The advantage of using multiple pipes is that
it reduces the length of piping needed,
hence reducing the amount of land needed
for trenches. A similar result can be
achieved by using spiral piping, which offers
greater surface area of piping per meter of
trench. Figure 30 summarizes the varieties
of horizontal closed-loop systems: single
pipe, multiple pipes, spiral pipes laid

horizontally, and spiral pipes laid vertically.

Swdwywnpgh gbnnigdwl W hnwgdwUu hgnpnt-
EINLUU wudhswywunpbu Yuwhuywéd £ unnnywiy-
utbph Gpywnnipintuhg: Unynpwpwn, nppwl Gn-
wp E punnnwywwph gbéwdbwnnpp, wjupwl
wybh JG6 E unnwgynn hgnpnipejniup: lunnnyw-
Yw2wpnp YunGlh £ wdGih Gplupwglt Jh pwuh
dubpny: Cuwm huwpwynp |nwdéndubphg Jtyp'
ywnpbh £ wybwguby jnipwpwuginip pjupwdw-
wnnd  wlugywgwéd  punnnjwyubph  pwluwyn:
3nLpwpwUgnip pupwJdwunnud ywnbh £ ggb| UG-
Uhg uhtgl Utg punnndwy: Utyhg wytih funnn-
Jwyutph nGwpnwd npwlup wnbGnwnpynd Bu
hpwp Ynnph' Gpynt Ywu GpGpwywl’ vGyp Ujnt-
uhg 25-100 ud hGnwynpnipjwlu Jpw, W JGyp
djnup yGpunwd® Gpynt ywd GpEpwlwl funnn-
qwy' d&yp Jjnuhg 50-100 ud pwpén:

Fwquwprhy unnnwyutph yhpwndwl wnwyb-
LNLENLUU wjl E, np bjwqbgunid £ punnnyuwyw-
ownh wUuhpwdtwn Gpywpnientup W npwuny
thnppwgyntd pupwdwwnlubph hwdwp wuhpw-
dtown hnnwuwnwpwéph dbEdnieniup: LUWU wpn-
jntuph Jwnbih £ hwulb] wwpnipwél unnnyw-
wownh dhgngnd, npu hpwlwuwguthu wuh-
pwdbawn Yhuh pupwdwuwnh jnpwpwugnen UG-
pnud wyblh JGé wnwpwép thnpb: LY. 30-nwd
pEndwé GU thwy upuGdw)ny hnphgnuwywl hw-
dwlwnpagtph Uh 2wpp twpptpwyutn® Jey fun-
nnjwyny, pwquwehy funnnjwyutpny, wwnpnt-
pwal funnnjwyutpny® hpwywuwgywsd hnph-
gnuwywlu nhppny, L ywpnipwal unnnwyut-
nny’ nLnnwhwjwg nhppny;

owl ujubdwjny ninnwhwjwg hwdwwpgbp

owy upubdwyny ninnwhwjwg hwdwywnpgbpp
Uppwnynd GU wju nGwptnpnid, Gpp hnnwwnw-
pwoéph wnywjnieintup uwhdwlbwthwy E Lw-
nwpwjhu wwjdwlutpnud 2wwn  nbwpbnpnud
dhwy dwuwngbih hnnwunwnpwépl, opnhuwy, hhu-
LUwywunwd wjlu E, hus gnuynd £ 2GUph nwy:
Nunnwhwjwg hwdwlwngbph nGwpnid punwn-
dwy hnphgnuwywl dJwybpbuubph Jpw wnk-
nwnnGnt thnpuwptl® thwy upubdw)ny punnnyuw-
ywrwpp nGnwnpynud £ dnin 10 ud tnnpwdwq-
6nd™  thnpwé  hnpwwnwlgpbph  Ube: 3npw-
tnwlgptph funpnipintup unynpwpwn (hunwd E
20-hg Jhugl. 100 J dhpwyuwypnid: Uugptipp
swbwnp £ huBu JGyp Jjntuhg 5 Ywd 6 U-hg wyb-
Lh Unin?® (uy. 31):

