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Module 9: Building Energy Audit and Certification

Module Plan and Learning Outcomes

PLAN:

To offer the basic, introductory knowledge
required to implement a building energy au-
dit.

We will outline and explain the core con-
cepts and tools for achieving energy effi-
ciency and energy conservation in buildings
by inspecting, surveying and analyzing the
components of the building envelope and
energy-generating/utilizing systems in a
building.

Student Learning Outcomes:

e Demonstrate understanding of the core
concepts and definitions related to ener-
gy audit;

e Demonstrate the ability to explain the
relationship between energy audit and
the building envelope, energy using sys-
tems, and thermal comfort;

e Demonstrate ability to conduct basic
analyses, prioritize energy uses, and
identify the sources of energy savings;

o Demonstrate an overview of the energy
audit process (from data collection to
submission of a technical report contain-
ing recommendations for improving en-
ergy efficiency);

e Demonstrate understanding of quantifi-
cation of energy, measurement systems
and professional equipment, verification,
and monitoring of energy use.

Unnniih wyiwup W ntunigdwu
wpryntuplbpp

nLUL

Rpduwywl, Uwhilwywl ghwnbhpubp wnpw-
Jwnntl wju dwuhu, gE h°Us E wuhpwdtown 2GU-
pnid EuGpgGwnhy wninhn hpwywuwgubint hw-
Jwnp:

Lywpwagnptl L wwpqwpwub] 26upnud Eubn-
gwuwnpryntbwyGunneentt b EuGpgwhulwynnnt-
rIntU wwwhnybnt bywwnwyny, 26Uph wpunw-
phu wwwnn Ynuuwnpniyghwutbph W 2Gupnud
EuGnpahwjh wpunwnpnigjwl/uywndwu hwdw-
ywpqgbph unnigdwl, hGlnwgnunnipjwl b yGp-
(nLénLejwU hhduwywu hwuywgniejniulbpu nt
anpdhpltnp:

NruwunnuEph nLunigdwl wpryniuputpp.

e Muwuybpwgnud YJwqut] EubGpgbunhy wninp-
inhu wnugynn hhduwlwu hwulwgnipniu-
utnh nL uwhdwunwdutph dwuhl,

e Ywpnnwlw| pwgwuwpb| EuGpgbGunhy wninh-
inh W 2GUph wpunwphUu wwwnnn ynuuwnnpniy-
ghwutph, EuEpquwuwwnnn hwdwywngbnh,
stpdwhu hwpdwpwybunnipjwl dho thnfu-
wqnbgnip)nLuutpn,

e Snigwpbipt] punhwunp nGubpywywl y&p-
(nLéniejntl wugywgubiny, Eubpghwjh og-
inwagnpédwl wnwlwhbnenLenLuutpp
nnpn2Gint ntbwynte)ntu W ywpnnwlw| Jwwn-
Lwupt| EuGpghwh pulwynnnijwl wnpjnLp-
utpp,

e CUunhwUuntp WwwybGpwgnid Ywaqut| Eubpgt-
nhy wninhwinh gnpépupwgh dwuht (ngjwy-
ubph hwywpwagpndhg Jhusl EuGpgwwnn-
JnlbwyGunnieintup pwpblwybint wnwewn-
ynipyniulbn  wwnpnibwynn  wnBhubhywywu
hwoyGwnynipjwl UGpywjwgnidp),

e Swuywlwi, _E p°Us E EUGpghwh pwlwlyw-
ywu yGpnwénipyniup, swhdwl hwdwlywnp-
agbpp W Jwulwghnwlwl uwppwynpnidlt-
np, EuGpghwjh oguwagnpédwl uwnnignidu

nL Unuhpnnphuqp:
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Core Concepts
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Building energy audit
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Energy performance
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Energy survey and analysis

General energy audit
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Measurement and verification (M&V)

performance contract
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INTRODUCTION

Energy management is a necessary activity
for optimizing energy procurement and utili-
zation throughout a facility or building. En-
ergy management seeks to minimize energy
costs, waste and negative environmental
effects while maintaining acceptable pro-
duction, quality and comfort levels.

Energy audit is a key decision-making tool
for energy management. It attempts to bal-
ance total energy inputs with use, and iden-
tifies all the energy streams in a facility.

An energy audit is a systematic procedure
to obtain adequate knowledge of the exist-
ing energy consumption profile of a building
or group of buildings, an industrial opera-
tion, an installation, or a private or public
service with the aim of identifying and quan-
tifying cost-effective energy savings oppor-
tunities and report the findings.’

The purpose of an energy audit (sometimes
called an “energy assessment” or “energy
study”) is to determine where, when, why
and how energy is used in a facility, and to
identify opportunities to improve efficiency.
An audit will identify the most efficient and
cost-effective energy-efficiency measures
(EEMSs).

With increased attention on GHG emissions
and other pollutants, pollution audits are
now a prominent factor in most energy au-
dits.

Figure 1 summarizes the process of
reviewing a building’s energy efficiency and
the savings opportunities through which an
owner or operator of an existing facility
goes.

Firstly, the decision has to be made to save
energy. This may be based on legislative
norms and standards, or it may be based on
the financial motivations of the owner or op-
erator.

An energy audit is conducted to identify op-
portunities for improvement and offer specif-
ic recommendations. The owner or operator
would then need to commit financial, man-
agement, and staff resources to implement
the recommendations. Moreover, these rec-

Leruonre3NkL

EuGpghwjh ywnwdwnnudu wUhpwdtn gnn-
6pupwg B YwgdwyGpwniejwl, opjtywnh Ywd
2tuph dwu2wnwpny Eutpghwjh qudwlu W ogunwi-
gnpSdwl owywnhdw| Jwywpnwly wwwhnybint
hwdwn: EuGpghwh Ywrwljwnpdwu JUhgngny
ywptbh Eujwqbgut)] EuEpgGunhy dwhuutpp, yn-
pniunutbpp U plwwywhwwlwywu wqntgne-
rIntLUGpp Jhwdwdwlwly wywhwwUubp wpunwn-
pnipjwl, npwyh W hwpdwpwydGwnnipjwu gnt-
gwuhoubpp wuhpwdtwn Jwywpnwyh ypw:

EutpgGnhy wnwnhinu tuGpghwjh Ywnwywn-
JwUu ninpuinned npnanudutp Ywjwgutint hwdw-
ywpquwjhtu Unintgdwu gpwywywuu E: W thnp-
onud £ hwjwuwpygnnieintt hwuwnwwnbl Eutp-
ahwjh punhwuntp wpunwnpniejntl W nhw og-
tnwagnpddwl Jheoe W Swnwjnid £ nyjwy op)GY-
wnnwd EuGpghwjih pninp hnuptph pwgwhwjn-
dJwup:

EuGpgGnhy wninhinp hwdwywpgywéd W wywnp-
pEpwywl gnpéplpwg E, nph Uwywwmwyu £ dGnp
ptntl hwjwuwnh wntnGyniejntlutp 26uph wd
2tUuptiph  tudph, wpwwnpwywl gnpdplpwgh,
inGnwywjwuph, Jwulwynp Ywd hwupwjhu éw-
nwjntejwlu Yynnuhg tubpghwih uywndwu Jw-
uhU, bwywwwy ntuGlwny pwgwhwjwnbl, rYw)-
Lwgub] EuGpqwpilwinnnipjwlu  Swhiuwnpnnt-
LUwytwn hbwpwynpniejntuutpp W UEpYwywgutg
utnwgywd wpnyncuputpp:’

Eubpgbunhy wninhnh (GppGdu bwl Ynsynid E°
«EuGpqwogunwagnpédwl  guwhwwnid»  Yud
«EuEpgEnhy nLuntduwuhpnieniu/thnpdwpuunt-
rInLtu») bwwwwyu £ npn2t|, _E npwntn, G°np,
hugnc W pUusgwbE°u £ wnyjw) opjGynnLd oguw-
gnpéynud  EuGpghwl’  pwgwhwjinGiny Eubp-
gwuwnpryntbwybunnienltup  pwnpbiwybine huw-
pwynnpnrpintultnp:

Unctnhwinh dhgngny huwpwynp £ nwnunwd npn2t|
wnwyt| EuGpgw U Swhiuwwpnnituwybun Jhen-
gwnnidutpp' EuEpquwpnynilwyGnnipjwu Jh-
gngwnnidutpp (EWU-LGP):

Qtnpudngwjhl quqbph wpwnwubGwnnwdubph bW wn-
innundwl wj| wpgwuhputph UWwwndwdp NLw-
nnpnLejwlU wbah htwn gniquhtn EuGpgGnphy wnt-
nhwinh pupwgpntd Ywpwnpynid £ bwle 2ppwyw
Jdhewyuwjnh wninnnwénipjwl guwhwwnnudn:

LY. 1-nud wdthnthywé £ gnjnieyniu nlugnn op-
J64inh ubthwywuwwnhpng/unwdwnsh Ynndhg

' Source: Directive 2006/32/EC of the European Parliament and of the Council of April 5, 2006 on energy end-use efficiency and energy
services.

Unpjnipp’ GYpnunphpnwpwuh W Gypwhunphpnh 2006p. wwphth 5-h Yhptynhy 06/32/EC, «tubpghwih ybppuwlwl uwwndwl
wpnnibwybwnnipjwl b Eubpgbnhy swnwjnigintultph JwuhUy:
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ommendations  would need to Dbe
implemented effectively to ensure that the
recommended energy savings are fully real-
ized. Success in implementing an EEM
package recommended via an energy audit
will further inform the owner’s or operator’s
policy or strategy with regard to energy sav-
ings.

Policy or strategy
on saving energy

Eubpgqwhubwinnnt-

[ejwl pwnwpwyw-
uncpjntt b nwquw-
Jwnnreintu

Energy Audit in the
Process of Energy Energy audit with
Savings recommendations

Eubpgbwnhl wninh- IR EUITRTLIE
P UL i Uhg wiwigwn-
UnrejnLuitpny

Implementation of
recommendations
UnwownynepjnLl-
utph hpwyw-
lwgnid nnLpjwl gnpépupw-
gnud

Investment decisions on the
recommendations of the audit

EUGpgGwnhy wninhwnh

wnwwnpyntpintuutph hhdwu
dpw Ubpnpnidubp Yunwnbing
npn2ntd

Different types of entities offer energy audit-
ing services, including energy service com-
panies (ESCOs),”> energy consultants, and
engineering firms. The energy auditor leads
the audit process but works closely with
building owners, staff and other key partici-
pants throughout to ensure accuracy of data
collection and appropriateness of energy-
efficiency recommendations.

The main issues of an audit process are:

e The analysis of building utility bills, build-
ing envelope, installed equipment and
fixtures;

e The survey of the actual operating condi-
tions;

¢ The understanding of the building’s be-
havior and its interactions with weather,
occupancy, and operating schedules;

hpwywuwgynn 26uph EuGpquuwpnnibwyb-
nnpjwl  pwpépwgdwl b EuGpgwhilw)nnnt-
rjwl  hUwpwynpnipyntuubph  JGpwlwdwl
gnpdplpwgp:

UnwoehU hGprehlu, puwwuwpwp, wtwnp £ Eukp-
ghw pubwjGint JwuhU npn2nud Yuwjwgubl, npp
ywpnn £ wmEnh ntuGUw] unpdwunhy nGhuuphyw-
ywl swihwuhpubph W unwunwpwnlubph ww-
hwusutph hhdwu Jpw Ywd ubhwlywlw-
inphno/Junwywnpsh Phuwlivwywl npnuwuwn-
dwnutphg GluGNY:

Eutpgtnhy wninhintu hpwywuwgynid £ pwpt-
(wydwl huwpwynpnipjntbutpp pwgwhwjnt-
(nt W wyn wnndny ynuyptwn wnwewpynipnLu-
utp nluGUwnL bLwwwnwyny: YunthGunl ubthw-
ywluwwbpp/Ywnwdwnhsgp wbwnp £ pUwlivw-
ywu, Ywnwwpdwu W Jwpnywihl dhgngutp
hwwnlwguh wjn wnwewnpynientuubph hpwyw-
Uwgdwl hwdwn: Cun npnud, wjn wnwown-
ynipjntulbpp gwuywih tE hpwywlwguby nng
dwywiny, npwtugh [hwpdtpnptl hpwgyh pw-
gwhwjinjwé Eubpgwplwjnnniejwl ubpnudnp:
Untnhinh wpnniupnud wnwewnpyynn EUU-UEP
thwrebrh hwenn hpwwuwgnidp npwywunptu
ywunpwnwnuw ubthwwuwwnhpne Ywd 2whw-
gnpénn wudlwlwaquh Yypw EuGpgwpiliwgnnnt-
rjwl hGlnwqw pwnwpwlwuntejwl Ywd nwq-
JwdwpnLejwl wnnidny:

EuGpgGwnhy wninhnh SwnwjniejnlluGnp wnw-
swnpyynd GU' EuGpgbwnhy Swnwjnipniultn
dwuwnignn  puybpnieinilubnh?  (ESUC-ULP),
FuGpqbuinhy punphpnwunnlutph Ywd dwpunw-
pwahwnwlwu puybpnipyniuutnh Yynndhg: Eubp-
gtnhYy wninhin hpwywuwgunnp (wninhinnpp)
nGywydwnnid £ wninhinh gnpépupwgp, uwywju
nyjuwiutph hwjwpwagpdwl d2gnwnniejntul n
wnwewnyynn EUU-UGph  hwdwwwwnwuhiw-
untpyntlt wwywhndGint bwwwnwyny wdpnnye
pupwgpntd ubpwnnptl  hwdwagnpéwygnud E
26Uph uGthwlwuwwnbptph, wudbwywaquh W wy|
wnwugpwjhU Jwulwyhgutph hGw:

Untnhwnh hhulwYwl fulinhpltpu GU*

e OtUph Ynuniuwi/EuGpgwyhputph Swhuukph,
wpwnwphu  wwuwnn  Ynbunpniyghwubnph,
nGnwywjwé uwnppwynpnidubph b wnknw-
Ywjwuplutph yGpnLénLpenLu,

e whwgnpédwl thwunmwgh wwjdwllbph
hGunwagnuntenLu,

2 Definition: a company that identifies energy improvements provides the capital required to install improvements, offers turn-key

installation services, and guarantees energy savings.

Uwhdwuynwd £ npwbu puyGpnepinil, npp pwgwhwjinnud £ EuGpquuwywndwl pwpGiwddwl hbwpwynpnipintlUGpp, pwpbiwydwu
dhgngutph hpwywlwgdwl hwdwp wuhpwdtn yuwhwnw| Uepnpnudutbn £ wwywhndnud, Juwwih (w2fuwnwlplubnh wdpnngwywu
hpwywlwgdwl) Swnwjnipintlltp £ wnwowpynid W Gpwphuwdnpnid £ EuGpghwjh fulwjnnne)niup:
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The estimation of energy-saving potential;

The identification of client concerns and
needs;

The selection and the evaluation of
EEMs;

The supervision of selected EEMs
package implementation and monitoring.

The client and energy auditor have to de-
termine the depth of audit required. At
times, a small audit will suffice; however, for
some buildings an extensive audit will be
appropriate and worth the investment. The
client and energy auditor have to balance
audit costs with expected benefits.

This module will present different audit lev-
els, with each level becoming more complex
and time consuming (and therefore more
expensive). The module will also cover an
audit’s implementation particularities as
specified by the EU, American Society of
Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE and Russia. Energy
audits already performed in Armenia will be
presented and the overall situation in the
sector will be discussed.

e hwulwuw| 26Upnid Jwppwaghdp W Enwuw-
Uh, qpwntgywénipjwl b uwppwynpnidut-
nh 2whwagnpédwl dwdwlwywgnigtph thn-
huwqnbtignipniup,

e FUGpqwpulwjnnnigjwl Ubpndh qUwhw-
wnntd,

e wntnhnh wwwyhpwwntubph Jdunwhngnt-
pintlUEPh W Ywphpubph pwgwhwjnnid L
wwnpgquwpwuntd

e [EUU-UGph punnpnipintl L guwhwwnntd,

e LCuwnpywéd EUU-UEph hwpbrh hpwlywlwg-
Jwl yGpwhuynnnie|ntu W Unbhenphlug:

Mwuwyhpwwniu nL wninhnnpp hwdwwnbn npn-
2nid GU JwuwnwnpdbGlhp wnwinhwnh  punpniejwu
wUuhpwdtbn Jwywpnwyp: Gppbdu pwyjwywu £
thuntd thnpp wninphinh hpwywuwgnudp, uw-
Juju npn2 2tUpGPh nGwpenid ntinhl Yihuh Sw-
Jwintu W uGpnpnudubph quwhwwndwl wninhwn
wlugywgub: Mwudhpwwnt b wniphnnpp
wbtwnp £ hwjwuwpwlynbEu wninhinnpuwywl
SwhuubpU nL nhwUuhg unnwgynn ognLinubnp:

Wu Unnninwd YuGpywywgybu wninhwnp hpw-
ywlwgdwl Jwlwpnwyubph opphuwyutpp (nt-
nwpwgjnip hwgnpn dwjwpnwyu wybih pwnpn
L JdwlwlUwlwuwwp E, hGnbwpwp' wybh
rpwlly): Unhunwpyytlu bwl wninhinh hpwyw-
Uwgdwl  wnwUdUwhwwnynipiniultpp®  puwn
Gypwdhnipjwl (GU), 2Gnnigdwl, hnjuwgdwu W

onnpwydwl hwdwywnpqgbph dwpunwpwgtunubph wdtphyjwu Jhnipjwu (ASHRAE) W NnLuwu-
nwuh ynnuhg punntbjwéd uwhdwunidutph: YuGpywjwgytu 33-nud hpwlywuwgywé Eubpgbunhy
wninhwnutpp W npnpuninud wnlw punhwuncp yhdwyp:
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ENERGY AUDIT METHODS FOR
BUILDINGS: TYPES, LEVELS, AND
METHODOLOGY?

Energy audit typically takes a whole-building
approach by examining the building enve-
lope, systems, operations and maintenance
procedures, and schedules. Whole-building
audit provides the most accurate picture of
energy savings opportunities. Alternatively,
energy audit can be targeted to specific sys-
tems (i.e. heating or lighting, ventilation and
air conditioning). Targeted audits may miss
significant bigger-picture energy savings op-
portunities, but may be a good route if spe-
cific energy-efficiency retrofit projects are in
mind and limited funds are available.

Energy audits are comprised of two parts:
one is the study of energy flows in the target
facility or its subsystems (such as the build-
ing envelope or heating, etc.); the other is
the set of recommendations for efficient en-
ergy use.

SELRG P 3UUUN YUhLrUNUNN
ELEMPAGShy UNFYhSh UGRNMLENC.
stuuuLtre, vuyurauuusre sJu
UtrnauLfuLNIR3NILE?

EuGpgGnhy wninhwnp, undnpwpwnp, Juunwn-
dnwd £ wdpnnye 26Uph Jwupwnwpny® hGwnwgn-
wntiny 26Uph wpunwphUu wywuwnnn Ynuuwnpny-
ghwutpp, EubEpgbunhy hwdwlywnpgbpp, 2whw-
gnpédwl bW wwhwwudwl pupwgwlwpgbnlu nt
anwdhyubpp: Udpnng 26Uph wninhnl wnwyb|
62anhn wwwybpwgnd £ wnwihu EuGpghwih
pubuwjnnniejwlu huwpwynpnipntuubph Jwuhl:
Mw hGwn JGywnkn, tubpgbunhy wninhnp Yuw-
nnn £ nunnwé hubp ynuypbuin hwdwywnpgbph
(oppUwy® gbnpnignid Ywd [nruwynpned, onwthn-
funtd W onnpwynd): Lywwnwlwihu wninhwnp
ntwpntd huwpwynp £ wgpwpenn wnyh Eubp-
aghwjh pUwjnnniejwl hbwpwynpnienLuutph
wybh U66 wwuwytpp, uwywju nw Ywpnn £ Jh
(wy Jvhgng hubl, GG Junwnpnipntt w uwh-
Jwlwthwy uGpnpnidwihu Jhengutph wwjdwu-
uGpnud  EuGpquwwpnnibwybunniejwl  wpnhw-
Jwlwgdwl hwwnniy Spwapbp hpwwuwgub:

EuGpgbwnhy wninhinh gnpépupwgp hhduwyw-
unwd pwnyuwgwé £ Gpynt dwuhg' EuGpgGunhy
hnuptiph U GupwhwdJdwywpagbph, (ophuwy’ GU-

ph wpunwphU wwwnnn ynuuinpniyghwubph jwd stnnigdwt hwdwlwpgbnh W wju) hGinwgnunnt-
pinLL b ELEpghw)h wpnyntbwytGwn ogunwgnpédwup yGpwpbnnn wnwewnpyutph UGpywjwgned:

Types and Levels of Energy Audit; Scope
and Description

An energy audit may include different com-
ponents and activities depending on the tar-
get. In residential buildings, activities and
objectives may be different than those of
public buildings.