Wdpnng wapuwnhnd pwquwphy funanp thwy
upuGdwyny ninnwhwjwg hwdwywngbn Gu 2w-
hwgnpéynid: Nwgpwy ophuwyubphg JGyp
Linked Hybrid-u ' 600 puwlwpwuutphg pwn-
uwgwd puwnu ogunwagnpédwlu Jh hwdwihp,
npp 2hlwuwnwuh  Jwjpwpwnwp MGYHUH

'8 Steve Doty and Wayne Turner, Energy Management Handbook, 7" Edition, Lilburn: Fairmont Press, 2009, 731.
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Vertical Closed-loop Systems

Vertical closed-loop systems are used when
land availability is limited. In many urban
settings, for instance, the land available is
basically what is under the building.

In vertical systems, instead of spreading the
piping horizontally over long distances, holes
of approximately 10 centimeters in dia-
meter'® are bored, into which the closed-
loop pipes are inserted. The depth of holes
can typically range from 20-100 meters. The
wells should not be closer than 5 or 6 meters
to each other (Figure 31).%°

There are many large vertical closed-loop
systems employed around the world. One
noteworthy example is the Linked Hybrid, a
600-unit residential mixed-use complex de-
signed by Steven Holl for Beijing, China
(Figure 32). The complex has 660 vertical
wells, each 100 meters deep, providing the
complex with 5 megawatts of cooling and
heating capacity.

hwdwp bwhiwgédb] £ Urhytu 3nip (LY. 32): Jw-
dwihpU ntuh jnipwpwUginipp 100U funpnipjwdp
660 nLnnwhwjwg hnpwwnwugp, nnnup wwwhn-
Jnud GU hnjwgdwu/stnnigdwlu 5 Udun hgn-
npnLenLl:

Figure 31. Vertical closed-loop system.

Closed Loop Systems

Wertical

Liwp 31. dwl upuEdw)ny nunnwhwjwg hwdwlwnpg:

Figure 32. Linked Hybrid by Steven Holl uses 660 vertical closed-loop geothermal wells for cooling and

heating the complex

Pond / Lake

Like soil, large bodies of water also store
heat at relatively constant temperatures.
When a site has surface water, like a pond
or a lake, using the stored heat in the body
of water may be the most cost effective opti-
on as there will be no digging and moving of

660 GEOTHERMAL WELLS / 100 m DEEP
5000 KW COOLING / HEATING CAPACITY

Lywnp 32. Uphytl 3nth Linked Hybrid-p: 3wdwihpp hnugynid/gbnnigynid £ thwl ujubdwyny 660 GpYypw-
gtpdwjhu hnpwwnwugpbph dhengny (wp wwwnlbppli’ 660 Epypwebpduyhli hnpunnwligplibp, nipwpwl-
gnwpp' 100d funpnuaywdp, sbrnigdwl/hndwgdwl hgnpniainclin 5000l Yun)

Udwquwl / [Gwly

funpnn opwjht quugywép Unuwtu® huswbu hn-
np, punntbwy £ hwdGdwwnwpwp hwunwwnnlu
sEpdwuwnhéwunwd  gtpdnipntup  ywhwwub(:
Gpp mwpwépnd JwybpGuwjhu opnh wywquwu
uwd 6wy Yw, www wjn gpwjht quugywsh
ynnuhg Yntinwyywé EuGpghwjh ogunwgnpénidp

9 «“Geothermal Heat Pumps”, accessed July 2014, http://energy.gov/energysaver/articles/geothermal-heat-pumps

2 Doty and Turner, Energy Management Handbook, 732.
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earth. It is recommended that the pipe loop
be placed deeper than 1.5 to 2 meters below
the surface of the water. It is also recom-
mended that the pipes be kept, when
possible, 25 to 50 centimeters above the
pond floor.

Closed Loop Systems
Fond/Lake

Open-loop Geothermal Heat Pumps

Open-loop systems are used when there is
an underground or surface body of water
that can act as the heat transfer fluid. In
these systems, it is the underground or sur-
face water that is transferred through the
pipes. Once used for emitting or absorbing
heat, the water is returned to the body of
water.

There are several special considerations for
open-loop systems. One factor is the quality
of water. If the water is too rich in minerals
and salts, it can lead to corrosion or
blockage of the equipment. Another factor is
to ensure that enough water is available for
the needs of the building. Local regulations
may also have an impact on how much
water you can withdraw. Similar regulations
may also affect how much and the way in
which water can be discharged either into
injection wells or into open streams or other
bodies of water.?'

2 ibid, 733 / Unwyls wnpyninp, Le 733

ywnpnn E wdGUwéwpiuwpnyniuwybn nwppk-
nwyp LhuG], pwuh np win nGwpnid hnnp pwlnt-
(nt W wbGnwitnputbint wuhpwdtwnnipntu  gh
wnwywuncd: kunphnipn £ iipdnud punnnjwiu-
2wnU wugywgut| oph ywytptuhg ng wytih pwu
1.5-hg 2 J punpnipjwl ypw: Lwl' huwpwyn-
nnipjwl nGwpenud funnnjwlutpp wwhtl gnph
hwwwyhg 25-hg 50ud pwpépnipjwl ypw:

Pwg uputdw)ny Epypwgtpdwjhlu gEpdwjhu yndwbp

Fwg upbdwiny Gpypwetpdwjhu stpdwjhl
wndwbtpp yphpwnynid U wju nbwpbnnid, Gpp
Jwu uwnnpgtnbjw Ywd dJwybGpGuwihu 9ph
wjuyhuh qwugywdlbp, npnup Ywpnn Bu og-
wnwagnnéytl npwbu esEpdwhwnnpnhs hGnny:
Wn hwdwywpgbpnid punnnjwyutpny hnunnp
unnpgbinujw Ywd JwybpGuwjhu gnipu £ bp
ynnuhg Ywuywé gbpdnipintllu wlgwnbinLg
hGun gnipp G £ yEpwnwpaynid wywquu:

Fwg upubdwiny hwdwlwpgbph wnnudny Jh
pwuh hwwnty Uywuwnwnenidubp wu: QGnpdnl-
utphg Utyp onh npwyu E: Grb gnipp 2wwn £ hw-
gbgywd hwupwjhu Ujnietnny W wntpny, www
nw Yuwnpnn £t hwugbgut| uwppwynpnidubph yn-
nnqghwjh YwdJ pugwunwdubph: Ujniu gnpdnlp
26uph Ywphpubph hwdwp gph pwywpwn pw-
LUwyniejwl wnywjniejnill E: SGnwywl opGup-
UGpp Unyuwbu Ywnpnn GU wanbp gpwnh pn-
(wwnpbh pwuwynipjwlu Yypw: SEnwywl optup-
utbpp Ywnpnn U wgnbp bwl wpwnwutnynn oph
pwlwyh L wpnwlbnwdwu duh Yypw' npnot-
(ny, rE nip wEwnp £ wpnmwubwnyh enipp’ hnpk-
no wd gph pwg hnuwupltph, Yud wj wyw-
quuh Ute?":

Open Loop Systems
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COGENERATION OR COMBINED
HEAT AND POWER (CHP)

Processes that use the combustion of natu-
ral gas, biogas, oil, and biomass for gener-
ating electricity also produce lots of “waste
heat”. More than 70% of the original energy
can be lost in the form of heat. Cogeneration
captures this waste heat and puts it to work
to heat water, heat space, or even generate
more electricity. In this sense, heat and
electricity are “cogenerated”. This is also
why systems are often called combined heat
and power (CHP) plants. Cogeneration in
industrial and utility-scale power generation
has been used since the early 20" century.