The needs of the client are key to defining
the scope of the energy audit. Energy audi-
tors should also make clear what they can

EutpgtwnhYy wninhnh wmbuwyubpp L

dwlywpnwyutpp, 2pgwbwyp b
Uywpwagpnipjniup

whijwéd wninhnh Lwwuwnwyhg, EubpgbGunpy
wntnhwnp wpnn £ pungpytp tnwppbp punwn-
nhsutn W gnpénnnie)niuutGp: Auwyth 26UpL-
nnid gnpénnniejntllbpu nL bywwnwyutpp Yuw-
nnn GU lnwpptpdt hwupwhu 2Guptpnd hpw-
Jwlwgynn gnpénnnip)ntultbphg:

Rwéawhunpnh Ywphpubpp wnwluwjhu Gu, Eutp-
gbnhy wninhnph 2ppwliwwyp npn2Gint hwdwnp:

® These sections rely heavily on the following energy-audit manuals and reports: a) Michael Baechler, Cindy Strecker and Jennifer
Schafer, A Guide fo Energy Audits, Richland: Pacific Northwest National Laboratory, 2011; b) Axovaatio Oy/AX Consulting, Energy Audit
Guide for Buildings, Tallinn: Finnish Ministry of Environment, 2001; c) Zivko Dimov, 7ToR for Methodology of Energy Audit and Monitoring,
Uzbekistan: Promoting Energy Efficiency in Public Buildings in Uzbekistan, 2009 d) Doty and Turner, Energy Management Handbook; e)
Barney Capeheart, Wayne Turner and William Kennedy, Guide fo Energy Management, The Fairmont Press, 2003; f) Washington State
University Energy Program, Energy Audit Workbook, Pullman: 2003.

Unnnih hGnljw) pwdhUlbpp JGdwwbu Ywnnigywd BU EuEpgbEwnhy wninhinh JwuhUu d6nuwpyutph W qBYynijguph hhdwu Jdpw:
Ihvlwlwl wnpjnipubpu Gu. w) SGuptph wnbhuuninghwubph dpwaghp «EubGpgGunhy wninhnh ninbgnig» , ywwnpwuwnydt] £ Pacific
Northwest National Laboratory Michael Baechler, Portland Energy Conservation, Inc. Cindy Strecker, PE W Jennifer Shafer, ubwwnbtUptp,
2011p., UUUL Eutpgbnhy nbywnpunwdGunh Ynnuhg: p) Axovaatio Oy/AX Consulting «EuGpgtGwnhy wninhwnp pGUptpnid», Swihu, 2001,
$huwluwynpyt) £ dhujwunhwih plwwwhwwuniejwlu Uwhiwpwpniejwl Ynndhg: q) «EUGpgGwnhy wninhnh W Unuhenphugh
dbpnnwpwunipjwl nblhjwlywl wnwewnpwlpy, wwwnpwuwnyt, £ dhdyn “hdndh ynnuhg, UUDO thnpéwgbun, AED-UUDD
6pwahp, NugpGyunwuh hwupwjhu 26uptph EuGpgwwpnyniuwybwnniejwl fupwhuntudwu Spwaghn: n) «EUGpghwih Ywnwywndwu
dBnuwny» John Wiley and Sons, Wayne C. Turner, «tutpghwjh yuwnwdwpdwl nintgnijg» Cape Hart, Turner L. Kennedy, Eutpgwuwn-
njntlwybunniejwl pjnipn www.energyusernews.com/; www.eeca.govt.nz; &) dwhugunnuph wEnwlywl hwdwuwpwuh EuGpgGnhlywih
6pwahp, «EUEpgGwnhYy wninhinh nLundbwywu d6nuwpyy, hpwwwpwyyt) £ 2003E. dwjhu: WSUCEEP2003-049 U wj|U:
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offer. Below are different levels of energy
audit that can be conducted.

Benchmarking

Energy benchmarking is the development of
measures to evaluate energy use performan-
ce. These benchmark measures can be used
to compare a building or operation to best
practice, to a given standard, to others in an
industry or region, or to its own performance
over time. Benchmark measures can be eith-
er quantitative and/or qualitative indicators of
energy-related data and energy-management
practices.

History of Building Energy Regulation for Apartment Houses
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Benchmarking is best used as a continuous
process in which organizations continually
seek to challenge their practices and set
higher goals. Figure 3 shows the continual
benchmarking of EU apartment units against
an increasingly stringent heating efficiency
standard. In 1964, buildings in EU member
states required 160-200 kWh per square me-
ter per year. By 2008, this figure had
dropped to 50 kWh per square meter per
year.

Benchmarking is the first step in the energy
audit of a building. It mainly consists of
comparing actual (measured) consumption
to a standard or reference consumption of
other similar buildings.

An important issue in benchmarking is the
use of performance indexes to characterize
the building. These indexes can be:

e Comfort indexes, comparing the actual
comfort conditions to the comfort re-
quirements (normative);

e Energy indexes, consisting of energy
demands divided by heated/air-
conditioned area, allowing for compari-
son with reference values of indexes
from regulation or similar buildings;

e Energy demands directly compared to
reference energy demands.

Preliminary Energy Audit

A preliminary audit is the simplest and
quickest type (alternatively called a
walkthrough survey, simple audit, screening
audit, preliminary assessment or initial diag-
nosis). It involves minimal interviews with
site-operating personnel, a brief review of
facility utility bills and other operating data,
and a walkthrough of the facility to become
familiar with the building’s operation and
identify any glaring areas of energy waste’
or inefficiency. Typically, only major problem
areas will be covered during this type of au-
dit.

General Energy Audit
The general audit expands on the prelimi-

nary audit described above by collecting
more detailed information about a facility’s

e LEUbpgwwwnpnipjwl  gnighgubp®  wpunw-
hwjinynwd BU EuGpghwih wywhwluswpyh W
gtinnLgynn/onnpwlyynn tnwnpwépubph dwyt-
ntuh hwpwpGpniejwdp, npp N £ nwihu
hwUGdwuwnniejntl yuwwnwpwntp unpdwwnhy
wnGhuhywywl thwunwenrtpny uwhdwu-
Jwsé Jwd UdwUwwhw 26UpGph  hnndw-
Jhu/Elnwnuwjhu wpdtGputph gnigwuhubph
hGun,

e Jwd EuGpghwjh thwuwnwgh wwhwuswnyh

ninnwyh  hwdGdwwnientt hnnudwjhu/
Elnwinuwjhu  Eubpgbwnhy wwhwuswnyh
hGuwn:
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nhinwnpynid W 2nppwyg’ opjYinh 2whwagnpédwl
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Jwl® ni wlwprynibwybinnigjwl  wylhwjin
npultnpndubpp pwgwhwjntGint bwywwnwyny:
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wnwelwhbnpp ruunhputpp:

Cunhwuntp EuEpgGwnhYy wninhwn
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nh wdpnnpwywl EuGpgGnphy wnwnhw) Jbpp
Ujwpwapywé UwpUwywl wninhnh hwdt-
dwuwn opjGywnutph 2whwgnpédwlu JGpwpbpjw
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*“How to Use Energy Profiles to Find Energy Waste”, accessed June 2014. http://www.energylens.com/articles/identify-energy-waste
hUswtu ogunwagnpsét| ptUph Eubpgbnhy wwnybpp tubpghwjh yununwdp hwjinbwpbptint hwdwn

http://www.energylens.com/articles/identify-energy-waste
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operation and by performing a more detailed
evaluation of energy-conservation measures
(alternatively called a standard audit, site
energy audit, detailed energy audit or com-
plete energy audit). Utility bills are collected,
and the facility's energy demand rate struc-
tures and energy usage profiles are evaluat-
ed. Additional metering of specific energy-
consumption systems is often performed to
supplement utility data. In-depth interviews
with facility-operating personnel are con-
ducted to provide a better understanding of
major energy-consumption systems. This
type of audit will be able to identify all ener-
gy-conservation measures appropriate for
the facility. A detailed financial analysis is
performed for each measure.

Investment-grade Energy Audit (IGA)

The investment-grade audit (IGA) is a com-
prehensive energy audit that seeks to identi-
fy all cost-effective investment opportunities
through a combination of engineering analy-
sis of energy-using systems and economic
analysis of possible energy-saving measures
(alternatively called an engineering energy
audit, detailed feasibility study or detailed
project report). Both energy and non-energy
investments are rated against a single set of
financial criteria that generally stress the ex-
pected return on investment. The projected
operating savings from the implementation
of energy projects must be developed to
provide a high level of confidence. In fact,
investors often demand guaranteed savings.
IGA relies on a complete engineering study
in order to detail the technical and economic
issues necessary to justify investments.

Selecting the Approriate Level of Audit

The energy auditor should work with the cli-
ent (e.g. owners or managers of the build-
ing) to understand the project goals and
available budget, and help the client to de-
termine which level of audit is needed. For
smaller facilities where there is no major
capital improvement plan or budget, a pre-
liminary audit could yield results that make
the cost of the audit worthwhile. If you have
a larger facility that has never been audited,
a general audit would be more appropriate
due to the complexities of systems and po-
tential savings opportunities. IGAs are more
expensive, but are good options if you have
defined energy-efficiency goals but not yet
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nhwyh wninpnh dwdwuwy wbwnp £ pwgw-
hwjnytlu opjGYuinnd wnlyw pninp EuGpgquiuliw-
jnnwywl vhgngwnnidutpp: 3ntpwpwlgnip Uh-
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taken action, or if you have plans for a major
renovation or equipment upgrade.®

ENERGY AUDITING OF BUILDINGS

An energy auditor leads each phase of the
energy audit process; however, the facility
owner, key operations and maintenance
staff, and contractor (if applicable) also play
key roles and should be actively engaged
throughout the entire process.® Regardless
of the audit level chosen or the number of
buildings to be audited, the energy audit
process is generally the same. The first step
is to develop a contract (after which an en-
ergy auditor is selected) that includes the
scope of work, deadlines, and deliverables.
The phases of the energy audit listed in Fig-
ure 3 can be used to define the scope of
work to be agreed upon between a building
manager/owner and the auditor.
)

wuglwgub: Lepnpnudwihu Jwywpnwyh wnt-
nhinutpp wyblh pwuy, vwyuwiu jwy nwppt-
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nhwywlwgdwl Spwaptp Jwu®:
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ywplnp nGpwywuwnwputp GU W gwuywih £, np
wywnhynptU uGpgpwyywd |hubu wdpnng gnp-
dpupwgh dwdwlwl® Eutpgbwnhly wninhwnh
gnpépUuprwgl punhwuntp wndwdp Unyul £ wu-
ywhu wninhunh hwdwnp puinpjwé dwlwpnwyhg
wd wninhnh hwdwn bwpuwwntudnn 2Guptph
pwlwyhg: Unwghtu pwjip wwjdwlwagph Yugq-

Unitdu E (EuGpgGinhy wninhnnph punpnipinituhg hGunn),npp UGpwnnud £ wuwwnwuph 2pgwlw-
Up, ywuwnwpdwu dswdytnutpp W hwodbGwndnipjwdp pungpydnn wpnyntuputpp: EuGpgGunpy wnt-
nhuinh hpwywluwgdwl thny Epp, wywwnybpgwéd Gu LY. 3-nud W yuwnpnn GU ogunnwywn [huG| 26Uph ub-
thwwluwwnhpng/yunwywnsh W wninhnnph Ynnuhg w2huwwnwuph Swywp npn2t6int hwdwn:

phase Micstone(y

Plan activities

Preﬁmmary Facility benchmarked against similar buildings Collect and analyze utility data*
review of en- ) o - -
ergy use Base energy load identified Calculate EUI and compare to similar facilities
Assess energy-efficiency improvement potential
sit Site data collected Interview building staff
e assess- Immediate energy-savings opportunities identified  Visually inspect building and key systems**

ment o - . o

Preliminary findings discussed Collect data

EEMs prioritized according to project and financial ~ Evaluate utility and site data
Energy and

goals

Savings estimates generated

Final report discussed

Action plan developed for next steps****

*Bills for electricity, natural gas, liquid fuels, etc. for the period of last 3 years.

** Visual inspection and inventory of a building’s key elements, including construction details of the building envelope (e.g. walls,
roof, windows, doors and related insulation values); an inventory of HVAC capacities and rated efficiency; manual, time clock or
automated HVAC control methods; interior and exterior lighting systems and related controls; service hot-water systems.

*** Equipment, operations (working time); general schemes of energy supply (electricity, heating, natural gas, fuels, etc.); design
information of the building envelope, existing energy resources, energy account system; instrumental examinations.

**** Analysis of solutions; follow-up of implemented EEMs.

Analyze energy and cost savings
Develop list of recommended measures
Summarize findings

Present recommendations

cost analysis

Completion of
audit report

® These audits should include a preliminary feasibility study (often provided by potential energy auditors free of charge) to scope the
energy-saving opportunities and ensure that the cost of the energy audit is worth the savings payoff.
FuGpgqwhilwynnniejwl hUuwpwynpniejnilubph Swywip npn2Gint Lywwnwyny L wwwhnybint hwdwp, np EuGpgbwnhy wninhnh
Swhuubpp Ythnpuhwwnnigybl unnwgybihp pubwgnnnipiniubph hwpyhtu' gwulwih £, np wju wniphnubpnd UGpwndtUu Lwl
UwhilwywU hpwanpétihnipjwl nuntdbwuhpnieniup (hwéwh wuddwp inpwdwnpynid £ wynintughw| tubpgbunhy wninhnnpubph
ynnuhg):
® In multi-tenant buildings, it may make sense to include influential tenants or occupants in the process if shared energy costs or building
comfort issues are a potential concern. Identifying an internal project manager to oversee the project will help to ensure success.
PwqUwplwlwpwl 2Guptph nbwpnud, EuGpghwih Sdwhuubph hwdwJdwulwlywl pw2udwl Ywd 26Upnud hwpdwpwybunnipjwu
dJwywpnwyh yGpwpbkpjwy - yhéGih fulnhputph wnluwjnipjwl nGwpnd, npwdwpwlwywl Yihutn UGpgpwdt)  henhuwywynp
pUwyhgubphu: Spwagph pupwgph yepwhuynnnipjwl Lwwwnwyny Spwaph Ubppht Ywrwywnhs Lpwlwybip Ywpnn £ hwennnipjwlu
hwultnt gpnwydwywup (hubg:
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m Rw2ytwnnt dhgwllyjwy thnepbp QnpénnnipjnLlltpp

EuGpghwjh  uwwn-
Jwu  Lwhplwywu
ncuntduwuhpnt-
rInLU

Stnnwd jwwnwnpynn
quwhwwnnid

EuGpghwjh W dwfu-
ukph JGprnuént-
rINLU

Untnhinh  hwpybwn-
ynipjwl Yuqgunid W
wuthnthned

OpjGyinh  hwdbdwwnwywl  dGpint-
onLejntup ywwwpywéd £ Udwlwwnhy
wyj| 26UpEnh LYwwndwUp

Npn2qwé E Eutipghwih pwqujht ww-
hwlugwnyp

OpjEywnnh Jwuhu wnyjwiubEp hwlw-
pwagnpywé Gu

SEnnud, wudhpwywl hpwlywluwgdwl
EuGpqwhilwjnnnipjwl  huwpwynpnt-
rinLtUUEpp hwjnuwpGpywé W yGnpnis-
Jwé B

Lwpplwwl wpnyniupubpp pulwpy-
Jwé B

EUU-UGpp nwuwlwpgywd EU  puwn
opwagph L $huwluwlwl Uwywwnwy-
utph wnwelwhGppenip)nLlltph
Ywwnwnpywd U hubwjnnniejntlltph
hwdwwwunwupuwl hw2dwpyutpp

Jbpouwlwl hwpyGwnynieintup  pu-
Uwnpyywé £

Rwgnpn pwjltph hwdwp gnpénnnt-
rINLUUEPh wwlp Upwyywé £ ****

QnpénnniejnltlUGph wiwlwynpnid

UnUnibw/EuEpgwyhpubph  dwhuutph  wnyjwiutph
hwywpwannid b yEppneénepinlu®

Ywwnwnb| EUS-h hwpdwnynid L hwdGdwwnnientu
UJwlwwnhw opjGYinuEph hGwn

EuGpgqwuwnpnnibwybunniejwl pwnpbiwddwl utpne-
dh quwhwuwnnwd

CEUph wuduwlywaguh hGwn hwpgwagpnigh hpwyw-
Lwgntd

Ctuph U wnwugpwjhu hwJdwlwpgbph wnGunnu-
Ywu quuncu**

Syjwutp hwjwpwagpntd ***

UnUnibw/EuEpgwdwwnwlwpwp  puybpnip)niupg
unwgywéd L nbnnud hwywpwagpywéd nyjwiutph
guwhwuwnnid

EuGpghwih W SwhuubGph pulwjnnnipywl  yGpne-
6nLenLu

Unwownyynn dhgngwnnidubph gwuyh ywqunid

Upnjntupubph wdthnthnd
Unwyownyntejntultph UGnywjwgnid

* JbpghUu 3 tnwphubph pupwgpnid Jéwnpywsé ElEYunpwtubpghwih, puwywl qugh, henniy Junbihph, W wj hwahyutp;

** GGuph Ywplnpwanyu tnwpptph mGunnwywu quunwdp b gnipwapnudp Jwulwynpwwbu UGpwnenud E. 2GUph ywwnnn Ynuuwn-
pnLyghwutnh Ynuunpniyunnpuwwl Jwupwdwulbpp (oppUwy’ wwwnbpp, tnwlhpp, wywwnnthwllbnp, neubpp W npwlg wnlsynn
sEpdwihnpuwugdwl nhdwnpniejwl wndbputpp), stnnigdwl W hnwgdwl hwdwywngbph gwuyp, npdwépwihu hgnpniejniultpp
L npwug Undhtw| wpnyniuwydbunneeniup, stnnigdwl b hnjugdwu hwdwlwnpgbph® Jshuwuphywywu, spwagpwjhtu Ywd wywnn-
dwuwn Ywnwywnpdwl JGennutpp, Uepphu L wpunwphU (nuwynpdwl hwdwywnpgbpp W npwug ywnwdwpnudp, hugwbu bwl YEu-

gwnwjhu tnwp snwdwwnwyuwpwndwl hwdwywnpagbpp:

*** Uwppwynpnedubp, pwhwagnpénid (w2uwwnmwlpwihtu dwdtn). Eubpguwdwnwywpwpdwl punhwunip upubdwubn (EEYnpw-
EuGpghw, gbnnignid, puwlwl quq, wj, Jwnbhp U wjll). 26Uph wwwnn Ynuunpniyghwutbph dwuhU inbnGynipintbuutn, wnyw
Eubpgbunhy wwpwpubpp, EuEpghwh nhdwg ydwpdwu hwdwlwnpgp. gnpdhpwjht hGlwagnunnee nibutp:

**** Lnénwdubph dGppneénipncl, EUU-UGNh hpwwlwgdwl yEpwhuynnniencl:

Auditing the building envelope

A key issue is how to control the exchange
of heat with our surroundings. This is dis-
cussed at length in Module 5; architects de-
sign the structure of an envelope to respond
to several (including structural and aesthetic)
considerations. Primary issues for energy
audits are thermal resistance considera-
tions. Building envelope auditing comprises
the estimation of the areas of walls,
windows, doors and other parts of the
envelope. Structures and sections of the
envelope components should be identified,
e.g. heat transfer coefficients [W/ (m°C)],
thermal values [U-Value (W/(m* °C) and R-
Value (m? °C/W)], and the heat loss of these
components calculated.

GEUuph wpwnwphu Ywwnnn Ynuunpniyghwubph
wntnhnh hpwlwluwgnidp

Cpowwwuwnnn Jhpwywiph hGwn gbGpdwthnpuw-
LUwyntejntup wnwugpwjhu hwpgbphg E, npp,
puwn Encpjwl, pulwnyyt] £ Unnny 5-nud: dwn-
tnwnpwwbwnubpp bwhiwaénid U pEUph wpunw-
phu wwuwnn ynuunpniyghwutpp® GlutGiny npn-
2wyh uywwwnnidubphg, npnughg Bu Jwnnig-
Jwépwjhu W gnwaghnwywu hwwmywuhpubpp:
Uwywju Eutpgbinphy wninhinh  dwdwlwy
wnwlwjhu Gu 26Uph gtpdwjhl Ww2nwwunt-
rjwl fuunhputpp: GGuph wpuwphU wwwnnn
ynuunnpniyghwutph  wnwnhinp Gupwnpnd £
wwuwbph, wwwnithwuubph, nrutph W 2GUph
wnpunwphu  wwwnn  Ynbunnpniyghwubnph  wyl
Jwutph Jwybptuutph qUuwhwwnnid: Wuhpw-
dbwin £ npn2Gp wpwnwpht ywwnnn ynbuwnpney-
ghwutph pwnwnnhgutnp, Yunpjwéputph Yw-
nnigywoépp, punniltp wd swihwagpbp wpnw-
BhU wwwnn Ynuunpniyghwltiph pwnwnnhsut-
nh eGpdwhwnnpnuwywuniejwu gnpédwyhgutpp
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Auditing energy systems

A list of the major energy-using systems
should be made for each facility as soon as
utility use has been broken down by sea-
sonal and base loads.” Afterwards, the audi-
tor should estimate when and for how long
each system is in operation throughout the
year. During this process, each system
should be evaluated from an energy-use
point of view and the amount of this energy
should be calculated. Potential savings may
be revealed as well. Allocating energy use to
specific building systems makes it possible
to identify those areas with the greatest sav-
ings potential.

Prior to the site assessment, the energy au-
ditor should be informed of any previous au-
dits and recent or planned building im-
provements.®

Gathering data and information

The reliability of data may prove decisive for
carrying out a successful audit. The quality
of calculations, as well as final recommen-
dations and decisions, are directly tied to the
quality of information. Thus, the data-
collection stage is critical throughout the au-
diting process. Data should be obtained
from the following sources: utility bills, archi-
tectural and HVAC engineering plans of the
building’s, local climatic conditions, energy-
consumption records, etc.

While this inspection should be performed
during normal work hours, off-hour visits
may be also be necessary in order to find
out if there is any equipment left running or
some other faults which might not be
detected during the working day.