CHP technologies can also be applied at the
community or individual-building level. At
such a level they are called small-CHP or
micro-CHP. All five CHP technologies identi-
fied in Figure 35 come in a variety of sizes.
Steam turbines and gas turbines, for instan-
ce, each come in as small as half a mega-
watt. They can be easily used at the district
or community level. Reciprocal engines
(smallest 10 kW), microturbines (smallest 30
kW), and fuel cells (smallest 5 kW) can even
be used at the building level.

unasLerushu YUU ENrUUSPL
GJ ELGUSMrU4YuvL tveranush
IUUUYS4UDT Ursurnie3ntu (2E3U)

ElGynpwtubGpghwih  wpwnwnpnigjwlu  hwdwn
wjnynn plwywl qwaqp, YEuuwgwap, bwyep L
yEuuwquwugywép Jhlunylu dwdwlwly wp-
tnwnpnud BU bwle J66 pwlwynipjwdp oEpdw-
Jhu pwthnuutp: Pnu EuGpghwih wybh pwl
70%-n Ywpnn E ynpsbl sGpunipjwlu wnbupnd:
UngbUGpwghwU npunwd £ wju «gGpdwjhu pw-
thnuubpp» W npwup pwubgund onLp twpwg-
uGint, mwpwoépp gbnnigbint Ywd hnwgubint
ywd, npn2 nbGwpbpnud, (pwgnighg ElGYnpwt-
ubnpghw wpwnwnpGne hwdwp: Wu wnenudny
sGpdnipjntll nu ElGYwnpwEuGpghwl  wpwnw-
nnynd GU «hwdwygywé»: Uw E lwl ywwndw-
np, np bdwu hwdwywpqgbpp hwéwfiu Yyngyned
Eu ElGYunpwywl W 9Epdwjhu EuGpghwih hwdw-
Ygywdé wpuwnpnigjwl  (QE3IY)  Ywjwuubn:
Upnnitbwptbpnipywtu W uwjwuh Jwwpnwyny
tuGpghwih  wpunwnpnipjwl  Yngbubpwghwl
uyuty £ Yppwnyt| ntin 20-pn nwinh uyqputiphg:

QE3U wnbGhuluninghwutpp Unyuwbu Ywnpnn Gu
Uhpwnyt] hwdwjupwjht jwd wnwudhu pGUpk-
nh  Jwywpnwynd: W  Jwywpnwyubpnd
npwup Yngyntd GU thnpp 2EIU Ywd Jhypn
QE3W: LY. 35-nuid wwwytpywé pninp hhug
QE3U wnbhuuninghwlbpp [hund GU wwnppbn
swiihbph: Sngbwnnwpphuutbpp W gwquwwnnipphu-
ubpp, ophtuwy, (phunwd GU YGu Udwn hgnpnt-
pjwdp: Ywlp Ywpnn B hGnnipjwdp ogunw-
gnpéyt] pwnwdwuh Ywd hwdwjupwihu dw-

Jwpnwyny: Uhungwynn pwndhsutnp (wutUwthnppp' 10 4 hgnpnipjwdp), dhypnnnipphulut-
pp (wutUwthnppp' 30 Y4 hgnpnipjwdp), bW hwunwwnnt hnuwuph EGUuGUnuGpp/uwpptpp
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Steam Reciprocal
Turbine Engine Gas Turbine Microturbine Fuel Cell
Technology ® Shkhulninghw L ° (] ° °
&nqb- Ulungwjhu Ququwuinipphu Uhypnwntppht Jwnbihp
wnLpphl 2uindhg

Power efficiency / 15-38%  22-40% 22-63% 18-27% 30-63%

EutpgqwwpnynibwyGwniniynil

Overall efficiency /

QUnhuJUnLn wnr"nLUu]llhan. 80% 70-80% 70-75% 65-75% 55-80%

RrjnLlu

Effective electrical efficiency /

Upnynibwybun EjEYunpuywl 75% 70-80% 50-70% 50-70% 55-80%

wpryntbwyBwnnipyniup

Typical capacity (electricity) /

3gnpnupynil (EEGmpwbutne. 020 10 kW to 5 MW 0.5 to 250 MW 0to2s0 MW o020

[eJnLl)

Typical power-to-heat ratio /

Iqnpnipinil fEthunpwlwll 0.1-0.3 0.5-1 0.5-2 0.4-0.7 1.0-2

gEpunLp)ntu hwpwpkpwygnt-

RjnLlp

CHP installed cost ($ per kWe)/

9E3U wknwnpywd wpdbpp (§  430-1100  1100-2200 970-1300 (5-40 MW)  2400-3000 5000-6500

[ ydwn ElEyunpwtubpghw)

O&M costs ($ per kWh of elec-

tricity) /

Swhwgnpduwl W <0.005 0.0009-0.022 0.004-0.011 0.012-0.025 0.032-0.038

Wwhywudwl swhuubpp

($/uywnd ElEYinpwtubpghw)

Natural gas, bio- Natural gas, :—i};dlrogen, r:a:
gass, propane, Natural gas,biogas, biogas, pro- uar?egisétﬁao-
landfill gas / propane, oil / pane, oil / 2ol / ’

Fuels / dwnbhpubp All PUWlWU quq, PUwywl quq, Fluwywu qug, o wéhl, plw-
yEluwquaq, yEluwquaq, yEluwquq, UlTJU unEJ_p
wnnwuwl, wnnwuwl, bwyp wnnwuwu, umnquU’db-
wnpwywjph guq Lwyr pWLINg '

. high / . moderate / moderate /
Noise / wnunty Sy high / pwpénp ALY AT low / gwép

At the building or community level, CHP
turbines, engines, or fuel cells would generate
on-site electricity to meet building needs while
using excess heat for heating purposes. Aside
from the great efficiency of CHP, on-site
generation also saves on energy losses that
occur while transmitting electricity. An
estimated 8-12% of electrical power is lost
during transmission. Moreover, given the
great flexibility of many CHP technologies,
they can be a useful addition to existing
sources of power and heat in the industrial,
commercial, and residential sectors.

There are, however, several conditions that
make the use of CHP more sensible. A best

Ctuph jwd hwdwjupwjht dwywpnwyny 23U
innLpphUlGnp, 2wndhgutpp Ywd JunGihpwjhlu
peheubpp Ywnpnn GU wndjwi 26Uph YwnphpUtpp
pwywpwntnt hwdwn hEug nbnnud EEYnnwk-
utpghw  wpwnwnpt, huy wybgnty ebpdnt-
@)NLULU ogquwagnnéyh 26Uph gtnnigdwl Ywnhp-
utph hwdwn: Pwgh 2E3U pwnén wpnyntuwyb-
nntpintuhg, wnbGnnd wpunwnpywéd Eubpghwjh
ounphhy hUwpwynp £ nwrunud udwqbgub]
gwughg wnwpwgnn EGYwnpwELGRghwih  thn-
fuwnpdwU Ynpniunbbpp: Cunn hwdwpyubph®
gwughg ElGYwnpwtuGpghwih thnfuwnpdwu yn-
pniuinlbbpp hwuunwd U Jhugle 8-12%: Pwgh
w)n, hwayh wnutny 2E3W inbhuluninghwlutphg
cwwnbph Jgd ayniunipyniup, npwup Ywnpnn Gu
wnpyntbwpbpwywl, wnlwnpwihu b puwybih
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case may be, for instance, a site with year-
round heat demand. The units installed have
to be the right size, based on accurate
energy-demand estimates. Units that are too
large will waste energy, significantly reducing
the economic feasibility of the investment.
There must also be a steady supply of input
fuels, e.g. natural gas, biogas, etc.

In December 2009, cogeneration technology
was used in the rehabilitation of district heat-
ing in the Avan residential neighborhood in
Yerevan. Implemented as part of the UNDP-
GEF “Improving the Energy Efficiency of
Municipal Heating and Hot Water Supply”
project, the district heating system was re-
stored to employ cogeneration. The Avan
district heating system restoration project
covered 76 buildings (3,350 apartments and
more than 10,000 residents). These buildings
are now connected to the new autonomous
thermal power plant, which is equipped with
two cogeneration units (of 2 MW, and 2.18
MW, capacity each) and two peak heat only
boilers (7.6 MW each). Restoration work
included the full reconstruction of primary and
distribution networks, the re-design of the
internal distribution system of buildings (from
vertical to horizontal), the installation of new
internal heating and hot-water supply
networks, radiators equipped with regulators,
and the installation of heat and hot-water
meters in preparation for the introduction of a
consumption-based payment system.