Reviewing utility data
The energy auditor first performs a prelimi-

nary energy-use evaluation by examining
utility data, building or system diagrams,

[Mwn/(U°C)], gbpUwhnpuwlgUdwl U ekpdwthn-
fuwugdwlu nhdwnpnijwl wnpdtGpubpp [U-wp-
dtp (M / (U? °C) L R-wpdbpp (U? °C / dw)], L
hwodwpyb) etpdwihu Ynpniunubpp 2Guph pn-
(hp wpwnwphU wywwnnn ynuuinpniyghwubnph Jp-
ony:

EutpgtwnhYy hwdwlwpgbph wninhwnhp
hpwlywluwgnidp

EuGpgGwnhy Swhuubpu pun ubgnuwjhu W pw-
qwjhU pbrtph” pwptubintg htnn wuhpwdbwn E
ywqub] jnpwpwugnip opjGynnud wnyw hhu-
LUwywu EuGpgwuwwnnn hwdwywpgbph/uwp-
pwynpnidutpph gwuyp: WunthGinle wninhwnnnpp
hwodwpynid £ jntpuwpwUgnep hwdwywpgh w)-
fuwwnwupwjht dwdtpp nmwpyw pupwgpnid W
cwhwgnpédwl  dwdwlwywhwwmdwép:  UYju
gnpépupwgh dwdwlwly wuhpwdtwn £ Epnt-
66| jnLpwpwlgnip hwdwywnpgh EuGpgwuwwn-
Jwl wpnnibwyBunniejntup bW hwdwpyt)
thwunnwgh uwwnywé Eubpghwih pwlwynt-
rIntUUGpp, pwgwhwjntiny wnuntughw) fulw-
jnnniejnLtbutpp: SGupnud uwywnywé punhwuncp
EuGpghwu' Eubpqwuwwnnn hwdwlwngbph
Jdholt Jwd punn Lpwlwyniejwl pwhubip huw-
pwynnpnieintl £ nmwihu hwjnuwpbpt] ppuw)n-
nnipjwl wnwybp ubpnid ntubgnn nLnnnipnLU-
utpp:

Swulwih E, np EuGpgGnhy wninhnnpp, Uwiu-
pwl wbnnud quwhwuwnnd Ywuwnwpbp wnbnt-
ywgywé [huh 26UpnLd Uwhuyphunid Yuwnwpywéd
uinntgndubph,  nwunwdUwuhpnoenluuph W
hpwywlwgywé wd LUwhiwwnbuynn pwpbihn-
huntdutph dwuhu®:

SYjwubph b mEnGYnLejnLtUuGph
hwywpwagpnidp

SyjwuGph wpdwlwhwywwnieniup Ywpnn k
npn2hg nbp fuwnw| wninhnh hwegnn hpwlyw-
LUwgdwl hwdwp: Iwpqwpyubph Gownnie)niup,
huswbu Lwl YBppuwlywl wnwewpynLeinLu-
utpu nL npnpnudutGpp nunnwyhnptu Yuwywsds
GU hwdwpwagpywd inbnGynientUUGph npwyh
hGwn: IGnbwpwn, nyjuutph hwywpwagnpdwl

” Base loads are energy-using systems that consume a continuous amount of energy throughout the year. Base loads include office
equipment, domestic hot water, lighting, ventilation and appliances. Seasonal loads, such as heating, air conditioning are usually
associated with changes in weather or operation of the facility (i.e. school season).

Pwquwjhu pbn wubny hwulywunwd Bup wju EuGpgqwuwwnnn hwdwywnpgbpp, npnup wdpnne nwnpyw pupwgpnid 2wnpnibwywpwn
EuGpghw GU uwwnnd: Pwquwjihl ptn BU hwdwpynd gpwubljwyh uwppwynpnudubpp, puwlwpwuh nwp gpnwdwnwywnwnpnidp,
(ntuwynpnidp, onwthnfunwdp U YEugwnwihu ElGYnpwywl uwpptpp: UGgnuwjhu ptnp, ophluwly® stnnignidp, onnpuwyniup
unynpwpwn wrbsynid G Gnwlwyh Ywd opjlyinh oginwagnpddwl puntjeh thnthnfunipintultph htwn (oppuwy’ ntuncduwlwu ukgnu):
8 Additionally, it is necessary to ensure in advance that the energy auditor has permission or security access to complete certain tasks,
such as photographing facility equipment, accessing machine rooms, or collecting data from control systems.

Pwgh wyn, wuhpwdtwn b Lwhwwbu wwwhnyt, np EuGpgGnhy wninhnnpp npnpwyh wnwewnpwuplbn Ywwnwnbnt' opjtlywnh
uwppwynpnidubpp  (nuwllwpbing, JdepGUuwubph upwhubp Jdninp gnpétint Jwd Ywrwyjwpdwl hwdwlwpgbphg wndjuiutp
hwywpwaptnt pnejnynieintt ntublw:
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equipment lists, and other facility infor-
mation. In general, the energy auditor
should collect and review at least three
years of utility data during the energy-use
analysis to account for seasonal variations
and patterns of energy use.® Monthly utility
bill data is most commonly used; however,
hourly or more frequent interval meter data
are becoming more widely available from
utilities. All forms of energy (electricity, gas,
water) should be included in this analysis.

From this evaluation, the energy auditor will
calculate the facility’s base energy consump-
tion, energy utilization index (EUI) actual
value (base annual energy use divided by
square meter) and energy end uses (Figure
4). The EUl and base energy load enable
the energy auditor to benchmark these data
against the energy use of similar buildings
and systems to illustrate the potential mag-
nitude of energy-efficiency opportunities and
provide an early estimate for potential sav-
ings. The energy auditor also looks for any
changes in energy use over time and poten-
tial causes for those changes.

At this stage, the energy auditor may pre-
pare a preliminary report that includes a
summary of data, graphs and other visuals
to allow for easy interpretation. Results from
this analysis can be helpful in determining
which level of audit to perform; results also
inform recommendations in the final audit
report.

thnep b gnpéplewgp 2w uplnp GU nL wlh-
pwdtown wninhwnh nne pupwgpnty:

Syjwutpp Ywnbh £ 4Gnp pbptL hEnlyw wnp-
jnLputphg’ Yndntbw/EuGpgudwnwywpwn dw-
nwjnLeintLUGnh Ynndhg uGpywjwgywéd hwhy
wwpwupwantphg, 26upbph dwpunwnpwwbGnw-
ywu, 230 hwdwlwngbph wnGhuupyuwywu Lw-
fuwaqgétphg, nbGnwywu Yhdwjwywl wwjdwl-
utph/hwnpwswihtph JGpwpbpjwp wbEnGywwnne-
utphg, EtuGpghwjh uwwndwl hwoqwndwl
Jwuwnjwuubnhg W wyu:

fetW UJwé niuncduwuhpnienLUuBpp, unynpw-
pwn, hpwywluwgynid GU Unpdw| w2huwwnwu-
pwjhu dwdbph pUpwgpnid, uwlwju Lwwunw-
Jwhwnpdwnp E nw wlb] bwl w2ppwnwlpw)hu
dwdtnhg nnipu, npp huwpwynpnieintl Yuw
pwgwhwjwnt], ophuwy' Jhwgwé pnnUywsd
uwppwynpnudutpp wd wy] rbpnie)nllutn,
npnup unynpwpwnp huwpwynp s£ hwjnuwpt-
nGL, Gpp uwppwynpniduGpp gwnuynd G wp-
fuwwnwlpwhu ntahdnid:

Ununitbw/EuGpguyhputiph 6whuutph
njuwiutph ntuntduwuhpnepynilu

EubpgGnhy wninhwnnpp wnwehu htprehu Yuw-
tnnwnnwd £ EuGpghwjh ogunwagnpédwl Uwhulw-
ywu qUwhwwnd® Yndntuw/EuGpgwyhpubph
Swhuubph, 26Uph qbwagptph Ywu hwdwlwnpgtb-
nh nhwagpwdutiph, uwppwynpnidutph gwuyt-
nh W opjGywnh dwuhU wj wmbntEywwnynipjwl
ntuntduwuhpntejwU Uhgngny:

EuGpgtwnhy  wnunhwnnpp, Eubpgwuwwndwl
Jeniniéniejntt juwwnwpbihu, ubgnuwjhl wnw-
tnwunwdubpp L EuGpghwjh ogunwagnpédwl Un-
nGlutpp npn2GnL hwdwp, unynpwpwp, hwyw-

pwagpnud W nwuntdUwuhpnd £ wnudwqlu Gpep lmwpdw yndnitbw/EuGpquyhputph dwhuubph
nyjwubn®: dbnLénLeyntlutph dwdwlwy hhduwywuntd oginwagnpdynid GU wduwywl Yurnpuwé-
pny Yndnituw/Eubpgwyhputph dwhuutbph nyjwiutpp, uwywju gwuywih £ yGpnedtl bwl hw)-
JwndwlU UtpphUu hwyhsubnh gnigdniupubph dwdwjhu Ywd wybih hwdwhwyh wwppGpwyw-
unipjwl nyjwiutpp, nnnug unwgnidp quwiny wyth Jwwgtih E nwnunwd: Wyuwhuh yGpinwént-
rjwl dwdwlwy hwyh U wnuynid EuGpghwjh pninp tnGuwyutnp (EiGYUNpwELGEpghw, quq, gnLp):
LJwl qguwhwwndwU wpnjnitupnud EuGpgBunhy wninhinnpp wGwnp Ehwodwnyh opjGyuinh pwquwjhu

EuEpqwuwwnnidp, ELEpghw)h uywndwu gnighgh (EUS) thwuwnwgh wpdtpp (pwquwjhu EuGpghw-
Jh nmwpGywl uwywnnd pwdwluwsd pwnwyniuh JGwinph) W EuGpghwyh yeppuwywl uywndwu Yuw-

nnigywodpp (LY. 4):

® Future energy-consumption trends are constructed based on this data. Utility bills may not accurately reflect energy-consumption vol-
ume and mode. For instance, many larger facilities (public buildings) may have one electricity meter for two or even more buildings, which
are located rather far from each other and have different operational systems and capacities. In such cases, auditors should look for
equipment capacity data and combine this with the load factor, calculating energy consumption per each equipment unit.

Eutpghwjh oginwgnpédwl wwwagw dhinndubpp Ywenigyned BU wju ingywiubph hhdwu ypw: Undnibwi/Eubpquyhputph dwhuubph
hwhyutpp huwpwynp £, np 62gnpnnptu swpunwgnitu Eubpghw)h uywndwl Swywip W nEdhdp: Ophuwy, Uté opjtlwnutphg pwwnkpp
(hwuwpwywywu 26Uptpp) Ywpnn GU nubUw] UGy EGYnpwywu hwpdhs Gpyne Ywd, unyupuy, wybih 26Uptph hwdwp, npnup
gwnuynid EU hpwphg pwywlwupl d&6 hbnwynpnigjwl ypw L ntubu mwppbp $niuyghnuw) hwdwywngbp W hgnpnipiniuutbp: LUwu
nGwptpnd wninhnnpp wbnp £ uwppwynpnudutph hgnpnieyniuutph JwuhU nyjwiutp thunnph W npwup' ptinh gnpéwygh htun
hwdwnnGny, hw2dwnyh jntpwpwtgnip Jhwdnp uwppwdnpdwl ynnuhg uywnynn EUGpghwl:
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EUS U EuGpghwjh pwquwjhu pGnujwénipiniup EubGpgbunhy wninhinphu huwpwynpniejnitu Gu
nwihu wju nyjwiubpp hwdtdwwnwywu yeppniénipjwt Gupwnyt, UWwuwwnmhw 2EUpEph W hw-
dwywpagbph ynndhg Eubpghwjh uywndwl ngjuiutph htn® EuGpguwpnyniuwybunniejwl huw-
pwynpnipntllubph ubpnudh JGénieintup ywwnybpwglubint W huwpwynp pubwjnnniejnibltph
LUwhilwywl hw2dwpyutp yuwnwntine hwdwn:

Eutpgbnhy wninhnnpu nwuncduwuppnud £ bwl dwdwuwyh pupwgpnid inbnh nlutgnn Eutp-
ghwjh uywndwlu gwuywgwd thnthnpuniejwl JwuhU nyjwiutGpp W wjn thnthnpunipynilutph
huwpwynp wwwndwnubpp:

Wu thnynwd EuGpgGnhy wninhinnpp Ywpnn £ bwpibwywu Jhowuyjw hwodGwndnieintt wwn-
pwuwnb* UGpwntbiny wdthnthjws nyjwiubpp L gpwdbhyutpp, huy hrnwqw Jeyuwpwunceniup
hGunwgubint bywwnwyny bwl Yninwytbp inGunnuiywu Ujneetn, Uyuwpubn W wju:

LdwU JGppniéniejwu wpnynitupubpp jwpnn GU ognmwlwnp hubp bwl pupwghy wninhnh Jw-
Jwpnwyp npn2Gint hwdwp: Unwgwd wpnyniuputph hhdwu ypw Ywqdwynpybint GU wninh-
nh yGpouwywl hwpybGwnynieintunid inpynn wnwownyutpp:

Ljwp 4. EuGpghwjh ytEppuwlwl vywndwl Gnw-
bwlyutpp 26Uptph hwdwlwpgbpnud Iwjwuwnwlhp
nhwwjhu 26GUptpnLd

Unpjnppt EubGpgGunhy wninhinp hwpybnygnipiniultpp, Juwnw-
nwé S.UGynjwuh ynnuhg UU2D hwjwuwnmwljwl gpwubljwyh
Ythdwyh  thnthnpunipjwu  épwanh, huswbu Uwl Iwjwunwuh
JGpwywugluynn EuGpgbinhywyh W EuGpqwhibwnnniejwl hhuuw-
npwuh gnpénLutiniewu 2ppwuwyutnnid, 2012p.

Figure 4. Energy end uses by building systems in
typical buildings in Armenia

Source: Audit reports by Tigran Sekoyan, Audit Reports for
the Climate Change Program, Yerevan: UNDP Armenia/

Armenia Energy Efficiency and Renewable Resources Fund,
2012

Residential Building / Puwlkih 2Eup School / Yuypng

r 7% 3%

® Heating / sbhnnignLd

m Heating / sbnnignud

mHot Tap Water / nwp gnLn ®m Lighting and Office Equipment / [nLuwdnnpnieniu
gnpwubUjwuw)hb uwnppwynnnidubn

= Other / wjy

= Lighting / LnLuwydnnniiniu
= Other / wyjy

Hospital / 3pjwlnulung
4%, 3%

Municipality Building /

Swilpwjhlu 26Up 5%

6%

57 3%

m Heating / gGrnLgnLd

m Lighting and Office Equipment / intuwydnnpnipEjniu b
qnwublUjwwjhb uwnppwdynpnidubn
= Medical Equipment/ pd2jwywlu uwnppwynpnidubp

® Heating / sbnnignLd

m Office Equipment / gpnwublUjwluwhU uwppwynpndubn
= Air Conditioning / onnpwynwd

= Lighting / [nLuwygnpni)nLu

®m Other / w|

® Food Preparation / ulunh ywunwuuwnnod
= Laundry/ |wgp
®Hot Tap Water / tnwp gnLn

= Other / wy|

-317-




Module 9: Building Energy Audit and Certification

Energy balance

Energy balance entails the analysis of a site’s
energy use, identifying the sources of energy,
determining the amount of energy supplied,
and detailing what the energy is used for. The
analysis should identify important factors af-
fecting energy use, such as hours of operation
and variations in loads during the day or year
df different billing rates are considered under
the country’s energy policy).™

NOTE: Energy balance should be derived for
all energy sources used at a site.

To complete an energy balance the amount of
energy supplied is compared to the amount of
energy consumed by all energy-using equip-
ment and processes. Energy-using equip-
ment and processes in the typical office build-
ing include, forexample, boilers, refrigeration,
lighting, HVAC, office equipment, etc. The
specific energy consumption expressed as
EUl is given in energy used per square meter
per year (kWh/m?yr) and compared to a
benchmark for the building type being audit-
ed. This is a good measure of the relative po-
tential for energy savings.

NOTE: Lower EUl means there is less po-
tential for energy savings.

IMPORTANT: Annual energy use and fuel
consumption should be converted to the
same unit, e.g. kWh (Figure 5).

Eutpgtwnhy hwayblyzhn

EuGpgbwnhy hwoytyzhnhg hGnlind £ opjGywnh
EuGpgwuwwndwUu JGpniénipiniup’ pwgwhwyj-
wntiny tuGpghwih wnpjniputpp, npn2tbing Jw-
tnwywpwnpywéd Eubpghwjh pwuwynipjntup W
JwlupwdJdwulb|nd, rE hug bwwwnwyny £ ogunw-
gnpéynid EuGpghwl: YGpndnieyntul h hwjwn £
pGnnud EuGpghwjh oquwagnpédwUu ypw wqgnnn
Jwplnp gnpénuutnp, huswhupp GU' whwanpé-
JwU/w2pwwnwupwihtu  dwdtpp, opyw Ywd
nwpyw pupwgpnd pbnh tnwwnwunwdubpp, Bp-
Unph EUGpgGwnhy pwnwpwlwunipjwdp wj] uw-
ywqlwjhu npnypwswihGph yhpwndwl huwpw-
Jnpnipntubpp Wwjiu: ™

Swunpenipjnil. Eubpgtunhly hwayty2hnp wyhkwnp
E UGpwrh wywy opjtlyuninid oguwgnpéynn
tukpghwjh pninp mbuwyutpp:

EutpgtGunhy hwodtyzhnp Ywagudtint hwdwp Jw-
nwywpwpywé/gujws Eubpghwih  pwuwynt-
rjnLUp hwdtdwwnynwd £ EuGpghw ogunwgnpénn
pninp uwppwynpnuwdutph W wpngbulbph ynn-
Jhg uywnwé Eubpghwjh pwbwynipjwl hGwn:

Shwwjhu gpwubUjwywjhu 2GUpnd EuGpghw
ogwnwagnnpénn uwppwynpnudubpu nL wpngbu-
utp GU, ophuwy’ etnnigdwl Ywpuwlbnp, uw-
ntgdwl hwdwlwnpgp, onnpwydwl hwdwywn-
an, (ncuwynpnidp, gnpwubljwywihu uwppwyn-
pnudubpp W wyu: EUS-ny uGpyuwjwgywé Eubp-
ghwih wnGuwywpwp uywnnwdp, wpnwhwjun-
quwé' nmwptywu Yunpdwépny uywnjwsd Eubp-
ghwjh pwuwynipjwu W gbnnigynn Jwybptbuh
hwpwpbpnipjwdp (Y4ind/u? mwnph) hwubdwin-
ynud Ewninhinh Gupwnpyynn 26Uphu punpn? hw-
Jedwwnwywl depnednipjwl wnyw wnyjwiutph
hGw, npp tuGpghwh ppbwjnnniejwlu hwpwpt-
pwywu wnintughwip npn2tnt (wy Uheng E:

BSwunpenipjnil. Swép EUS Lpwlwynid E guwép EuEpgwulwynnnipjwl Ukpnid:

Nwnpnipyntl’ SwpEjwl Eubpghwyh uywnenwdp b pnpnp mbuwyh Junbihpubph ogwmwgnpént-
Up yEwnp E wpnwhwjnywé thuku dhulngu swithh dhwynpny, ophtwy® Y4wnd-ny (Luy. 5):

" The energy balance is a list of on-site equipment and a reconciliation of observed end-use and purchased energy. To reconcile energy
use with energy purchased, all on-site equipment that uses or produces energy should be listed with its normal power demand (electricity,
heat) or output, and typical "on" time schedule noted.

Eutpgbwnhy hwaytbyphnu opjtyinnid wniw uwppwynpnidubph gwulu £ b neuncduwuhpnigjwdp wwpqywd Eukpghwih yeppuwywu
uwywndwl b quwé EuGpghwih pwuwynipiniuubph hwdwnpnudp:  Uywndwé W qgujwéd EuGpghwl  hwdwwwwnwuhuwubgubnt
hwdwp wuhpwdtn £ Juaqdt) wnbnnd welw Eubpghw uwwnenn WYwd wpunwnpnn pninp uwppwynpndubph gwuyp' npwlg
EuGpghwjh Undhtw| wwhwuswpyh (ElGYpwELEpghw, sGpdwjhu EuEpghw) Ywd wpunwnpwuph «thwunwgh nGdhdhu» punpny
dwdwluwlwjhu gpwdbhyny hwunbpa:
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Energy Units

°
Eutpghwjh swihh dhwynp
Megajoule
UGguwsgnnt|
Gigacalorie
Shgwyw|nphw
kilowatt hour
yhindwinun dwd

British thermal unit
Pphunwlwlwl eEpdwihu Jhwynn

Heat balance, as an essential part of energy
balance, is a useful tool to clarify energy
losses through the building envelope. Heat
balance shows the energy inputs and out-
puts of a building. The balance helps to
make sure that the building’s energy use is
correctly understood. The inputs and outputs
should be “the same”. The main heat input
is of course the heat required for space
heating, air conditioning and domestic hot-
water production. This means, in practice,
district heating, heat from local boiler houses
or individual boiler, and electricity for heating
purposes.

The electricity supplied to the building is also
an input because the electricity used by
lighting and other equipment is partly trans-
formed into heat. The people living or work-
ing in a building also release heat. Sunlight
causes heat inputs through windows. In a
building with a well-operated control system
these free heat sources will cover a large
part of the required heat.

Outputs are heat losses through windows,
walls and other parts of the building enve-
lope, and the heat of exhaust ventilation
flows and air leaks. Water flowing through
waste pipes contains heat as well.

Specific numbers

When comparing and characterizing building
energy consumption, certain specific num-
bers are useful. Commonly used specific
numbers are: annual heat, electricity and
water consumption per square meter or vol-
ume of building (kWh/m? per year or kWh/m?®
per year and liters/m? per year or liters/m®

mJ kWh BTU
o o o
us ydwnd pU

10°J 2.39*10 2.78*10 0.948 10°
4.1868%10° 10 cal 1.163%10° 397*10*

3.6 8.60*10™ 10° Wh 3.412 10°
1.055%107 2.5%107 0.293*10° 1

Stpdwjhu - hwadtyzhep® |hutiing  Eubpgbunhy
hwdtyonh Ewywu Jwup, ogunnwywn gnpshp E
26Uph wpunwphU wwwnnn Ynuunpniyghwubnph
Jhony EutGpghwjh Ynpniunubpp wwpquwpwlt-
(L hwdwp: 2GpJwjhu hwytyzhnp gniyg £ nw-
Lhu 26Upnud gbnpdwjhu EuGpghwjh dnwnpbpp L
Gipetnp: Wn hwodGyohnh wnywjnie)nlul og-
unwd £ hwywuwnmhwUwint, np 26upnud ogunw-
gnpéynn etpdwjhu Eubpghwjh JwuhU @hown
wwuwnybpwgnud £ Jwagdwé: tpdwihu Eukp-
ahwjh Jniinptbpp W Gptpp 2Gupnud wbwp E
«untjup» hutu: Unwinpwjhu hhduwlwu gGpdw-
jphu  EuGpghwl, pUwlwUwpwp, wu ebpdnt-
pINLUU E, npu wUuhpwdtwn £ lnwpwoéph gbnnLg-
Jwu, onnpwydwl W wnwp 9oph unwgdwlu hw-
dwn: QnpSlwywunwd nw Lpwlwynwd E YEU-
nnpnuwlwu genpdwjhb Ywjwuhg, |njw| Ywpuw-
jwinuhg Ywd wuhwwnwlywl Ywruwihg unwg-
ynn etpdnipjwl pwlwynipintup W gtnnigdwl
Uwywwwyny ogunwagnpdynn EEYinpwtlEpghw-
|h pwlwyntp)nLup:

UWyuhwjwn E, np 26UphU Jwwnwywnpwpywé EjEYn-
pwtlbpghwu Unyuwtbu Untinpwjhu EuGpghw E,
pwuh np nLuwydnpdwU W wy| uwppwynpnidutnh
hwdwp ogunwagnnéynn ElGYnpwEuGpghwu Jw-
uwdp 9bpdnipjwl £ yGpwéynid: Stupnid ww-
nnn W w2puwwnnnn dwnpnhy unyuwtu eEpdnienil
GU wpéwynwd: Uplhg wwuwnithwulbph Jheny
stpdnipnitl £ UGppwhwlugnd 2EUp: Lwy w)-
fuwwnnn wnwwpdwlu hwdwlwnpg nlubgnn
2tupnid wjn wqwuwn eEpdwjhU wnpjnLputpp Yw-
npnn BU |pwgub] wuhpwdtw gtnuniejwl pwlw-
ynrpjwlu qquih dwup:

Glpwjhu EuGpghwUu eEpdwjhU Ynpniuwnubpu Bu
wwuwnnthwuutphg, wwwbphg W 26Uph wpunw-
phu wwuwnnn Ynuuwnnpniyghwubph wyp Jwubphg,
huswtu Lwl onwihnudwUu hwdwywpghg wn-
tnwubwnynn etpdniejntlt nu uGpphU  onh
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per year etc.); in residential buildings water
consumption is mostly specified by using
water consumption in liters per occupant per
day.

These specific numbers can be easily calcu-
lated if energy and heat meters are installed
and read regularly."’

When comparing building characteristics it is
essential to convert specific numbers into
the same units.

Technical documents
When a thorough auditing project is carried

out, technical documents should be availa-
ble (Figure 6).

Plan drawings of
a building
Section drawings
of the building
envelope
Schema of the he-
ating system
Schema of the
ventilation system
Schema of the do-
mestic water sys-
tem

Schema of the
electricaland auto-
mationsystems
Schema of the
boilerhouse
Specifications  of
main equipment
and devices in dif-
ferentsystems

Ctuph hwwnwywahoép

CGuph  wpuwphU  Ynluu-
npniyghwutph  Yupdwop-
utiph qbéwanptipp
Qtnnigdwl  hwdwlwnpgh
upuGdwl

OnwthnudwU hwdwlwnpgh
upuGdwl

LtpphUu gpwdwwnwywpwn-
JwUu hwdwlwnpgh upuGdwl

ElGyunpwywlu L wynndw-
nmwgywé  hwdwlwngbph
upuGdwl

Ywpuwjwwnwl uputGdwlu

Swpptp hwdwywnpgbpnud
anpénn hhduwywU uwppw-
JnpnuduGph W uwppbph
nGhuuhywlywl Jwulwant-
np

Technical building documents give basic in-
formation on the building being audited. The
building’s construction design, for instance,
helps to estimate the area of walls, windows,
doors and other parts of the building enve-

lope. The technical

building documents

wpunwhnupp: AUwlywUwpwp, Ynjnnnt funnn-
Jwyutpnd wpunwubwndnn enipp ungywbu ebp-
dnipynil £ wywnpnibwyned:

PUunpn2hg mGuwlwpwp gnigwuputp

Ctupnud EuGpghwjh uywnndp hwdGdwwnbhu
ywd punipwagptihu ogunwlwp £ &dGnph wnwy
punpn2hg/nGuwlwpwp gnigwuputp nluGUw:
Unynpwpwp oguwaghnpdynn punpnhs/inGuw-
Jwpwp gnigwuhputpp hGnjwiu GU* eEpdw)hu,
ElGyunpwywl  EuGpghwh W 9ph  wnwpGlywl
uwwnnudp pun 2tUph JwybpGuh wd dwywih
(Y4dwnd/Pinwph Ywd Ydind/dPnwph W thnp/u®
tnwph Ywd (hnp/Birwph Wowyl): Ruwytih
otuptpnud oph uwwnnudp unynpwpwn punt-
pwanyntd £ punn JBY puwysh Yynnuhg opwlywl
ogunwagnhnpdywé oph pwuwynipjwl® thinptpny:

Uju punpn2hg/nGuwyuwnpwn gnigwuhubp Yuw-
nGh £ hGynniejwdp hwodwnytbl, Get ElGYwnpw-
ywlu b gGpdwjhb EuGpghwyh hw2yphsutp Gu nb-
nuwnnpywé W npwug gnigdniupubpp Ywunuwynp
wpadwlwagnpynid U™

Ctuptnph punipwanptpp hwdGdwwnblhu 2wwn
wplnp £ punpn2hg/nmBuwlwpwn gnigwuhy-
ubpu wpunwhwjnt] swhh Jhuungu Jhwynput-
nny:

SEjuuhjuwlwl hwuwmwpnpbp

Rwdwwwpthwy  wninhn hpwlwlwgubihu

inGhuuhywywl thwunwpenrtpp wtwnp £ dhownn
LhuGU 46nph tnwy (LY. 6):

¢tuph wmGhubhywywlu thwunwpenrbnp hhduw-
ywl ntbntEywwyniejntl GU npwdwnpnud wnt-
nhnh Gupwnyynn 26Uph Jwuhl: Chuwpwpw-
ywu Uwpiwasdtpu, ophuwy* ognnwagnnpéynid Gl
wnpwunwphu wywwnbph, ywwnihwuutph, nnutph
W 2GUph wpunwphU wywwnnn Ynuunpniyghwlt-
nh wjp Jwubph dJwybptuubph hwodwpydwl
dwdwuwy: Ywlp wpnwphlt wywwnn Ynuuwn-
nniyghwutiph, pwnwnphgutph pepqwé gtipdw-
thnhuwluguwl wpdtpubpp [U-wnpdtp (Mwn/(U? °C)
L R-wpdtp (U* °C/dwn )] hwaqwpytint hwdwn
intnbyniejntlutp G Wwnpnuwynd (Unnneg 5):

Qtnnigdwl, onwthnpudwl, onnpwydwl hwJdw-
ywnpgbph wnGhuuhywlwu upuGdwutpp Ywnplnp
GU hwpdwpwytGunnipjwl dwywpnwyh hbwpw-
dnp 26nnudutpp b 2whwagnpédwl pEpnip)nLu-

ubpp hwulywuwnt hwdwn:

" This is normal practice, for instance, in the Nordic Countries. In Armenia, electricity, natural gas and water in multi-tenant buildings are
measured at the apartment level; in cases with centralized heating (mainly a local boiler house for one or a group of buildings), ultrasonic
heat meters at the apartment or building level (plus allocators on each radiator) are applied.

Uw, ophuwy, ujwunhuwyjwu Gpypubpnd unynpwywl gnpédbiwybpw E: GnpsUwywuncd, Iwjwunwuncd EGYwnpwEutpghwgh, puw-
Jwu qwah W oph hwpqwnnidp pwqUwplwlwpwl 2EUuptpnd Yuwnwnpynwd £ puwlwpwuph dwywpnwyny: YsEuinpnuwgywéd gstinnig-
Jwl (hhduwywunwd J&Yy Ywd Jh pwuh 26UpEp uywuwnynn Ywpruwjwwnil) nGwpnd  pUlwlwpwlh Ywd 26Uph Jwywpnwyny
nipinpwéwjuwihu gEpdwihu hwayhsubn W jnipuwpwUgnip nwnhwwnnph ypw inGnwnpywé winyuwwmnputbp GU Yhpwnyned:
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include information on design structures of
envelope components, which are necessary
when overall thermal values [U-Value (W/
(m? °C) and R-Value (m? °C/W)] for envelope
components are calculated (Module 5). The
technical schemas of a building’s HVAC sys-
tems are significant for understanding pos-
sible deviations from required comfort levels
and shortcomings in operation.

However, one should use these documents
with caution, as they show what was de-
signed - not necessarily what was built. This
is especially true for buildings where the real
performance of the buildings may be differ-
ent from that indicated by the design docu-
ments.

Interviewing technical staff and building oc-
cupants

The occupants of a building being audited
are a valuable resource for finding out de-
fects in the building, especially for problems
with thermal comfort and indoor air quality.
In residential buildings, for instance, flats or
apartments to be studied should be chosen
from different parts of the building. For ex-
ample, some should be on the facade side,
some on the ground floor, and on some on
the highest floor, etc. Based on information
from building users from these flats, an ex-
perienced auditor can get a good view of the
conditions in the building. Normally, in resi-
dential buildings, it is enough if 10-20% of
occupants (i.e. 10-20% of flats) are inter-
viewed.

Note: Mostly, it is wise to combine interviews
and measuring activities.

Often the energy auditor can identify chang-
es that building staff can implement imme-
diately; building staff can also share their
perspectives on building conditions in the
context of the physical review of equipment
and systems.

Measurements

The opinions of occupants on thermal comfort
and indoor air quality are valuable. However,
they should be supported by measurements
because thermal comfort and air quality are,
to some extent, personal opinions and may
change over the course of time. "2

Wjunthwuntpéd, wjn thwuwnwenrtpu oguwanp-
6GLhu whwp £ niwnhp (hUG], pwuh np npwup
unynpwpwn  JGpwpbpnud B bwhiwgéwhu
thnethu: Uw hwnwwbu Yuwplnp £ wju nbw-
pnd, Gpp 26UpGph hpwywl punipwantpp Yuw-
nnigdwl  thnynd 26Nyt BU LUwhiwgéwjhu
thwuwnwenrtpnid Upywéd gnigwlhoubphg:

Rwpgwgpntjg mEuuhjuywu wudbwywquh b
26upp qpwntgunnubph/puwyhsutph htwn

Untnhinh Bupwnyynn gwuwgwd p6uph plw-
yhgubpp 2GUph pGpnipynLUUGPpD hwjnUwpbnt-
[t wndtGpwynp wnpjnp GU, hwnjwwbu® Gpp
funupp eEpdwjhu hwpdwnpwyGwnniejwu W ubp-
up onh npwyh htwn Yuwwywd puunhputiph Jw-
uhu E:

Get nuunuwJUwuhpniejwU/hwpgdwl  hwdwp
punpywdé puwywpwulbpp gnuynid GU 2EUph
mwppbp punpn2hs Jwubpnud, ophuwy’ dwyw-
wnwjhu Jwunwd, wnwehu W yGpghu hwpytpnud
UL wju, wwyw thnpddwé wnnhinnpp Ywnpnn t
2tuph  Jphtwyh dJdwupl wy wwwnybpwgnid
ywaqubl: Ruwyth 26UpGnnLd, unynpwpwn, pw-
Jwywl E hwpgwanpntyg wuglwgutb| puwyhsub-
nh 10-20%-h (puwywnpwulutph 10-20%) hEwn:

Swunpnipjnib. FLwlwbwpwp fuiwdhwn Yhuhp
hwdwuwntnk] hwpgwgqpniygp U swhnidubpp:

Rwbwh huwpwynp E, np EuGpgbuinhy wninh-
nnpu wjuwhuph thnthnpunipyntllGn wnwewnyh,
npnup 26Uph uwywuwpynn wldluwlwqup Yuw-
pnn £ hpwywlwgut, wudhgwwbu: Swhwanp-
6nn wudbwlwqup Unyuwtu Ywpnn £ 2GUpwjhu
wwjdwlubph yGpwpbtpw] wnGuwybn hwjnlt]
uwnpwynpnidutph b hwdwywpgbph $hghyuw-
Jwl hGnwagnunniejwl hwdwwnbpunnid:

Quwithnidubp

Qtnpdwjhu hwpdwpwybwnnipjwlu W uGputUjw-
Yuijhu onh npwyh JwuhU puwyhgutinh Ywnéhp-
ubpu wpdtpwynp Gu, uwlywju npwup wbwp E
hhduwynnpytu swihnudutpny, pwuh np gGpdwjhu
hwpJdwpwytbunnipjwl W onh npwyh Jwuphl Yunp-
Shpubpp npn2wyh wnnudnd wuduwywl GU W Yw-
nnn 5U dwdwlwyh pupwgpntd thnthntuyby: 2

Grt pwqUwplwlwpwu 26Upnd 10-20% plUw-
Jwpwuutnpu punpydt) GU puntgwanpwywlu Jwub-
nnid, www uwwnwnynn swthnuduGph wpnniup-
utnp Unyuwtu dhown Yubpywjwgubu 2GUph hpw-
ywl punhwuncp wwuwnytpp:

2 f the prevailing opinion among the occupants is that the flats are too cold and the temperature measurements indicate that the indoor
temperatures are 16-18 °C, then the auditor can be sure that cold is a real problem. In residential and office buildings, an indoor air tem-
perature of 21-23 °C is seen as favourable during the heating season. For manual work in industrial buildings, 15°C may be favourable.
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If 10-20% of apartments in multi-tenant
buildings are chosen representatively, then
measurements cover an audited building
well. In other types of buildings, the auditor
should use other grounds for his/her choice;
however, the weak points are often the
same as in residential buildings.

Systematic measurements will give a general
overview of the thermal conditions in a build-
ing. It is important to plan measurement and
additional data gathering carefully. Here are
some basic tips to avoid wasting time and ef-
fort during the measurement process (Figure
7).

NOTE: A good energy auditor is more or
less a detective who harbours natural doubt
and healthy skepticism of all information

U Lywlwynipjwu 26LUptpnud swithdwl hwdwp
pUnLewanh¢ Ytntnh puinpnipniup Ywpnn £ Huw-
wnwnpybp wyp uygpniupubphg GuGiny, uwyuwju
26Uph, ey YGntpp hwbdwh Unyuu GU, hus puw-
UGLh 2GUpGNH nEwpnLU:

Uhunbdwuwnhy swihnuduGpu punhwunip wywn-
yGpwgnud GU twhu 26Upnd wnyw gEpdwdw-
tnwywpwnpdwl ywjdwuutph W 26Uph stpdwjhlu
ww2unwwuntejwl dwuhl: Ywnpwnp E hunnwy
Wlwlwynpby sgwihnwdubph W (pwgnighg nyjwi-
utph hwywpwagpdwu gnpépurpwgp: Uhw Uh pw-
Uh hhduwywUu punphnipn, npnup YoqUBU jw-
thnudutGp hpwywlwgubihu funtuwtht] dwdw-
LUwy Wwewuptp Juwuwnubinig UY.7):

OSwunpnipjnitb. Lwy Eubpgbwnhy wniphnnpp

npn2 swihny hGwnwtunyq E, ng wkwp £ Uh phg
Juwuywéh unwgwé mbntynipjwlp:

provided.

Measurement systems should be easy to
use and provide information at the accuracy
needed, not the accuracy that is technically
possible;

Measurement equipment can be inexpen-
sive (flow, in some cases, can be rated us-
ing a bucket and stopwatch);

The quality of data must be such that the cor-
rect conclusions are drawn;

The frequency of data collection should ac-
count for process variations;

Measurement exercises should be run over
abnormal workload periods (such as startup
and shutdowns);

Design values can be taken where meas-
urements are difficult (e.g. heat losses in
heat exchanger, etc.).

An auditor should always follow these gold-
and data-gathering

en site-assessment
rules:

Qwithwagnpdwl hwdwlwpgbpp wEwp £ ogunwgnpédwl
hwdwp njnLphu |huGEU W wnyjwuGph wjbwhuh 82gnpnniEjwl
nwu wwwhnytU, npu wuhpwdtown E, wy| ng RG*
nGhuuhjwwbtu huwpwynp E,

LYwpnn U Yhpwnyb bwl Wwpg U Edwl swithhg Uhgngutp
(hnupp, ophuwy, npn2 nGwptpnLd Yunbih £ swihG nngth W
Juwjnyjwlwgwihh dhgngndy),

Syjwiutnph npwyp wtwp £ wjuwhuhu huh, np pwydwpwnh
6hown GgpwlwgntejntuutGph hwdwp,

Uwhdwub] mJjwjutph wpdwuwgpdwl wjuwhuh
hwawhiwywuntenil, np pwywpwn £ ncunctduwuhnynn
thnthnpuwwl wypngbup hwuywlwnt hwdwnp,

Qwithnidubp Ywwnwpb bwl ng Unpdw| w2huwwnwlpw)jhu
nGdhUubph wwjdwultnpnid (ophUwy' pnnupydwlu b
wlswwndwl dwdwluwy),

Lwhiwagdwjhu wnpdbGputph ogunnwanpénidp pnwwnnbih E,
Grb swihnidutp uwnwpGp nddwp £ (oppuwy’
sEpdwihnpuwuwysh eEpdwjhu Ynpniunutp b wyil):

Untnhwinnpp wbwp £ dhowin hGnwdniin (hup nb-
nnd guwhwwndwUu hpwlywlwgdwu b nyjwiut-
nh hwywpwagpdwUu punhwuncp Ywunupl.

Grb puwyhsubph gbpwyznnn Yuwndhpl wjl E, np puwlwpwUUtGpp 2w gnipn GU W gGpdwunhdwuh swihnwdubpp gniyg BU twihu 16-
18°C, www wninhnnpp wpnn £ hwdngywé |huky, np gnipnb hujwwbu fuunhp £ Ruwybih W gpuutljwywghl ptUptpnud gknnigdwl
ongwunid Ubpuh onh 21-23°C ghpdwuwnh6wlp hwdwnpynd E hwpdwpwybn:  Upnwnpulywl  nwpwdplutpnud - $hghyulywu
w2luwwnwlpny qpwnytint hwdwp Yupnn £ hwupdwpwybn hwdwpytp unn +15°C-p:
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DO NOT ESTIMATE WHEN YOU CAN
CALCULATE

DO NOT CALCULATE WHEN YOU CAN
MEASURE

At the conclusion of a site assessment, an
exit meeting may be held between the ener-
gy auditor and key building staff to discuss
the preliminary findings, recommendations
and feasibility of EEM implementation. This
will help focus the next step of the process-
data analysis.

Data analysis

The auditor should review, evaluate and an-
alyze all gathered information, then formu-
late preliminary findings and conclusions,
and identify opportunities.’

In order to understand how energy is used at
a facility and which factors affect consump-
tion the most, it is recommended that the
auditor organize energy data into a presen-
tation that includes graphs, tables and pie
charts. These make it easier to understand
how each building uses energy, and to spot
energy-saving trends.

Presented visually, information is more ap-
pealing and easier to understand than in a
text-only format.

Energy-analysis methodologies vary widely.
The project goals should inform the analysis
methodology selected to avoid results that
yield too much or too little detail.

Cost analysis considers base energy costs
and measures investment or implementation
costs and potential savings over time, which
helps to determine the practicality and priori-
ty of EEM recommendations.