The project showed that adoption of the
preferential feed-in tariff for electricity pro-
duced from cogeneration and sold to the
national grid allowed for an affordable heat
tariff for residents.

hwundwdsubpnud gnjnipntu ntutgnn ElGYnnw-
ywu L gGpdwjhu EuGpghwjh wnpjniputph hw-
Jwp ogunnwywpn [pwgnid hwunhuwuwy:

Uwywju wu npn2wyh hwuqwdwlputp, npnup
QE3U Yhpwnndu wybh hdwuwnwihg GU nwné-
untd, huswbGu, ophuwy, wdpnn® wnwpyw pu-
rpwgpntd sEpdwjhu EuGpghwyh Yuyniu ywhwu-
swnyp: Yunbn wmEnwnpwé EuGpgwpnyutpp
wtwp £ [hutl dhow swihtph® puwn Eutipghwh
wwhwuswnyph qUwhwwdwl 62gphin hw)-
Jwpyubph, pwluh np swihwqwug UGd pinyutpu
tutpghw BU Jwuwubint W qqwihnptu Lwqbg-
uGnt GU uGpnpnudutph unbGuwlwl 2whwyb-
nnipintup: wup whbwp £ nlbLlwl bwl Jw-
ntlhph® puwywu quagh, YEuuwgwagh W wjp
Jwunwlwpwpdwl dounwlwlu wnpjnen:

GpuwUu pwnwph Ujwu plUwybh pwnwdwuh
ycunpnuwgwéd 9bnnigdwl  Yuwjwluh JGpw-
wuqUunnwywlu w2hluwwnwupubph dwdwuwy
2009p. nGywntdptppU hwdwygywé wpunwnpnt-
pjwu wnEhuninghw E Yhpwndb: LwhiwaghoéUu
hpwlywluwgyt] £ «Pwnwpwjhu ebnnigdwl W
nwp snwdwnwywpwnpdwl EuGpquwpnntlw-
JEnnipjwlu pwpépwgnid» UU20-QED Spwagph
2ppwlwynid:  Ypw  wpnniupnd®  EuGpghwjh
hwdwygywsé wpunwnpnipjwl hhdwlu Yypw yt-
pwywuquyt| £ pwnwdwuh yEunpnuwywu pb-
nnigdwl® 76 puwytih 26Upbp (3,350 pLUwlw-
pwl W wyth pwu 10,000 puwyhg) punanynn
hwdwywnpagp: C&Guptph Eubpgwdwwnwywpw-
pnudp Ywwwnynwd E hupuwdwp 2EY-h Jhon-
gny, nnu ntuh Gpynt hwdwlygywéd wpunwnpnt-
pjwU nGnwlwjwup, jnLpwpwlgnipp’ 2 Udwn k£
W 2.18 Udwn, hgnpnipjwdp bW whywjhu gbnnig-
Jwl hwdwnp Gpynt uwpeuwubp, jnpwpwugne-
pp' 7.6 Udwn hgnpnipjwdp: dGpwlwugudwu
w2huwwnwuplbpp UGpwnt] U Jwjpninwjhu L
pwtuhg gwugtph wdpnnpwywl yGpwlwnnt-
gnud, 2tuptph UGpphU pw2udwl hwdwlwngh
JEpwlwhpiwgédnid (nunnwhwjwghg' hnphgnuw-
ywuh), gbnnigdwl L nwp spwdwwnwywnpwp-
Jwl UuGpunuwjhu unp gwugbph Ywnnigned, UG-
nwnjw| Ywpqwynphg thwywuutpny ghudwé
gtnnigdwl Jwnpwynglubp, puswbu Lwl thwu-
nwgh uywndwu hhdwu Yypw Jdwpwjhu hw-
Jwywnpgh uwhnib Uepnpdwl hwdwn sEpdwjhu

EuGpghwjh W wnwp gph hwayhgubph wnGnwn-
pny:

Opwahpp gnigwnnty £, np YngGutpwghwih Jh-
sngny wpunwnpjwé EGYnpwtuGnghwih hw-
Jwpn wpunnUjw/Uywunwynp wnwpdwl uwlyw-
ghtu uwhdwlbp W wyn EUGpghwU wqguwjhu
gwlghu Jwdwnbip pny| £ nnwihu puwyhgutph
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Figure 37. The new autonomous thermal power plant with 2 CHP blocks (Yerevan, Armenia)

Lywp 37. UJwlh YEunpnuwgywé 2|:nmgdu yEpwywenigywé Jujwup' 2 QEIU pnyutpny (Gpluwl,
Swjwunwl):
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Reading List | Cuptpgwunipjwl UjnLpbN

Tim, Sharpe, Tim (ed), Building Integrated Renewable Energy: Technical and Aesthetic Perfor-
mance of Renewable Energy Systems on Buildings, Berlin: Springer, 2015 (forthcoming).

Robert Simon and Nicolo Guariento, Building Integrated Photovoltaic.: A Handbook. Basel:

Birkhdauser GmbH, 2009.

N.hvwpwqjul, «dGpwywuguynn tuGpghwjh wnpniputp W wmGpuuninghwutpy, Gplwl, UU20,
2012p. [Robert Kharazyan, Renewable Energy Sources and Technologies, Yerevan: UNDP, 2012]
(available from | UGppGnUbGh* www.nature-ic.am).

Peter Gevorkian, Alfernative Energy Systems in Building Design. New York: McGraw-Hill, 2009.

Whole Building Design Guide - Building Integrated Photovoltaic

http://www.wbdg.org/resources/bipv.php.

Audiovisual Materials

Students are encouraged to search through
the multitude of online resources for audio-
visual materials.

Discussion Questions

1. Why should a building owner want to
have a building-integrated energy supply?

2. What are the key factors you will consider
when integrating PV into your building
design?

3. What are the key components of a PV
system?

4. What are the key considerations in using
wind turbines in buildings?

5. In your opinion, what is the best way to
address the intermittent nature of PV and
wind power?

6. In less than a minute, can you explain
how geothermal heat pumps work?

7. What are the advantages and disadvan-
tages of cogeneration?

Stuwébwjlwjhu UynLpkp

Nuwunnutpp  hupwpuniuynid  Bu  thunpbnt
nbuwdwjuwjhu Ujnebp wngwlg ntunLpult-
nh pwaunipjwl JGe:
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1.

-237-

hugn’t 2G6Uph ubthwlwlwwbpp wbwp E
gwlywlw nLuGUuw| 2EUph UG huinbgpywé®
EuGpghwjh Jwwnwlwnpwnpned:

. N°n wnwlugpwjhu gnpénultpp hwpyh bp

wnubnL p6Uph Uwhiwgénd 4 huwnbgnpk-
Lhu:

Npnup GU $4 hwdwlwpgh hhduwlwl
pwnuwnphgutnp:

Npn°up Gp 2GUpGpnud hnndwjhu wnnwpphu-
utp oguwagnpétint hhduwywlu UYwwnw-
nnLuutpp:

atp ywnéhpnd, n°pu £ 4 U hnndwjhlu
EuGpghwih punuhgynn punieht wunpw-
nwnUwnL (wywantyu dhgngnp:

Uty pnwbhg wwywu dwdwlwynid pu-
gwuwnbp, et hugwbu BU gnpénud Gpypw-
stpdwhu yndwbnp:

Npnup GU EuGpghwih hwdwygwd wn-
wnwnpniejwl  (Yngbubpwghw) wnwybnt-
prInLtUUENU nL _EpNLRINLULEND:



	Blank Page


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