A facility owner should understand and pro-
vide the financial method (simple pay back,
net present value (NPV), internal rate of re-
turn (IRR), etc.) that the energy auditor will
use to determine the order of EEM imple-
mentation. Core concepts and tools for basic
financial analysis of a building’s energy

Ub QuU3Ushr, 6rE 4Uurnt U
UCHUrybL:

Ub 3Ucdurupr, 666 4Urn1 U
2UPUQrEL:

Stnnud guwhwwnnid Yuwwnwnbint wjwnpunwywu
thniyind  LwpulwywUu - Ggpwlwgniejntulbpp,
wnwewnpynrpntulbpp L EUU hpwlywlwgdwl
huwpwynpnipjntlutGpp pulwpybGint bwywwnw-
Uny Ywnbih £ EuGpgGunhy wnihwnnph L 26Uph
wnwlugpwjhu wuduwywquh Jwulwygnipjwdp
hwdwwbn funphpnwuwnynipintu hpwyhptp: Uw
Yoquh nLpwnpnintlu  ninnbp gnpépupwgh
hwenpn pwjih® ndjwiutiph ytppniéncejwl Ypw:

Syjwutph yEpnLdnipeniu

Uncnhunnpp nhinwpyned, quwhwunnud W yGppnt-
onud £ hwywpwagpywéd nne wnbntlwwnynip)nt-
Up, dbwybGpwnud bwhubwywu wpnjnituputbpu no
GgpwywgnipnLtuutpp, h hwjwn pGpnud hpwyw-
LwgJdwl huwpwynpniejniltpp: ™

OpjGYywnnud EuGpghwjh oguwagnpénudp wywwn-
yGpwgutbint b EuGpgwuwwndwu Ypw wdb-
LUwEwlywl wqgnbgnipintul ntukgnn gnpénulutnp
h hwjn pGpGint hwdwp tunphnepn £ npynud
EutpgGunhy ndjwltpp ywgquwybpwt wjtuwbu,
np npwup UGpYwjwgytl gpwdhlubph, wnnt-
uwyubph W géwlywpubph wGupny, npnup
yhtounwgubu hwulywlwy 2EUpnid EuEpghwjh
ogwnnwgnpédwl wpngtulutpp, wbulb] Eubp-
gwhlwjnnnipjwu Jhinndutnp:

Mwuwnytpwynn dhgngubpny UbEpywjwgwé nk-
nGywwnynipntbt wdth gpwyhs £ L wyblh
htoin £ hwuywlw], pwl Jdhwju wnGpuwnwihl
dLwgwihny uGpywjwgywén:

EuGpgbwnhy JGpinuénipjwl  JGennubpp 2w
pwaUwquwl Gu: Spwagph Uywwnwyutpp wewnp
E hnptUu JGpinwénigjwl  JEpnnwpwlnipjwl
puwnpnipiniup, npwGugh hbwpwynp |hup funt-
uwthtl wjlwhuh wpnynitupltnhg, npnup ¢wihhg
cwwn wybGlh Ywd wywlwu dwupwdwuubp Gu
wwnpniuwyned:

dhuwluwywl JGpnuénigjwl dwdwuwy nh-
wnwpyynud BU EuGpghwjh pwqwjhu Swhuubpp,
Jhgngwnnidubnh hpwwluwgdwlu hwdwnp wuh-
pwdtown ubpnpnudubpp Ywd hpwywlwgdwl

3 With the possibility of using computer simulations, auditors are arriving at more accurate results regarding the amounts of energy used
in - and lost from — the building envelope, equipment and systems, as well as estimates and sensitivity analyses of investments and
savings expected as a result of the application of EEM packages.

Rwdwlwngswihtu - UnnbGiwdnpdwu oguntpjwUp wninhninpp  Ywpnn £ 26Uph  wpwwphl  wwwnn  Ynbuwnpniyghwubph,
uwppwynpnidubph W hwdwywpgbph Ynnuhg uywnwé Eubpghwih W Ynpnunmlbph Jwuhb wybih 62gphin indjuiubp ncublwg,
huswbu Lwl hwpwnpyt, W Yuwwwptb qgujniunctpjwl ybpnwdneintt EUU twpptp  thwpbreUbph Ubpnpnudubph W uwwuynn
hulwynnnie)nLtuutph:
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efficiency and renewable energy invest-
ments are discussed in Module 10.

Accurate installation cost data for an EEM
package is critical for financial analysis. Un-
derestimating costs could result in inade-
quate budgeting for energy-efficiency im-
provements; overestimating costs may
cause facility decision makers to delay or
deny an improvement project. The energy
auditor should gather and measure installa-
tion costs from a “sample of vendors”. Costs
should include any specific considerations
for the particular facility.

Using this analysis, the energy auditor de-
velops a list of recommended EEMs and
generates savings estimates. The energy
auditor then composes the EEM package
and prioritizes the list of practical measures.

Installing EEMs may also affect a building’s
current and future operations. Aspects that
should be considered when analyzing poten-
tial EEMs include:

e Operations and maintenance (O&M):
Does the facility have the staff to ensure
savings from the energy-efficiency retro-
fit over time? Will the measure have a
positive or negative effect on O&M
costs?

e Comfort: Will the measure result in in-
creased human comfort (and potentially
lead to fewer maintenance calls)?

e |Improved system reliability: Will the
measure lead to lower contractor costs?

e Feasibility of system replacement: Are
parts easily replaceable? Will installed
technology be outdated in the near fu-
ture?

e Ease of implementation: How will instal-
lation of the measure affect daily busi-
ness operations? Are power outages re-
quired? Can the facility stay open during
installation?

e Risk of failure: What are the operational,
financial and safety impacts if the system
fails?

Documentation of analysis methodology,
assumptions and supporting calculations
should all be included with the savings esti-
mates presented by the audit report.

hwdwp wuhpwdtwn Swhuubpp W dwdwlwyh
pupwgpntd wlupuwwnBuynn wynuntughw| pulw-
jnnntjntllGnp:

JdGpinuoniejwu wpnyniupnud npnpgnud £ EUU
wnwwnynrejntlubnh  hpwywuwgdwl gnpé-
LUwlywl huwpwynpnipyntuutpp L wnwelbwhbp-
rpnLEinLup:

Ywnplnp E, np opjGYwnh ubthwywuwwnbtpp hwu-
Jwlw b wnwewnpyh wju $huwlbuwywu dGpnnp
[Wwng hGwngunwd, gnun pEpwéd wpdbp (2RY),
UGpphu Jwhnipwpbpnipjwu unpd (LCL) L
wjlu], npu EuGpgbwnhy wninhunnpp Yhpwnbine £
EUU-uGph  hpwwuwgdwl wnwebwhbprUnt-
rInLtup npn2GiNL hwdwp: Shuwluwywu yeppnt-
onpjwl Jbennutpp, ptupbph EuEpquwnnynt-
LUwytbunnipjwl W yGpwywuquynn EuGpgbunhlyw-
Ih ninpwnuGpnud UGpnpnuduGphu wnugynn hhu-
Lwlywl $huwluwywl yLtpndnipjwl wnwlg-
pwjhU hwulwgnipyniulutpp LW gnpéhpubinp pu-
Uwnyyned U Unnni 10-nLU:

dhuwluwywl depinwdniejul dwdwluwy EUU-
utGph  ppwywlwgdwl hwdwp wUhpwdtiwn
Swhuubph Gownnipyntlp fwywlu Lpwlwynip)nll
nLuh: Swhuubph pGpwqUwhwunnudp Yhwugbg-
Uh EuGpqwwnprnynibwydbwnnigjwu pwnpbiwuyned-
ubph ng hwdwpdtp dhuwluwynpdwl, huy
uGpnpnudubph  gbpwglwhwwnndp  wpnn E
wwwéwn hwunhuwuw] dpwapwjhu pwpbihn-
funtduGph $huwluwynpdwu yGpwpbpjwg npn-
2nud JuwjwgunnutGph ynnudhg wju hGwnwagbint
ywd Jdepdtint hwdwn:

EuGpgGnhy wninhnnpp wbwp £ «dwnwlyw-
pwputph udnwuGph» hhdwlu Yypw wnbnGynt-
pjnLtULUGN aGnp pbph Jhgngwnnidubph hpw-
jwugdwl éwhuutph yGpwpbpwp bW wyn dwfu-
utpp wbwp £ UGpwnBU nyjw| opjGYnhL wnl;-
ynn gwuywgwé wnwubdlbwhwwnynipenLu:

Uju yepiniénipjwu Jdhengny EuGpgGunhy wninh-
wnnpp EUU wnwowpynipintutGph gwuy £ Jyw-
ynd W ppuwynnnie)ntuutph hw2dwny Yuauned:
Eutpgtunhy wninhnnpu wjunthGunle yuwagunid £
gnpSLUwlywl EWU-UGPh hwpebrp L wnwelwhbp-
rnLrjwl gwlynp:

EUWU-utph ppwywlwgnudp Ywpnn £ wqgnb bwl
2tuph pupwghy L hGwnwqw 2whwgnpddwl
Jpw: Mnunbughw| EUU-UGph  JGppniéniejwl
dwdwluwly wuhpwdtwn £t hwpdh wnlub] Lwl
hGunlyw| hwpgbpp.

e Cwhwanpénudp U wwhwwunwdp (& L M).
Upnjnp opjGyunnnd Yw® hwdwwwwnwuhiwu
wluduwlwad, npp Yuwpnn £ dwdwluwyh pu-
pwgpntd  hGunwnnwywunptl  wwwhnyby
FuGpquuwpnnibwyGunniejwl wpnhwywlw-
gnudhg uwwuydblhp pubwjnnnipintlltpp, W
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Energy audit reporting format

During an energy audit, a lot of technical
documents and other information are re-
viewed, measurements made, people inter-
viewed, etc. What, then, should be reported
from the energy audit? Of course, well-
reported energy savings and EEM proposals
are very important; however, information on
the grounds and other facts on which these
proposals are based is, to some extent, val-
uable. The reporting practice will depend on
the auditor.™

An energy auditor's main deliverable for an
energy audit is the final report. Any audit
report should provide enough information to
allow a facility’s owners to make informed
decisions about the next steps to take to
meet energy-saving and financial goals. A
general audit report should include an inven-
tory of existing equipment, a summary of a
building’s current conditions and energy use,
and a list of recommended no-cost, low-cost,
and longer-term EEM recommendations
based on the analysis of historical energy use
and on-site assessment. The scope of audit
report levels is shown below in Figure 8.

NOTE: A good audit report is also a good
advertisement for the auditor.

Energy audit reports may differ depending
on the scope, type of building, general out-
look, and structure. The level of energy au-
diting has an effect on the depth and
breadth of a report’s content.

wnrynp Jhgngwnnidutpp npwywl ywd pw-
gwuwywu wqgntgntejntt U ntuELwint C L
M Swhuubph Yypw:

e Swpdwpwdbwnipinitup. Upnnp  Jhengw-
nnidutGph wpryniupnud wyGiwuwine £ hwn-
Jwpwybunnipjwl dwywpnwyp (L hbwpw-
yn°n £ hwugbguh nbhuuwywuwpydwu Ywu-
sGnh pwuwyh bjwgbguwup):

o Swdwlywnah hntuwihnieiwl pwpGiuwyncdp.
Upnjnp dhgngwnnidutph wpnyntupnud uyw-
gbnL BU ywwwwnnith Swhuubpp:

e Swdwywpagh thnpuwphudwlu hpwanpdbih-
nieintup. Upnnp wwhGunwdwubpp hto-
wnnipjwdp BU thnpuwppudned, wprnynp wnb-
nwywjywsé uwppbpp Jdnin  wwwagwjnud
huwuwnt Gu:

o hpwlwuwgdwlu Jwwnsbihnipiniupn. huswtGu
GU hpwywuwgynn Jhgngwnnidubpp (uwn-
pwynpnidutph inGnwnpnudp) wqnbnt wn-
onjw whuwwnwupltph ypw: Upnnp wu-
hpwdtown Yhup® wlpwwnb EGYnpwElGn-
aghwl: Ywpnn E wnbGnwywdwl wphuw-
wnwluplubph pupwgpnid opjGlynp 2wpnilw-
Y&l hp gnpéniLutnipenilp:

e hwhwudwlu rhuln. buswyhup® Yyhup hw-
Jwywpgh uwthwudwl wagnbgnie)nitup 2w-
hwgnpédwl, $huwluwywl U wlywnwl-
gnipjwl hpwyhdwyh ypw:

Eutpgtunhy wninhinh hwodbwndnipjwdp Ubn-
ywjwgynn tEuGpgwpilwjnnnipjwlu  ubpnidh
guwhwwwywup wbwp E hhduwynpwsd [huh
hwodJwpyutpnd, wju wtwp £t UGpwnh ybnpne-
Swywl JGpnnutph, Gupwnpnientllutph LYw-
pwanntenLup:

EuGpgbwnhy wninhinh pupwgpnid UGdwpwuwly
nGhuhywywl thwunwpenrtn W wjp ntntynt-
rintutp GU nhunwpyynid, Yuwwnwnpynud Bu sw-
thnidubp, Jwpnywug hGwn hwpgwagpnigutp Gu
wugywgynid W wyu:

EutpgbwnhYy wninhnp hwaybnynipjwl dLwswhp

huy EuGpgGnhy wninhinh wpnyniupnid hUg hwoyGunynipniu £ uEpywjwgynid: hhwpyt, wdt-
Uwlywplwnpp EuGpgwulwinnnipjwu W EUU wnwownynientuutph thwpdtp uGpywjwgnidu E,
uwlwju thwuwnbpny hphduwynpwd wnbnGynieinitlutpnp, npnup wjn wnwownynieintUuGnh

' If we want to promote the development of auditing services, it is not wise to give very strict orders or advice on what an audit report
should include and how it should look. If all auditors develop their own reporting, this will contribute to the development and proliferation
of “energy audit” products. While it is favorable to have competition among auditors, it is good to give some good, broader ideas to help
them get started.

Grbt gwuynipynl Yw Uwwuwnb] wninhnnpwlwl Swnwjnieintbubph qupgwgdwup, www huGwdhwn skn (huh wninphnnpwywu
hwpybunynipjwl pnjwunwynigjwl W duh JGpwpbpjwp nplt fupuin hpwhwug Ywd punphnipn nwp: St pninp wnuinhwnnputpp
dowytu hwpybungnipjwlu hptug nipnyl dbwswihp, wwyw npwuny Yuwuwywhnybl bwl wjn «Eubpgbunhy wninhwny Yngynn wnunw-
npwuph qupgugnidp: QUwjwé wjt pwUuhl, np wninhnnpubph Jhple Upgwiygnieiniup ogunwlwn £, wynnithwuntpa, (wy gunwthwn-
ukp hnepbp Unyuwbu wuhpwdtoun E:
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hhdpUu GU, Unyuwbu wyn hwyGnynipjwlu Ubp npnpwyh wpdtp Bu UEpYwjwgunid: Iwybn-
Untejntlltpp unynpwpwn Ywquynid U puin wintnhinnph hwjbgnnniejwl:' Eubpgbunhy wninh-
innph ynnuhg hpwlwluwgywd wninhinh dEppuwwl wpunwnpwupp hw2dbnygnieniuu £ Unt-
nhunh gwuywgwd hwpytnygnieintu whbwnp £ pwywpwp nbnGynieintlutp wwnpnuwyh, npu op-
|1GYinh uGthwwuwuwnbptphu huwpwynnpniejntu Yunnw EuGpghwjh fubuwynnnieinibutph bW $huwl-
uwywl Lwywwnwyubphu hwulbine hwenpn pwjtph Jwuhu nGnGywgywdé npnanudubp Yujwg-
Ut Cunhwunip wndwdp 26Uph EuGpgGnhy wninhnh hwybnynipniup pwnywgwéd £ 2GUph
uGpywjhu yhdwyh, oginwagnpdynn tubpghwih W wnyw uwppwynpnidubph wdthnth bywpwgq-
nnipintuhg, wnwewnyynn' wnwug dwhuubph, phs Swhiuwwnwn W Gpwpwdwdytn EUU wnw-
swnyntejnLuutpnh gwuyhg, npp hhuuywé £ nhinwnpyywéd dwdwlwlw2powlunid uywnynn Eutp-
ghwjh b mGnnd Juwunwpywd guwhwwnwywulubph yepnénipjwu ypw: LY. 8-nwd uinnple ubp-
Yuwjwgywé U wninhinh hwyGnynipjwl swwjutpp mwpptp Jwwpnwyubph nGwpned:

Swunpnipjnil. Lwy wninhnh hwytwnynipjnitub wninphnnpph hwdwp bwb jwy gnywaqnh dheng k:

EutpgGunhy wninhinh hwytnynip)niuutpp' Ywhudwéd 26uph inGuwyhg, swihtphg, punhwunwp
dninbgnudhg W Ywnnigywéphg, Ywnpnn U tnwpptp [hut: EuGpgGnhy wnuinhunh wugyuwgdwu
dwywnpnwyhg £ ywhjwé hwpytnynipjwlu pnwlnwyniejwl funpnipyntll n dwywp:

Executive Summary

Brief facility/ies descripti-
on

Scope of audit/methodo-
logy

Preliminary analysis find-
ings, including bench-
mark and end-use res-
ults

List of no-cost and low-
cost EEMs

Potential measures for
further consideration

All items from the preliminary audit
More comprehensive energy end-use analysis

Description of building envelope, systems and major
equipment

Description of EEMs considered and not recommended
or not financially viable

Description of EEMs recommended
Financial analysis of EEMs

EEMs summary: table with measurement name, descrip-
tion, investment cost, energy savings and economy (see
below)

O&M savings
Detailed energy analysis, calculations

Measurement and verification (M&V) plan for verifying
energy savings

All items from the general
audit

Detailed information on
capital-intensive measures -
including schematics, equip-
ment lists, equipment speci-
fications, design sequences
and costs

Risk analysis

Highly detailed financial eva-
luation

Lwpbwlwl Cunhwuntp LEpnpnedwjhu

hwdwnnwn wyuwny

op)GEywnh wdthnth
Uywpwapnip)nLu

wnLnhwnh puu-
nhputpp/UGennwpwunt-
ejnLUp

LUwhibwywu yGniniént-
pjwl wpnynLuputn, UGp-
wnjw] hwutdwwnwywu
JGppnionee)niup W yGpe-
LUwlywUu uywndwl wp-
njnLuputipnp

wnwug dwhuubph W phs
Swhiuwwnwp EUU gwuy

hGnmwagw nhinwnpydwu
GUupwlw wnwBughw|
dhgngwnnidutn

UwhbwywUu wninhwnh pninp YenEpp
EuEpghw)jh yepplwwl uwwndwu wybih hwdwwwn-
thwy yGppneénie)nil

26Uph wpnwphu wwwnnn Yynuunpniyghwutph, hwdw-
Juwpqgbph L hhvbwwu uwppwynpnedubph Uywpwapnt-
BJnLu

Wu EUU-UGnh UWwpwapnipyniup, npnup nhinwpyytp Gu,

uwluwjb ¢6U wnwewnyybp ywd huwluwwbu Yeuuntuwy

s6U
wnwownpyywé EWU-ubph Uywpwagpnieniu
EUU-UEph $huwluwywl yEpniénp)nLu

EUU-UEph wdthnth wnyniuwy, npu pungpynid £ Jhgngwin-
Jwl wuywuncdp, Uywpwagpnipjniup, Upnpdwl wpdGpp,

EuEpgqwhilwynnnip)niup, nunGuwywl hwaqwpy

¢ b M-hg unwgynn pubwjnnnieinLup

UwupwdJwul Eubpgbunhy ybppnednie)ncl, hwagwny
EuEpqwhulwynnnipntup hwuwnwwnnn swhdwu b
hwywuwnwl (2 b 3) wiwu
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The majority of the report should focus on
recommended EEMs. Typically, these are
presented as no-cost or low-cost measures,
practical measures meeting facility financial
criteria, and capital-intensive measures. The
report should include detailed descriptions of
each recommended EEM and explain:

e Existing conditions and recommended
changes, including equipment specs
and specific locations of installations;

e How the measure will save energy and
how much energy it will save;

e Costs of recommended measures;
e Financial analysis results;

e Effects on O&M and the comfort level.

At the final discussion, there should be a
walkthrough of the analysis, results and rec-
ommended EEMs. Steps and a schedule for
action should be discussed. There may be
operational changes in the proposed EEM
package; some EEMs may be implemented
immediately that will result in instant energy
savings. Other changes may need to be as-
sessed further and incorporated into longer-
term plans.

NOTE: The report should present an opti-
mized bundle/package of measures, where
shorter payback EEMs are combined with
longer payback EEMs to collectively meet
energy savings and financial goals.

Understanding energy costs

Understanding energy costs is a vital factor
for creating awareness and calculating sav-
ings. In an environmental or engineering
sense, the physical unit (kWh, kJ, or tons of
CO, emissions) may be enough to describe
the changes caused by energy-saving
measures. However, if the profitability of
measures is considered, the physical units
should then be converted into monetary
units.

There may also be some conditions for the
quality of fuels' (calorific value, density, etc.
should be considered) and for the terms of

Rwpytnynipjwu J66 Jwup wtwp £ uyhpusd
thuph wnwewnyynn EWU-UEphU: Ypwlp, npwtu
jwunl, ubGpywjwgynd U wnwlg Swhuubph
ywd phs Swhiuwwnwn dhgngwnnidubp, opjty-
inh pupwghy $huwltuwywl huwpwynpnipnLu-
utphu hwdwwwwnwuhuwunn gnpduwywu vhen-
gwnndutp W ywwhwnw UGpnpnudubp wwhw-
onn  Swhiuwwnwn Jdhgngwnnudubp: Iwpybn-
Jnipyntup wbwp £ uGpwnh wnwewpyynn jnt-
pwpwugnn EWU-h dwupwdwul LJwpwagnpnt-
rINLUU NL pwgwwnph.

e Qnjnipjntl nlubgnn wwjJdwulutpu nL wnw-
swnyynn thnihnpunipinilutipp, wjn pynd®
uwppwynpnidutph Jwulwagnptpp W inbGnw-
Yujdwl YnuynGwn Jwjntpp,

e blUswybu W nppwl E Jhongwnnidp EuGpghw
puuw)Gnt,

e Unwowpyynn Jhgngwnnidubph
wUhpwdtwn Swhuubknn,

hwdwnp

e DbhUuwluwlwl ybpniénipjwl wnpnyniuplub-
no,

e 3bwnlbwupltpp ¢ U M W hwpdwpwybunnt-
Rjwl dwlwpnwyh Ynw:

Ujwpunwywl pulwnpydwl pupwgpnid JGY wn
Jty nhunwpyynd GU wnwewnyynn EUU-UGNP,
yGniniéynid wpnynituputpp: Rulwnyynid GU hi-
tnwagw pwjEpu nu gnpénnniejntuuGph dwdw-
LUwywgnygp: Wuwnbn Ywpnn Gu  tinthnfunt-
rintluGp Jwwnwnybp EUU-UGph hwpbrenud, L
npn2 EUU-UGEp hpwywlwgytl wudhswwbu,
npp Yhwlgtguh EuGpghwih  wyupwppwihu
pubwynnniejwu: Wy thnthnpfuncpynitubbnp Ywnpnn
GU hGunwagw qUwhwwndwl Ywphp nluGUw L
punapyytl Gpywpwdwdytin Gpwantnh Uky:

Swunpnipjnib. Iwytnynipjwl Jtp dhgnguw-
nnuwdutph Jh owwhdwjwgywé thwpbkp E Utp-
Jwjwgynid, npintin upwwnl htngudwl dwd-
ywnny EUU-UEpp qnignpnynd Bu Gplup
htnqudwl dwdytwnny EUU-UEph hEw, npwybu-
qh hwdwwntn wywhnytu gwuywih tubpqwju-
LUwynnnipyntup b Phuwivwyuwt bywwnwyubpp:

wulwlw| EuEpghwjh Swhuutpp

EuGnpghwjh éwhiutpp hwulywuwip hpwqbyywéd
LhuGnL W EuGpqwhilwynnnipjwl $huwltuwywl

delivery (Figure 9). hwodwpy Ywwmwnpbint hwdwnp  wUuhpwdtwn

® These are especially important in some cases, e.g. with biofuels the moisture content and the net caloric value between loads of wood
chips may differ, which mean that tons of fuels are not directly comparable.

Upwlp npn2 nGwptpnud hwnwwbu 2wwn wplnp Bu, ophtwy, YGuuwdwntihph nGwenid, funbwyniejwl wywnpnibwynipinitup W
Utpphtu wypdwl gbpunipintup Ywpnn £ wwppbpybp Ungu Swdwih thtiEpUEph hwdwp, huy uw Lpwbwynd £, np ¢gh Yunpbh
ninnwyhnptlu hwdtdwwnbp Uh tnGuwyh quntihph JGy tiinbuwl’® djntup hbun:
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Fuels'® are burned in boilers that have a com-
bustion efficiency that expresses which per-
centages of the net caloric value of the fuel
can be converted into usable heat. With the
best gas- or oilfired boilers, this efficiency
should be over 90%."”

Capital and maintenance costs of a boiler
house should be considered in energy pric-
ing. The share of capital costs may be even
more significant in the heat price when

2w wnplnp gnpénu E: Shghywywu Jhwdnnpp
(Y4wnd, Y42 ywd nnuuw CO,-wpwnwuGwnnLdutn)
ywpnn t pwdwywu putp EuGpgquiulwjnnnt-
rjwl Jhgngwnnidubph wpnniupnid wnwow-
gnn thnthnpunipynlulpp plwwwhwwlwywu
ywd wbGhiuplwywl hdwuwnny Uywpwagpbint
hwdwn: Uwlwju Jhengwnnidubph whnipwpt-
nnipintup nhinwnpytihu win $hahjuywu vhw-
ynputpp wbuwp £ thnpuwnpyt nphwdwywu Jhw-
Unputnph: dwnbihph npn2 wnbuwyutph®™ npwyu
wnugynd £ npnwyh wywjdwuuGph hGwn® wuh-

demand and installed capacity are pnwdt>n £ hwydh wnub] eGpdwuwnynip)niup,
inadequate. funnipntup W wy gnigwuhutp, bwl Jwwnw-
° ywpwpdwl wywjdwuutpp (LY. 9):

Jdwnbhpu' wipdnid £ Ywpuwjnid, npu nLup
wjpdwU wpnynibwytGunnepyniu, yGpghuu gnug £
nwihu, rE ywnbhph UGpphUu wjpdwlu sepdwwnyniejwl nn innynup Ywpnn £ yepwéyb| oguinw-
ywn etpdwjhu EuGpghwjh: Qugny L henniy Junblhpny wpuwwnnn jwywgnyu Ywpruwutph
wpnynibwytwnnienilp wewnp £ huh wytih pwl 90%: "’

EuGpghwih quwagnjwgdwl Uty wtwp £ hwyh wnub] jwruwjwunwl juwhwunw], huswybu bwl
wwhwywudwl nt mEpuuhywywl uywuwpydwl Swhuutpp: Q6pdwjhu EuGpghwjh wpdbph UGy
ywwhwnw| Swhiubph Jwulwpwdhup Ywpnn t wybh Ewywu [pubp Gpp wwhwluswnyp W

inbtnwywjywd hgnpnipjntbubpp wuhwdwwwwnwupiwl Gu:

Transported fuels: net caloric value (lower heat-
ing value) of fuel, combustion efficiency of boiler
(and a boiler house), quality of fuel, trans-
portation costs of fuel, capital costs, maintenance
costs, own needs of heat and electricity in a boil-
er house, and other operating costs than energy

Energy transfer in networks: connection charges,
unit pricing of energy (net caloric value of fuel),
fixed costs, maintenance and operating costs

IMPORTANT: An auditor should be familiar

Uwunwlwpwpywé Junbihp. yunbihph UGpphu wjp-
Jwl gGpdwpwpnie)niup (unnphu pwuynpwywl okp-
Jwuwnynrpjwl wpdtpp), jwpruwjh (L jwpuwjwwnwl)
wjndwu OQ4Q, ywntihph npwyp, ywntihph thnpuw-
npwl dwhutpp, Ywwhww| dwhutpp, ywhwwl-
Jwu W wbhUupjuywl uwywuwpydwl Swhuubpp,
Jwpruwjwwnwl stpdwjhu b ElGYwmpwEuGpghwih ut-
thwwU unhputipp U EuGpghwjhg pwgh wj| wpnw-
npwywu dwhuutn:

Swugbnny hwnnpnywé EuGpghw. Jhwgdwl yéwnp,

Uty vhwynp Eutipghwjh ghup (JunGihph UGpphu wjp-
dwl stpdnie)niup), wuthnthnfu Swhuubpp, nGhulp-
Juwywl uywuwnyuwu L wpunwnpwywl swhubpp:

Nwnpnipjniu. Untnhninpp wtwp £ dwlnp thup

with the pricing of energy, otherwise it will
not be possible to recommend/implement
reliable and economically feasible EEMs.

tukpghwjh quwgnyugdwup, wjjwwbu huwpw-
ynp ¢h thuph wnwpwpyt/ppwyuwwgub] hntuwh
U nunbuwwbu bywwnwlwhwpdwp EUU-ULR:

'8 A wide variety of fuels are available for thermal energy supply. Understanding fuel costs is fairly simple; they are purchased in tons or
kiloliters. Availability, cost and quality are the main three factors that should be considered when purchasing.

Qtndwjht EuGpghw unwuwint hwdwnp Junbihph 2wwn nGuwyutn ywu: dwnbihph wnpdtpp pwdwlwuhlu hGwn E hwuywlw, pwuh
nn npwup quynud Eu wnnUUwutpny Ywd Yhpngpwdutbpnyg:  Qudwl dwdwlwly hwpdh U wnUynd hGnljw) Gpbp hhuuwywu
q}nnbnhhbnn‘ wnlwjnipiniup, ghup W npwyp:

" The efficiency of gas- or oil-fired boilers may be lower if the effects of a boiler are not correctly adjusted to heat demand, or if the
burner is not working properly. It may be higher if condensing boilers and appropriate heating systems are installed. In actual useful
energy pricing, combustion efficiency should be taken into account. To get the actual fuel price, the price per kJ or KWh, etc. should be
divided by the combustion efficiency.

Quqny Ywd htnniy Jwntihpny wpuwwnnn juwruwubph oginwlwp gnpénnniejwl gnpéwyhgp' OQQ-p Ywnnn £ wybih thnpp |hub,
Grt npwup dhown ¢6U hwpdwpbgpwd thwuwnwgh 9Epdwihu wwhwlugwnyhu Ywd, Gt wiphsp Unpdwy sh whuwwnned: WU Ywpnn £
Lbwl wybh UGé |huk), Gt Ynuntuwghntu Jwpruwlubp L hwdwwwwnwupiwl gEnnigdwl hwdwlwng £ nbEnwywjdwé: Eutpghwih
hpwywu ghup npnpbihu wuhpwdbn £ hwpyh wnlb] wipdwlu 0QQ-p: Ogunwlwn Eubpghwih hpwywl ghup unwlwint hwdwn'
Juwnthph ynne-h ywd y4nd-h b wjiu ghup, ytwnp £ pwdwub] wjpdwu OQQ-h wpdbph ypw:
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If the audited target has a choice between
different energy rates, an auditor should
check which one is the most economical for
the target. It may sometimes be economical
to change from the audited target’s own
boiler to district heat or vice versa. Auditors
should be able to compare the pricing of dif-
ferent heat and energy sources. However,
the change from one energy source to an-
other cannot be based on the “daily” and
temporary development of energy prices;
change must be based on long-term thinking.

Savings potentials

The condition of a building can tell an expe-
rienced energy auditor a lot about its energy-
saving opportunities. In the building stock
there are commonly known savings opportu-
nities which should be particularly familiar to
an energy auditor. For example, replacing
poor double-glazed windows with new mod-
ern triple glazed ones may decrease heat los-
ses in windows by 50%; however, it may equ-
ate to only a 5-15% (depending on building
glazed facade coefficient) reduction in total
heat consumption. One degree of overheating
may mean a 5% increase in space heating.™

Energy-saving potential, investments and
EEM proposals should be based on reality
and be reliable. For example, the expected
savings caused by an advanced EEM would
not be realized in a case where a building has
consistently underheated before the planned
investment. This is a very common situation
in Armenian buildings due to the poor social
condition of buildings and flat owners.

Saving potential includes energy savings in
only energy and/or in monetary terms, not
the costs of EEMs. When the net costs of
measures are combined with net saving rev-
enues, the economy of the measures can
then be calculated.

Reporting of measures

In an audit report, the evaluation and in-
vestment calculation methods used and the
methods with which the different kinds of
costs and earnings are dealt should be men-

Grb wninhwinh Gupwnyynn opjtywnlu nLuh Eukp-
ahwjh mwpptpn mGuwyutph Jho puinpniejwl
huwpwynpnipintt, www wninhnnpp wbwnp £
uinnigh, G npwughg np UtYu £ ndjwy opjlnh
hwdwnp nunbuwwbu wnwyb] bwWwunwywhwn-
Jwnpn: GppGUlu upnn £ lnunBuwbu dGnuwnnt (h-
UG wnunhwinh Gupwpyynn opjGynh ubthwywu
wpruwjwwunwl thnpuwptlu uldb], yGunpnuwg-
Jwé gtnnigdwl hwdwywnghg, Ywd hwlwnw-
Up: Untnhuinnpp wtwp Eywpnnwlw hwdbdwwnby
gpdwjhu  Eutpghwjh wwpptp  wnpjniputnh
qutpp: Uwywju J&Y Eubpghwih wnpjntphg Jjnt-
uhU wugut|p sh ywpnn hhduwé |hub) EuGpguw-
yhpubph qutph «nyyw; opw» Ywd dwdwlw-
Ywdnp qupgqugnLdutiph ypw: dw wbwnp £ wnpyh
GEpywpwdwuybwn htnwuywnputphg GluGny:

Eubpqwjubwjnnnipjwl Ukpnidp

CEuph ywjdwulubpp Ywpnn BU thnpdwnnt Eukp-
gbinhy wnnhinnphu  EuGpgwhilwinnnijwu
huwpwynpnrpjntulGpnh dwuhU 2wwn pwl hnbi:
Rwnywwbu 26upbph puwgqwywnnid Ywl Eutp-
guwhilwynnnipjwl  wwpq  Jdhgngwnnidutn,
nnpnug hpwlwuwgdwlu wpnjntupnid uinwgynn
fubwjnnnientuutpp  hwywnup Gu  Eubpgbunpy
wninhnnputphb: Ophuwy® wunpwy GpYy2Epunn
wwwnnthwuutpp Unp dwdwlwywyhg Gnwobpwn
wwuwnnthwuutpny thnpuwphubipe wpnyntupnud®
wwuwnnthwuutphg gEpdwjhu Yynpniunubpp Yuw-
nnn BU Ujwqb] 50%-ny, uwlwju wjn dhegngwn-
Jwl 2unphhy punhwuncp gGpdwjhu Eubpghwjh
uwwnndp ywpnn £ ypdwwnt Jhwju 2nipg 5-
15%-ny (Ywhujwé pEuph Gwywuwh wwwybk-
wWwwdwlu gnpéwyghg): Ywd UGy wuwnhdwuny
wyth UEpphU onh spdwunhéwuh pwpdpwgnt-
Jdp wpnn £ pGpG mwpwéph gtnnigdwU hwdwn
wpuwnpynn Eupghwjh 5%-wlng wéh: '

EuGpgwpulw)jnnnipjwl UbGpnidp, UGpnpnudutpp
U EUU wnwowpynreinLuutpp wbwnp £ hniuwhn-
nEU hhduwynpywé |hutlu: Opplwy® wnwewynp
EUWU-uGpny  wwjdwuwynpwsé'  wyuywiynn
pubuwjnnnie)nLuutpp s6U Ywpnn hpwywuntejniu
nwnUw(, rGplu, wju ntEwptpnid, Gpp RLGPG-
nnigdwl wwwndwnny 26Upnwd 2w gnipwun £ EnG|
Jhus uGpnpnudutpp: CEuph W puwlwnpwuubph
uGlthwwluwwbptph  wupwywpwn  unghww-
ywlu ypdwyh wywwdwnny uw hwjwunwljwl
26Uptnh hwdwp 2wwn lnwpwédywé Gplnye E:

'® These can be used as a first-hand tool when saving potentials are evaluated or for a simple audit. However, as always with kinds of
rules of thumb, an auditor should know his/her limits. Auditors should evaluate savings potentials based on real information from the
audited target. Rules of thumb are not recommended in final standard and comprehensive audit reporting.

hbwjnnniejwu wnwnBughw|p quwhwwblhu, jwd wwpg wninhnh nbwpenwd, upwlup Ywpblh £ oguhwagnpét] npwbu  wnwlwjhu
gnpéhp: Uwlwju, wninhnnpp wbwnp £ dwlwsh Udwl «pnie Jwnhy optuplutph Yyhpwndwl uwhdwultpp: Uninhinnpp guwhwwnned
E julwynnniejwl thwuwnwgh Ubpnudp' hhdudting wndjwy opjtyinhg unwgywéd hpwywl ndjwiubph ypw: unphnipn gh tipynid pnie
Jwuwnh optGputin yhpwnb yeppwlywl unwunwpun W hwdwwwnthwy wninhinh hwybnynieniultpned:
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tioned. Additionally, expectations concerning
energy and water prices should be made
clear. For an easy comparison, it is wise to
present the proposed energy and water
EEMs in a clear form orin a table (Figure 10).

Measures are targeted on the building enve-
lope, on the heating, ventilation and air-
conditioning systems of the building, on the
domestic hot-water and electricity systems,
and other building systems such as domes-
tic cold-water or waste-water systems, etc.'

EuGpgwpulwnnniejwl UbGpnudp JGpwpbpnud £
Jhwju Eutipghwjh fubwjnnnipjwlp’ Eubpghwih
Wywd npwdwywlu wpunwhwjnniejudp, uw-
ywju wju ¢h yGpwptpnud EUWU-UGNH Swhuubphl:
Uhugntn Jhgngwnnidutph inunbuwywlu LUww-
nwywhwnpdwnpnipjwl  hwodwpy  Jwunwpbip
huwpwynp £ huntd, Gpp dhgngwnnidutph gnin
Swhuutpp hwdwygynid BU gnin pulwjnnniejwlu
GUwuUnLinutnh hGwn:

Uhgngwnnidubph dwuhu hw2ytwnynipyntu
Untnhinh hwoybnygnipjwu Jdbe wbunp £ UoG|

guwhwwndwlu W uGpnpnuduGph hw2dwpydwl
hwdwp Yhpwnywsd dbennutpp, nmwpptp dwiu-

ubph W GYwUniinutph Lywwndwdp UninbGgnudubph uygpniuplbpp: Awgh wjn, wbwnp £ hunwyn-
nEu Uyt EuGpghwjh L oph uwlwaqutbph thnthnfunieynluubph hGn yuwwywéd wyuywihplubpp:

Yniphu  hwdGdwnnigjwl  hwdwnp  huGiwdhwn

Uthuh Eutpghwih W gnh hwdwp wnwpwnyynn

EUU-UGpp UEpYwjwgulb] wwpq éuny Ywd wryniuwyh wnkupny LY. 10):

Uhgngwnnidutnp hhduwywuntd yGpwpbpnid Bu 26Uph wpunwphU ywwnnn ynuunpniyghwub-
nhu, 26uph gtnnigdwl, onwthnfudwl W onnpwydwl hwdwlwnpagbphu, yEugwnwjhu tnwp spw-
Jwunwlwpwpdwl, 26uph ElGHnpuwdwwnwlywpwpdwl, huswbu bwl w) hwdwywnpgbphu, win
rUNLU* uwnp spwdwwnwlwpwpdwl, Yenunwentph htnwgdwu W wjiu: '™

Net Net Ranking
Description Capital Energy Economy |[in Energ Comments**
Costs Savings Sense*
EEMs in Building Envelope
. Savings due to lower heat los-
o 100 mm more insula- 140
sulaton o0 with expanded 30,000 MWhiyr  SSROCEL SO o buing wil in
perlite boards covered Euros 3,900 Eu- .
of facades by ceramic plates r0S 7.7 years crease because of no rain-
y P water leaks
EEMs in Heating and Air-Conditioning Systems
New local Conventional old bo- 150 Pavback Efficient generation and better
. iler is replaced by mo- 12,000 MWh/yr yb . control of heating will save
heating d densi E 4100 E period High di th |
system ern condensing uros , u- 2.9 years energy and improve therma
boiler ros ’ comfort
EEMs in Domestic-water and Waste-water Systems
. 3 Lower (optimal) pressure of do-
Pressure Irlztsaslt?g 5aT\?:isr:ant 2,800 ozfl\?vg(t)er:; ; Paé/:)iggk Hiah mestic water means lower water
valve ﬁmain iveline Euros 800 Eurgs 3p5 ears 9 consumption. Savings due to lo-
PP oY werwaterand heatconsumption
EEMs in Electrical Systems
Control of . 50 MWh/yr ~ Payback Savings due to lower electricity
outdoor ;I'lr::te(; r?pl?ced by I1E,000 3,100 Eu- period High consumption, without worsen-
Lighting 'ght detector uros ros 0.3 years ing comfort conditions
Combined EEM package jointly
Total 45,800 11,900 3.8 years High meets energy savings and fi-
Euros Euros

* Means a scale between the most and less favorable measures.

nancial goals

** Other effects, which are difficult to express in energy or in monetary terms, or things which should be considered when the meas-
ure is implemented. References to the respective drawings and other background information can be made here.
*** Other financial investment measures may also be used, such as, NPV, IRR or Return on Investment.

' Industrial buildings, hospitals and other special buildings may have special systems which may require additional categories, e.g. ste-
am systems, pressure-air systems, clean-water systems, etc. On the other hand, it is not necessary to include these special systems in
energy audits of buildings.

Upunnwnpwywl, pd2yuywl U hwwnniy Lpwlwynipjwl wy 28Uptpp Ywpnn GU hwwnnwy hwdwywpgbp nltuGuw, npnug hwJdwn Ywpnn
E |pwgnighs nwuwywpgnd wywhwUgyt|'gninpant hwdwywnpgtn, onh 6Updwl hwdwywnatbp, Jwpenip gnh hwdwywngbp, W wjl:
Ujniu Ynnuhg E| wwpwwnhp sE, np wjn hwwnnwy hwdwywnpgbpu pungpydtu 26uph EuGpgGwnhy wninhwnnid:
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2nLn
tubp-
gwpuliwjn-
nnLpjnLu

Ljwpwagpnt-

Uhgngwnnid pynLl

Sunbuw-
Jul
hw2dwny

UGYuwpwunipjnitiup**

GEuph wpwnwphu Ynuunpniyghwubph EUU-UGp

Upwnwphl wwinbph gtp-
dwjhu Ynpniunubph yp-

Gwmgpudwl dwwndJwl wpnniupnid
*dwdytnp  yghehu unwgynn hubwjnnnip)ntl:
Wuéplwyoph UGphnuph pw-
7.7 nwph gwlw)nLejwl wpnntupned
26Uph whwnwlub hniejwu
dwdybwnp Yuybwuw
UpryntbwybGun wpunwnpnt-
pintup L gGnnigdwl wytih
%;j‘fd‘bdu‘fr_}‘ qwnan 1w Yunwywpnup Eup-
2.9 twnh ahw Yrubuh L Ypwnbiwdh

gstpJwjhu hwpdwpw-y&-
wnLenLtup

Ubpuinuwjhu gph gwép (ow-
inhdwy) duanwdp Lpwlw-

UGpwdhywywl
uwlhyutnny
Swywwlutph  swélydws 100
Ipwgnighs UU thpbigqwd 30,000 14&5”‘;1”’
sbpUwdtyniu  wbnhnk uw- bdon 5 900 {j‘q .
wgntd LGpny [pw- ’ n
gnitghg ebnUuw-
JGynLuwgnid
tnnigdwl b onnpuwydwl hwdwlwpgbph EUU-Ukp
Ujwlnwywu
_ hhu jwpuwl
Lnp, (NYw| 96 thnfuwphUynid 12,000 150 Udnd/
nnigdwl hw- nwnh
dwlwng Ewnnhwwu - GUpn -y 466 500
UnuntUuwghnu ’
Jupuw)ny
Lbpphu gpwdwwnwuwpwpdwl b YEnunwgpbph hEpnwgdwl hwdwlwpgtph EUU-UED
3pdlwywl fun-
nnywywawph 3
SUoUwl Jpw hwunw- 2,800 rfff’ugj -
Yuthnyplbp Wit GUpUwl GUpn 280’(‘) by r;
Ywthninutinh n
nGnwnpnid
ElGyunpwtubpghwjh hwdwlywpgbph EUU-UGp
_ fowydbpp thn-
Upwwphl |nu huwphuyntd £ 1,000 50 Udnd/
uwynnpntejwl InLjuh nbwnky- N nwnh
Ywnwywpnid nnpny 3,100 G4pn
45,800
Cunwdtlup unn 11,900 G4pn

%;JJJ]L?L}JEUUL:IQU pwnén Unwd £ onh ph¢ uwjwnnLd:
3.5 wph 9ph U gEpuUnLRjwl phg
' uwywnuwl wnpryncupnid
utnwgynn fuliwjnnnteinLu
tlbumGLuEUbnqhwﬂh erf
uwwnUwl wpnjntupnt
q;LL]nL?rL:JIl:duL1UDU pwinpan wnwpwgnn fulwjnnnt-
0.3 twph @INLU" wnwlg hwpdwpw-
- Ybnntejwl wwyUwlltnh
Jwwnpwpwgdwu
EUU hwdwygywé thwpt-
3.8 lnwph pwpap PO pwywpwnntd £ Eukp-

qwpulwjnnniejwu W $h-
LwluwlwUu bywwnwyutpp

* Uwlnnwy dhgngwnnidutph pwpép W gwdp bywnwwhwpdwpnipjwl nwuwywnpgdw:
** W) wpnyniupltn, npnup ndywn £ wpnwhwjnt) EUEpghwih Ywd npwdwywu Jhwynpubpny, Ywd pwubp, npnup wbwp £
hwpyh wnut] dhgngwnnidu hpwywlwgUbintg hGwnn: Wuwnbn bwl Ywpbh £ hnnudubp jwwnwntp gdwagptph W wj) odwunwy

nbnGynip)nUUEnh ypw:

*** Ywpnn U Yhpwndt] $huwluwywl gbppnénipjwl wyp JGennutp, ophuwly' 2~U, SLL Jwd ubpnpnudubph whnipw-

pGpnLp)nLu:
Scope and type of proposals

EEM proposals include both savings oppor-
tunities and their costs. Therefore, they are
valuable when decision makers are planning
energy-efficiency projects. Energy-savings
measures included in EEM packages for
buildings may not necessarily be profitable
from an energy perspective. If energy-
savings opportunities are considered along-
side renovation needs, then the measures
are in most cases more profitable.?

% \When the energy savings from a window replacement are com

Unwowpynipynitubph 2pgwbwyp b dup

EUWU-UGph wnwewpynipjntultnpu pungnpyncd Bu
L EuGpghwjh huwpwynp pubwjnnnipjwl, W
wjn fubwjnnniejntbutph $huwlivwywl wndbp-
utpp: Yuwhuny, npwup hwnywwbu wndbpw-
Jynp GU, Gpp npnanud  Jwjwgunnubpu Eubp-
gwuwpnnibwybunniejwu dpwagptp U wwlw-
ynpnud: CStupbph EUU thwpebend pungpyynn
pninp EuGpgwhibwnnnipjwl Uhgngwnnidubnp,
uwluwju, EuEpgGnphy hdwuwnny Ywpnn U Jhw-
2wlwy 2whwybwn sihut: Cwwn nGwptpnud wjn

bined with the other effects of the measure, such as the extended

service life of the windows and better thermal comfort, the aesthetic view of the building the measure is more attractive. In many cases,
these other effects may be the main reason to implement the proposed measure. In an energy audit report, these other positive (or

sometimes negative) effects should be mentioned.
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EEM proposals may include draft drawings
of the structural changes in walls necessary
for additional insulation, or draft drawings of
the changes in pipelines because of the
need to install balancing valves and a mod-
ern heating boiler, etc. This kind of detailed
work should be carried out if decision mak-
ers have already made the decision to invest
in energy efficiency and have the resources
for the investment.

This kind of drafting should also be done at
the “light” level if it is presumed that there
may be a lack of space for “energy-saving
equipment”, e.g. heat-recovery equipment in
air-conditioning needs extra space, or addi-
tional insulation on the facade side of a
building may be difficult to build. Drafting is
a good way to clip the wings of unrealistic
proposals.

Investment evaluations and calculations

There is a range of costs available for differ-
ent measures. EEM investments are normal-
ly based on economic factors, but other as-
pects may also be more emphasized, for
instance, reducing CO, emissions can be a
large reason to invest in energy efficiency
rather than fiscal profits (depending on the
funds, donors, state programs, and other
investors in the field).

When energy- and water-saving measures
are based on monetary profitability, normal
investment calculations methods are ap-
plied. This issue is discussed in detail in
Module 10.

Key equipment and instruments used in
building energy audits

Requirements for an energy audit, such as
the identification and quantification of ener-
gy measurements, requires the use of in-
struments. These instruments must be port-
able, durable, easy to operate and relatively
inexpensive.?'

Jhgngwnnidutplu wybh 2whwytun BU nwnuntd,
Grt tuGpqupilwinnniejwlu hbwpwynpnie|nLu-
ubpp nhunwpyynd U yGpwlunpngdwu Yuwnphp-
utph htwn hwdwinkn:?

EUU wnwwpyniejntuutpp ywaqubihu Ywpnn £
wwhwugytl, onhwy” wwwnbph |pwgnighg obip-
Jwdtyniuwgdwl hwdwp LUwhpwwnbuynn Yuw-
nnLgywépwjhu thnihnfuntpnluuEph hwdwp bUw-
huwagétp ywwnpwuwnbl, ywd upgwynpnn Yuw-
thnyputph b dwdwuwywyhg stnnigdwl Ywpe-
uwjh mEnwywdwl ywuwnédwnny thnthnpuntpjwl
Gupwnyynn punnnyuwywowntph  Uwhbwywl
qéwaptp hpwywlwglb] W wyu: Wu Yuwpgh
Jwlpwdwul wouwwnwupp ywwnwpynid £ wjl
nGwpnwd Jhwjlu, Gpp npnand Jwjwgunnubnpu
wpnbU npn2t) GU EuGpquwpnntbwyGunniejwl
uGnnpnudubn ywwnwnt L wn uGpnpnudutph nk-
unLpuutpp hwjwnuh Gu:

Ldwlwwnhw Uwhlbwywu gqbwagptp wbwp E
ywqut] Euphgh Jdwywpnwyny Uwl, Grt GU-
pwnpyntd £, np «EUGpqupulwjnnniejwl npn)
uwppwynpnidutph» hwdwp pwywpwn wnw-
nwép gyw, onhuwy onnpwydwl Ywphputph
hwdwn gGpdnipjwlu ynpquwl uwppwynpnidut-
nh hwdwn [pwgnighg lnwpwép £ wuhpwdbywn
Ywd 26Uph dwlwwwihu Ynnuh |pwgnighs otp-
Jwutyniuwgnudp pwpnniejntllbp £ wnwwg-
untd 2hbwpwpwywu wnBuwlyntuhg: Euphqub-
nh ywunwpnidp b w2huwwnwupwhu pubwnyned-
uGpp' gnpSUwywunptu nddwp hpwanpéynn
wnwewnpynrejntuutnp 2nyGine jwy Jheong k:

LEpnpnudutph guwhwwnud b hwgwpy

FRuwlywlwpwp, jwlu pwulywnpdtp L wyth phg
rwlywnpdtp Uhgngwnnidutn: EUU LGpnpnLdlG-
np unynpwpwn hhdugywé U nunGuwywlu gnp-
onulbph Jpw, uwlwyu ninpiinud wnyw npw-
Jwywu dJhgngutph, nnunpubtpph, wbunwywu

Snwankph, wj; $huwuuwynpdwl wnpjniputph
L UBpnpnnuBph  wnyw)nieintuhg  Juwhujwé,
Jjntu wuwGywnltbpp unyuwbu Ywpnn GU wnw-
JtL pungéywé hub|, ophlwy’ Eubpguwpnynt-
LUwyGwnnipjwl uGpnpnudutph hhduwywu bww-
nwyp Ywpnn E  CO, wpunwlbunnidutph

Gpp wwwnnthwulubph thnfuwphunwhg wnwewgwd Eubpghwjh pubwynnnieintup hwdwygynid £ vhgngwnnidubph wj| wpnynituplubph
htwn, huswhuhp GU' Wwwnnthwuubph whnwubhpjwlu dwuytnh wytiwgndp W wytih (wy gEpdwihu hwpdwpwybuncegniup, 26Uph
gGnwghnwywl ntupp, wwyw dGéwunwd E vhgngwnnidubph gpwdgnie)niup: Swwn nGwptpnid Uhgngwnnidubph hhduwywl npnw-
wwwdwn Ywpnn U hwunhuwtw) hEug wju' djnwu wpmyniuplubpp: Eubpgunhy wnwhunh hwaybndnipiwl dbe wbnp £ Upytu
%bnnhhz;wl npwywu W, GppEdu, bwlb pwgwuwywl wnnntupltpp:

#' The parameters generally monitored during energy audits may include the following: internal and external air temperatures; heat
flow;radiation, air and gas flow; liquid flow; relative humidity; flue gas analysis (CO,, O,, CO, SOy, NO,); combustion efficiency; basic
electrical parameters in AC & DC systems (voltage, current, power factor, active, reactive power, energy consumption (kWh), frequency,
etc.); other non-electrical parameters such as, revolutions per minute, air velocity, noise and vibration, dust concentration, pH, moisture
content, etc.

Eubpgbunhy wninhwnh pupwgpnid nhinwpyynn wwpwdtunptpp undnpwpwnp hGnljwib Bu. UGpphu LW wpwnwphu onh gGpndwuwnhdwl,
stpndwjhu hnup, dwnwgquw)entd, onh W gwah hnup, hGnnLtyh hnup, hwpwpbpwywu funuwynienil, Shuwquwagbph yepnednienil (CO,,
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The operating instructions for all instruments
must be understood and staff should famil-
iarize themselves with the instruments and
their operation prior to actual use in an au-
dit.

Measurements concerning thermal comfort,
air temperature (several types of tempera-
ture devices can be used), humidity, and lu-
minance do not require very extensive
measurements - measuring instruments for
these are not very expensive. On the other
hand, measuring devices for ultra-sound
flow or heat meters, energy analyzers, infra-
red cameras, gas analyzers, etc. are rather
expensive and require experienced opera-
tors.

Wall-surface  temperature  measurement
gives information on the heat loss of walls.
An energy analyzer can be used to measure
and analyze the electricity consumption for
one day or one week. The analyzer also
gives information on peak loads and the
quality of electricity (reactive power, etc.).

An ultra-sound flow meter (portable) is use-
ful when water flows should be measured in
pipelines where there is no fixed flow meter.

The humidity content of indoor air says some-
thing about the sufficiency of ventilation.

A thermo-vision orinfrared camera is a device
that forms an image using infra-red radiation,
similar to a common camera that forms an im-
age using visible light. A thermal conductivity
coefficient measurement instrument de-
termines thermal conductivity and the thermal
resistance of insulation material (mainly used
in laboratory conditions), etc.

Key instruments for energy audits are listed
below in Figure 11.

NOTE: Seeking out energy efficiency does
not mean worsening comfort conditions.

NOTE: The National University of Architec-
ture and Construction of Armenia (NUACA)’s
Energy Efficiency Laboratory has many of
the tools and equipment listed in Figure 12.
The lab and the purchase of its equipment
was organized and financed by the UNDP-
GEF “Improving Energy Efficiency in Build-
ings” project.

yndwuwnwdp [hub, wj; ng _E npwdwywu wn-
nwhwjwnniejwdp 2whnyen:

Gpp EUEpghwjh W gnh fulwjnnnipjwl Uhgngw-
nnidutpp hhdujwé U npwdwlwl wpnwhwi-
innipjwdp 2whnipwptpnipjwu ypw, www Yh-
pwnynd GU UEpnpnudwihu hwdwnpyubpph JG-
rnnutpp: Wu ptdwl dwlupwdwul W (wjunptu
utGpywjwgywé £ 10-nn Unnniynid:

GLuph Eubpgbwnhy wninhnh dwdwlwy
Yhpwnynn hhduwwl uwppwynpnidutpl no
gnpdhputipp

EuGpgbwnhy wninhnp wugyuwgdwl dwdwlwy
EutnpgGunhy wwhwlpwnyp Uunylwywlwgdwl W
FuGpghwtu pwlwywywu wnyjwiutpnd wpunw-
hwjntnt bwwwnwyny wuhpwdtwn swhnwdutp
ywwwpbint hwdwn wywhwugnwd £ oguwgnn-
66] hwdwwwwwupuwl gnpdhpubp: Wn gnp-
6hpubpp whwp £ [hUGU nnLpw)wnd, hniuwih,
ognwagnnédwl Ute njniphu b hwdtdwwnwpwn
Edwu:*’

Untnhinh gnpdlwlwu hpwlwlwgnidhg wnwy
wldbwlwagdp wybwnp £ hwuywlw, rE hUswbu
oguwgnpdt| pninp win gnpdhputpp W wpdyh
npwug ogwnwagnpédwup: Qpdwjhu hwpdwpw-
JGwnnipjwu, onh sGpdwuwinhdwuh (wnpnn GU og-
nwagnpéyt] Jh pwuh nGuwyh gtpdwswihtn),
funbwyntejwl, nLuwydnpniejwl  swithnidubpp
2w Swywntt whuwwmwupubp s6U Wwhwl-
ontd L swithhg uwpptbnp 2w pwlywnpdtp sGL,
uwywyu djnwu ynnuhg' swihhs uwppwynpnidut-
np, huswhuhp GU hnuph Ywd gtpdnLejwlu nijwn-
pnwéwjuwjhu  hwpyhsubpp, EuGpgwwUhihgn-
nnputipp, hubpwywnpuhp gtipdwgntjg uwnpptnp,
gwqgh wuwihqwwunpubpp W wjlt, pwywywl
pwlywndtp GU W npwug ogunwagnpnédwlu hw-
Jwnp thnpéwnnt JwulwgtGunutn GU wuhpwdtw:

Mwuwbtph Jwytptuh dwyGpwnyprh stpdwuwnh-
dwuh swhdwl Jvhengny huwpwynp £ wywwnhg
stpdwjihu Ynpniunnutph JwuplU wnbnGYynieynLu-
ubp unwlw: EuGpgwwuhhqwwnpp Ywpbh £
oguwagnnét] UGy opdw Ywd Uty pwpwpryw
ElGyunpwtutpghwih uwwnndp npn2Gne W yGp-
(nLoGinL hwdwp: Wn wuwhqwunpp bwlb nk-
nGynienLtuubp £ wnwihu EGYnpwtutpghwjh
whywjhu ptrutph W npwyh Jwuhu (RGwyunnhy
hgnnpntpjnitu W wjil):

nuph niinpwédwjuwihu hwoyhsp (nyntpw2wnd)

ogunwlywp E, Gpp dhpudwé Swhuuwswihh pw
gwywjniejwl wwjdwuutpnid wuhpwdtwn E

0,, CO, SOy, NOy), wjndwlu wpnyntuwytwnnie)nil, @3 W 33 hwdwlwngbpnud ElGYwnpwEuGpghwih hhduwlywl ywpwdGwnpbn [fwpnid,
hnuwlph nud, hgnpnipjwl gnpéwyhg, wywnhy, nEwywnhy tubpghwu, Eubpghwih uywenwd (Ydind), hwdwhiwywunientt W wyu],
pwgh EEYnpwywlhg Ywl bwl wyp Ywplnp wwpwdGuptp, ophuwy® ywnnywn/pnwt, onh wpwagnieiniu, wndniy W yhppwghw, thnnt
pwlwyntejnil, pH, pwgwpéwy funbwydnieiniup W wyil:
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thuntd swthG] punnnywyutpnud oph hnupp: LEpuh onnwd funuwyntejwl Wwnnibwynieintup hne-
2nud EonwthnpudwU pwywpwn huGntdwuhu:

tpdwgntjgn Ywd hudpwwnpdhp inbuwhughyp uh uwnp £, npu hudpwywndhp éwew qujrltnph
dhgngny wwwnytpubp £ unbnénud wjuwbu, huswtu undnpwwl nGuwhughyp' tnGuwubih (nLuh
oqunipjwup: Epdwhwnnpnwywuniejwu gnpéwygh swihdwl uwnppp npnanud £ eGdwdtyniuhg
Ujntetph oGpdwhwnnpnuywunieintup b gGpdwihnpuwlugdwUu nhdwnpnipiniup (hhduwywunwd
oguwagnnéynid £ jwpnpwwnnp wwjdwuubnned) W wjiu:

Uinnpl ppJwé E EuGpgbuinhy wninhnph dwdwlwy yhpwnynn hhduwywlu gnpdhputph gwuyp
uy. 11):

Swunpnipjntl. EuGpguwwpyynibwytnnipjwl bwywwwlubkppu dqunbp puwy hwpdwpwybwnne-
pjwl ywjdwuubph yuwnpwpwgnid sh Gupwnpnud:

Swunpenipjntt. Swpnwpwybunnipjwlt b 2hbwpwpnipynitt Iwjwunwuh wqqwhu hwdwjuw-
pwuh EuGpquwpynibwybnipjwl jwpenpwwnnphwl ntup LY. 11-nud U24wéd gnpdhpubphg W uwp-
pwynpnidubphg 2wwnbpp: Lwpnpuwwnnphwb unbnéywé Ep b ghujwé uwppwynpnidutpny «GEu-
ptpp EuEpgbnhYy wppyniuwytunnipjwl pwpdpwgnid» UU26-QED dpwagph 2pgwlwlyned:

A compact, maintenance-free Undywywn, nbthuupywywl vwwuwpynd suyyw-
portable heat meter is used for hwugnn wpdwywl gGpdwihu hwyyhsl ognw-
heat, cooling, and combined heat/ gnpéynwd £ hwdwwwwnwuhuwl gepdwunmhdwlh

U gGpdwyph hnuph dhgwlwjpnid (2GUph wninh-
nh hwdwp pwdwpwp wywpwdbnptbn) gpwjhu
2npwlwnniejwdp w2uwwmnn pninp hwdwywn-
gbpnd® 9Gpdnipjwl, uwnUnipjwl W hwdwyg-
Jwé ebpunipjwl/uwnuniejwl swihndubp Yuw-
wmwnbint hwdwn: Pwnyugwé £ hwadhshg, nip-
npwawjuwhu uygpnitupny whuwwnnn wnwlg
hwyJwU hnupp swihnn uwpphg W 9gEpdwuwnhdwuh
Gpynt inyhgubiphg: Stnwnntip, gniguniup ytng-
UGp W uinnigbip hE2nnipjwdp E Ywnwnyned:

cooling measurement in all water-
based systems. It can measure
respective  temperatures, and
heat carrier flow rates (parame-
ters for a building audit). It con-
sists of a calculator, a non-con-
tact flow-measuring device which
uses ultra-sonic principles and
two temperature sensors. It is
simple to install, read and verify.

A gas analyzer/combustion ana-
lyzer has in-built chemical cells
which determine the concentrati-
ons of combustion products (usu-
ally CO2, CO, Oz, NOx and SOx)
and the temperature of flue gas.
Gas chromatography has emerg-
ed as the most popular technique
(dissolved gases are identified
and quantitatively determined).
Good combustion usually means
high CO,, low O3, and little or no
trace of carbon monoxide (CO).
Calorific values of common fuels
are fed into the microprocessor,

Quah wuwihquunpp Ywd wjpdwlt wuwihqw-
wnnpu nLtuh UEpYwnenigwd phdhwlwl pghoubp,
npnup npn2nd GU wjpdwl wpqwuhpubph pw-
nwnpncentup [unynpwpwn CO2, CO, Oz, NOx L
SOx] W Shuwquwqgbph gGpdwunhdwlp: Ququ-
ppndwwningnwdp wdbbwhwjnup nGrubhywywu
Uhgngu t (hwjinbwpbpnid £ tnwppwintéywd qu-
qbpp L npn2nud npwtg pwlwywywl hwdwdwu-
Untejniup): Lwy wjpnudp undnpwpwn Lpwlw-
ynwd £ wéhuwsuh Gplyopuhnh (CO2) pwpén ww-
nntuwynienil, gwén prywsdhu (O2) L wshuws-
Uh opuhnh (CO) pwgwywjnipiniu: Unynpwpwp
ogwnwagnnpéynn Jwnthputph wnbuwyutph 9kp-
JwwnynipjwU inGuwlwl wpdbputnp Untinpwagn-
ynwd GU Jhypnwypngtunnph Jte, nnp hwdwnynud

which calculates combustion effi- E wjpdwU wpnnibwybunnieiniup: Unynpwpwn
ciency. The analyzer box is usual- wlUwhqwuwunpuGpp ntUGU gwihdwl nyjwiubnh
ly equipped with a control unit gntgwnpdwu huwpwynpnipinil, Ywhwynpwd
that displays measurement data, GUu  Ywnwdwpdwl uwppny, UGpYwnnigywéd
has a built-in printer, etc. nwhsny W wyjpl:

The photo to the right is of inter- Lbppht W wpwwphu gEpdwumhdwl (Ywd gbip-
nal and external temperature (or dwunhtwl U onh hwpwpGpwlwl funbw-
temperature and air relative humi- ynipyntl) swihnn, gpwlgnn nynipwyhp uwnptp
dity) recording portable devices. i (lngGputp), wEnwnpdynwd Bu 26LUph puwywpwl-
Data loggers are installed in the HH uGpnud W wpunwphu Jhewdwjnpnud: Updwlw-
building’s apartments and outside gnywd wnyjwiubpp npwtu hhdp GBU  oguw-
surroundings. The recorded data gnpéyntd npnwyh wnwpwépubnh, ubbjwyutknh,
is used as a basis for calculating o : pUwywpwuubph L 26Uph Utpuh onh gGipndwuwnh-
air temperature, in particular spa- - dwup, onh hwpwpbpwywl funuwynieintup W
ces, areas and rooms, inside [ gnnh  Ubwnh eGpdwunhdwlp (hhybwywunid
apartments and the building as a gpwlgynid GU punn punpniejwl) hw2dwnytine
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whole. The relative humidity of air
and dew point temperatures regis-
tered selectively. The averaged
data collected through those devi-
ces and their graphical represen-
tation are broken down by apart-
ment, space and area for analysis.

Acontactthermometeris athermo-
couple that can measure flue gas,
hot air, and hot-water temperatures
through the insertion of a probe into
the stream. For surface tempera-
ture, a leaf type probe is used. A
thermocouple is a thermoelectric
device-asensorformeasuring tem-
perature. It consists of two dissi-
milar metals joined together at one
end. When the junction of the two
metals is heated or cooled, a vol-
tage is produced that can be cor-
related back to the temperature.

Infrared thermometers measure
temperature using blackbody radi-
ation, generally infra-red, emitted
from objects. They are also some-
times called laser thermometers (if
a laser is used to help aim the
thermometer) or non-contact ther-
mometers (to describe the de-
vice’s ability to measure tempe-
rature from a distance). It is very
useful for measuring temperature
under circumstances where ther-
mocouples or other probe-type
sensors cannot be used or do not
produce accurate data.

Air temperature and non-contact
surface temperature can be mea-
sured simultaneously using one
instrument. For instance, the sur-
face temperature of a radiator
can be easily compared to the air
temperature in the room.

A thermograph is a building ener-
gy auditing technique for locating
areas of low insulation and air
leakage in a building envelope,
using a thermographic camera.
These tools see light that is in the
heat spectrum. Images on the vi-
deo or film record the temperatu-
re variations of a building's skin,
ranging from white for warm regi-
ons to black for cooler areas. The
resulting images help the auditor
to determine whether insulation is
needed. They also serve as a qu-
ality-control tool to ensure that in-
sulation has been installed cor-
rectly.

T ey
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hwdwn: Wu vwpptph Jhgngny hwjwpwagnpywé
nyjwuGpp  Jhgohtwgynd Eu, Ywquynwd Gl
nhwug  gpwdhjwywl  wwwybpubpp  pun
puwlwpwuutbnh, 2GUptph, wwpwéplUtph L
Gupwpyyntd hwutdwwnwlwu ybniniéniejwl:

Ununwywnwihtu gEpdwswihp Jh ptpdngnyq E,
np hnuph JdGg qnun Jwngubint uhongny wpnn E
swihtl  Sluwquatiph, wwp onh, wwp g¢nh
stpdwunhdwuutpp: Vwytptuh eEpdwunphdwlhp
hwdwp Yphpwnynd E Unyu qgnpShph ypw
nbnwnpywdé mGplwudwu gnunp: Gpdngnigp
stpdwumnhdwuh  swihdwl  hwdwp  Lwhiw-
nGudwéd  gbpdwE Gyunpwlywu  uwpp E Wl
pwnluwgwé E UGy dwypnud hpwnp Jhwgnn Gpynt
nwpptp  JGwnwnubphg:  Gpynt  JGunwnubph
Jhwgdwl yEnh wnwpwgdwl Ywd uwnbgdwl
ntwpntd (wpnwd E wnwewuntd, npp Yunbh £
yGpwék| eEpdwumnhdwuh:

hubpwlwpdhnp gtpdwswihtpp swthnud Gu ebpd-
wuwnhdwup' ogwagnpédbiny pwgwpbdwly ul
Jwpuuh Swnwgw)jpnidp’ unynpwpwn wnwnlw-
utphg wpéwydwé hudpwywpdhp Gwnwgu)re-
Utpp: Ywlp GppbUdl Lwl jwgbpwjhUu stpdwsw-
thGp GU Yyngynid, pwluh np gtpdwswihny Upwl
prUGnt hwdwnp (wqbp £ oghwgnpéynd Jud
yngynid GU ng ynunwywnwihu eEpdwswhtp, npp
Upwlwynwd E, np uwppp huwpwydnpnientt ntup
stpdwuwnhdwlup swihb, hGnwynpnigjwl Jpw:
Mwlp hwnyuwwbu ogunwywnp Gu, Gpp gEpdwu-
nhdwuh gwihnudp Ywwnwnynid £ wjbwhuh wwj-
Jwuutpnwd, npwntn Jh 2wpp wwwmdwnubtpny
prGnUngnigp Ywd wjp inGuwyh gqnunwjhl ndhg-
utp huwpwynp ¢£ Yhpwnb) Ywd npwlp G2anhin
wnyjwutn s&U nwihu:

Onh gbpdwunhdwlh W Jhwdwdwluwy, Jw-
yGnpGuh gGpdwumnhdwlh ngynunwywmwihu  jw-
thnd® UGy gnpsdhph dhgngny: Ophuwy® nwnhw-
nnph JwyGpbuh gEpdwuwnhdwup ywpnn £ Jhw-
dwdwuwy hGunnipjudp hwdtdwnydb) ubujwyh
onh eGpdwuwnhdwlh hGwn:

Qtndwagpwdhwl 2EUpLph EuGpgbwnhy wninhwnh
dwdwuwy Yyhpwnynn wnbhruuninghw E, npp otip-
dwgntjg fughyh uhgngny 26Uph wpwwpht ww-
nnn  Ynuunpniyghwubpnud  hwjnuwptpnd £
dJwwn gGpdwdtyntuwgnd W onh wpwwhnup
ntubgnn hwwndwdéubpp: Wu gnpdhpubpp wnbu-
unwd GU gGpdwjhu uwbywnpnd gunynn |nLjup:
SGunnwywl wwwytpubpu wpéwlwgpnd Gu
26Uph wpwnwphu Jwytplnyprh gtpdwuwmhdwuh
mwwnwundubpp® uyuwé nmwp dwubpp ywwn-
ytpnn uwhwnwyhg' Uhugle wybih uwep Jwuknp
wwwnytpnn ult gnyup: Unwgywé ywinykpubpu
wntnhnnphu oqunid GU npn2GnL gEpdwdtyne-
uwgdwl wuhpwdtwnnientlp: HYwlp Lwl 6w-
nwjntd  GU npwbu npwyh YGEpwhuynnnipjwlu
gnpSdhpubp U wwwhnynd GBU dBynuwgdwl
w2fuwwnmwlpubnh ywwwd hpwlywuwgnudp:
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A blow test (a measuring instru-
ment for “air tightness” of build-
ings) is used to detect heat losses
and air leakages through defects
in building envelopes. Such air
leaks appear as black streaks in
the infra-red camera's images.

A fog machine (a handy, compact
battery-driven  fog  generator)
helps reduce energy costs by find-
ing energy leaks in a building. It
uses a visual tool to identify prob-
lem areas in a building and uncov-
er hidden leaks (heat leakage
around drafty windows and doors).

A lux meter measures illumination
levels. It consists of a photo cell
that senses light output, and con-
verts it to electrical impulses that
are calibrated as lux. Lux (sym-
bol: Ix) is theunit of luminance.
llluminance is a measure of how
much luminous fluxis spread over
a given area. A given amount of
light will illuminate a surface more
dimly if it is spread over a larger
area; therefore, luminance (lux) is
inversely proportional to area when
the luminous flux (measured in
lumens) is held constant. One lux s
equal to one lumen per square me-
ter (11x=11m/m?).

A manometer is an instrument
that measures pressure. The dif-
ferrential pressure meter is ideally
suitable for pressure measure-
ments from 0-100 hPa (hectopas-
cals are equivalent to millibars). It
is used while adjusting gas hea-
ters, etc. Differential pressure is
the difference in pressure bet-
ween two points.

Air velocity meters, commonly cal-
led anemometers, are used to me-
asure the speed and/or volume of
air movement. Typically, anemo-
meters are used in weather stati-
ons to determine the speed of
wind. However, anemometers are
also critical instruments for appli-
cations such as balancing forced-
air HVAC systems, ventilation-sys-
tem analysis, aerodynamics test-
ing, and fume hood veryfication.

A thermo-hygrometer is simply a
device that measures the humi-
dity of a room. The ability to regu-
late humidity is vital in museums
for preservation, etc. The device
is small and portable, and is de-
signed for fast, accurate and sta-
ble measurement of dew points,
relative humidity, and moisture
concentration.
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Onh wpwwhnuph rGunn (QEUph onwpewthwlgt-
Lhnieyniup  swihGnt uwpp), oghwgnpédynid E
npwbu 26Uph wpunwphU wwwnn Ynuuwnpniygh-
wutphg ¢6pdwjhu Ynpniunubpp W onh wpunw-
hnupp hwjinuwptpGnt gnpéhp: Onh
wpwnwhnupp  hudbpwywnpdhp  fughyh  Ypw
wwuwnybpynid £ ule pdEph inbupny:

Uwnwhuntn wpwnwnpnn uwpp (hwpdwp, Ynd-
wwyw, Jwpwnyngny wpuwwnnn), 2tuphg Eutp-
ghwjh wpwnwhnup hwjnbwptptint Uhongny og-
unwd £ ujwqbgut| EuEpghwjh éwhiubpp: Uw Jh
wnGunnwlwu gnpshp E, npu ogunwd E hwjnuw-
pbpty 26Uph fulnpwhwpnyg Jwubpp W guub
wpunwhnuph pwplywd wnpjnipubpp (Wwwnne-
hwuutbph L nnutph 6Gnptphg estpuniejwl wp-
nwhnupp):

Lintpudtunpp/Lniuwswthp gwihnud £ ntuwynpnt-
pjwlu Jwywpnwyp: Pwunugwé £ $nuinnktutu-
inhg, npp npunwd £ wpdwydwé |nyup, wjlu thn-
huwyGpwnwd £ EGYwmpwywu pdwniuubph W
yGpwénud E niputiph: Lyntpup (hwwwynedp® |p)
tneuwynpyuwénipjwl swihh Jvhwynpu E: Lniuw-
Jnpywoénipyniup gnyg £ wnwihu, pE njup tnw-
pwépnid nppwuny £ wnmwpwéwé |nyuh hnupp:
Lnyup ngjw| pwlwlu wybh wnnn £ [nLuw-
dnpnud, Greb wju lnwpwéynd £ wybih uGs Jw-
yepGuph Jpw: Wuwhund, |nLjuh hnupp (wpunw-
hwjinwé nudtuny) wuthnthnfu wwhbne nbw-
pnud (ntuwynpywénep)niup (ynipup) hwwnwpa
hwdtdwwnwywl E JwybptGupu: UBY pynipup
hwywuwp £ UGy ynudGU/JGinn pwnwyniune (1 (p
= 1 ynLd/u?):

Uwundbwnpp Jh gnpbhp E, npp swihnd E
suonudp: Y}hdpbptughwy Unundbwnpp 2w hwp-
Jwnp £ 0-hg Jhugle 100 hMw (hGYunnwwulwip
Jhihpwph hwdwpdtpl E) dupnudp swihGine hw-
Jwn: WU oqunwagnpéynid E ququwjhl gpw-
wnwpwgnighgubpp W wjiu Ywpgwynpbint hw-
dwn: Yhdbptughw| dupnidp Gpynt YGinGph Jhel
dupnudubph tnwppGpnep)nlul E:

Onh wpwquwswthtpp, unynpwpwn, Yngdnid Gu
wubdndBwnptp, Yhpwndnd GU onh wpddwl
wpwgniejntup WHwd dwywip swihGine hwdwp:
WutUndGunptpp unynpwpwn oguwgnpédynid Gu
onGpunipwpwlwywl  Ywjwlubpnud®  pwdnt
wnwantejntup npn26nt hwdwp: Uwlwju npwlp
2w wuhpwdtywn gnpéhputp GU Lwl, ophuwy’
930 hwdwywnpqgbpnd dJnynn onp Ywpguw-
JnnpGnt, onwthnpudwl hwdwywpgbph yGpine-
onLpjwl, wbpnnhuwdhy thnpdwpynwdubph W
Shuwwnwnh unnigwl dwdwuwy:

fetpdn-ghgpndbinpp wwpqwwbu JUh uwpp E,
npp swihnud £ ubUywyh punuwyntpniup: lunuw-
ynipyntlp wpgwynptine nibwynieintup y&u-
uwlwl  Lpwlwynipintt  ntuh  gnigwhwlnbG-
uwjhU/pwlugwnpwlwjhu  Udnubph  wwhwwl-
Jwl dwdwlwly: Uwppp pwwlwl thnpp £ L
wndwlwl, bwhiwwnbujwé £ gnnh Ybwnh, onh
hwpwpGpwlwlu funuwyniejwl W funbwynipjwlu
pwnwnpnipjwl  wpwaq, &2gphn L Juwyniu
swithnudubn YwwnwpGne hwdwn:
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Laptops with the right software
can store the data logged by
measuring devices.

Laser distance meters are used
for distance measurements
(mainly building envelope ele-
ments). Advanced options are
available: stake out, enhanced
pythagoras calculation for deter-
mining distance indirectly from
three other measurements, au-
dible keypad feedback, storage of
the last twenty measurements,
etc.

Electrical Measuring Instruments
(voltage meters to 1000V; pliers
clamp the multimeter, AC analyzer
of quality of electrical energy) for
measuring major electrical param-
eters such as kVA, kW, Hertz, kVAr,
Amps, Volts, Ohm etc. These in-
struments are applied “on-line”,
i.e. while motors or items are run-
ning - there is no need to stop them.
Instant measurements can be tak-
en with hand-held meters, while
more advanced meters facilitate
cumulative readings with printouts
at specified intervals. These in-
struments are required for industri-
alenergy audits.

Energy Savings Performance Contract
(ESPC)

ESPCs have been introduced to many coun-
tries to help address some of the more diffi-
cult issues associated with facilitating ener-
gy-efficiency investments.?> ESPCs are
agreements between building owners and
energy service companies (ESCOs), special-
ized companies that can conduct energy au-
dits, identify improvements, and finance and
implement their recommended improve-
ments in return for financially benefitting
from the energy savings for an agreed peri-
od of time.

ESPCs allow for the outsourcing of an entire
energy-efficiency project, from development
and financing to implementation and moni-
toring. This allows building owners to reap
the benefits of energy efficiency without the
hassles of completing each step of the pro-
ject on their own, with multiple procurements
that take months. The ability of ESPCs to

Quithhg uwpptiph Ynndhg gpwugdwé ndjwibnh
yninwydwu b hwdwwwwnwuppwl dpwagntpny

hwabgywé mynipwyhp hwdwwnghg:

LwgbpwjhUu hbnwswih, bwpwwnbujwé £ hhduw-
ywuntd 26Uph wpunwphU wwwnnn Ynuuwnpniygh-
wubph wnwnpptph hGnwywnwywnpdwdp swithw-
gnpnudutp Yuwuwnwnpbint hwdwn: Unwybp junw-
pGlwgnpsywéd Unnbubpu nlubU uwhdwlwqus-
nnn $niuyghwubn, Gpbp wyl gwihnuwdubph hp-
Jwl ypw wuntnnwyhnptU hGnwydnpnip)nilp sw-
thgint hwdwp Ywwnwpnd U Mynipwagnpwuh
puniwjuywd hwpgwpyutbn, nlubu dwjlwnpéwynn
unbnuwwn, ywhwwunwd U yGpghtu puwl sw-
thnudubph nyjwuEpp W wyju:

ElGynpwywl swihhg uwpptp (UnpndGunp® dhugl
10004, EGYnpwlywl wpgwl, B GYnpwywl Eukp-
ghwjh npwyh ®3 wlwihqwunp), npnup Lwhiw-
nbujwé GBu  EGYnpwEuEpghwh  hhduwywu
wwpwdBwnnptnp swthbne hwdwp, npnup BU' Y4,
yduwn, 36ng, Y4Un, Uwdtn, Unpin, Ohd W wjiu: Wu
gnpShplubpny  swihnwdubpp  Ywwwpynud  Gu
2wndhgutiph dhwgywé ntdhunwd® wnwlg npwlp
wlpwwnbnt wuhpwdtunnipjwl: UYlupwnrwihu
swihnedutipp upth £ yuwnwnt) dGrph gnpshp-
utpny, huy wybh ywwnwnpbiwgnpéywé uwpptpp
Uwhiwwnbuynwd BU npn2wyh wwppGpwywunt-
pjwUp yntinwlwihu wnyjwiutp gpwugbint W
nwwanpbnt hwdwp: Wn gnpdhpubpu wybh ww-
hwUoqwé GU  wpryntbwpbpniejwlU  npnpunincd
EuGpgGunhy wninhin hpwlwuwgubnthwdwn:

Eutpqwpubwjnnnipjwl ywhwlugubph
Juwunwpdwl ywjdwluwaghp (ElMYM)

ErMUN-U ubpywjwgyty W hpwywlwgyb) E
pwquwpehy Gpyputpnud, wwjdwluwahpp Yng-
Jwé b uwpqwynptp, L myniphUwglbp Eubp-
guwuwpnyntuwybunniejwl UGpnpnudutph Jwuwngb-
Lthntpjwl htwn Yuwwywsd wnwdtb pwpn fuunhp-
utpp:#? EhMUMN-UGpp  hwdwéwjUwagptn G,
nnpnup Yupynid Gu 2GUph uGthwywlwwnbntph L
EuEpgGunhy Swnwjnipntlutp Jwwnnignn puyt-
npniejntulbph (EOULC) dhelw: dbpghuubpu Jwu-
bwghunwgywé YwaqdwybGpwniejniuubpn &L,
npnup Jwpnn GU hpwlwluwgut] Eutpgbunhy
wntnhw, y6p hwut] EuGpqupubw)nnniejwl wn-
yw LUwhiwnpuwiutpp, $huwltuwynpty W hpw-
Ywlwgubl, hpGughuy Ynndhg wnwgwnyynn
pwnbGwynwdubpp, hGnwwunGiny Qwhnype’
EuEpgqwhulwjnnnipjwl  2unphhy  wnwowgwé
Shuwluwywlu ognuinubphg, hwdwéwjubgywéd
dwdwlwlywhwwnywsdh pupwgpnty:

EruMUN-p huwpwynpnipintt £ wnwihu Eubp-
qwhitwjnnnipjwl  dpwahptu  wdpnnenipjwup’

22 \World Bank, Public Procurement of Energy Efficiency Services, Lessons from International Experience, Washington, D.C.: Energy

Sector Management Assistance Program, 2009.

Eubpquuwpnjniiwybnnipjwl wbEnwlwl qunidutp, Ywubp dhswgqqwihu thnpéhg, EupgGnhy ninpunh yunwywnpdwl wewlygniejwu

Snwahn, Yw2hugwnnu, 3R, 2009
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offer off-budget financing and “pay from sav-
ings” makes the mechanism even more at-
tractive to public agencies that have little or
no discretionary budgets and a very low tol-
erance for risk.

An ESPC involves a range of services relat-
ed to the implementation of energy-efficient
products, technologies, and equipment for
energy consumers or other beneficiaries.
This can apply to any sector.

Compensation for services is paid by the
host facility out of the monetary savings that
result from reduced energy consumption. In
many cases, the compensation is contingent
upon demonstrated performance (energy-
efficiency improvement or some other
measures of performance), thereby creating
a system where the services and equipment
can be paid out of actual energy cost
savings.

An energy audit is an important first step in
the ESPC process, as it represents a way to
assess how much energy a facility con-
sumes, determine whether or not cost-
effective energy-efficiency options exist, and
identify which systems merit more detailed
study.

Measurement and Verification (M&V)

In fact, building energy savings (a quanity of
saved energy) cannot be measured, since
they represent the absence of energy use.

Instead, savings are determined by compar-
ing energy use before and after the installa-
tion of conservation measures, making ap-
propriate adjustments for changes in condi-
tions.

The “before” case is called the “baseline”.
The “after” case is referred to as the “post-
installation” or “performance period”. Proper
determination of savings includes adjusting
for changes that affect energy use, but that
are not caused by conservation measures.
Such adjustments may account for changes
in weather, occupancy, or other factors be-
tween the baseline and performance peri-
ods.

M&YV is the single-most important item in an
energy-savings guarantee. Since the M&V
approach calculates and documents energy
savings, it is one of the most important activ-
ities associated with implementing an ESPC.

Jowyndhg nt $puwuuwynpnidhg dhugle hpw-
ywluwgnwd nvL dnUuhpenphluq, wwwyhnptp npup
puytpnipywu. Wu JdGhuwuhqup enyyp £ wnwihu
2whwnnt YuwagJdwybpwniejwlup ogniwinubp pw-
nG' wnwug Ywoywunytint Spwagph jnipwpwlg-
|nLp pwju hp ubthwywu ndtpny Ywuwnwnptinig,
nph nGwpnid Upwup hwwpu pwiuynid GU pwq-
Jwprhy pwpnnipjntubtbnph, Jwulwynpwwbu,
wuhuutp wnlinn qunudubph pupwgwywngbph
hGwn: ElvMUM-h Ynnuhg pudbnnn wpunwpniet-
inwhu huwltuwynpdwl b «EuGpqwpibwin-
nnLejnLtlutnhg Jdwptinwy huwpwynpnipjnitul
wjn JGhuwUuhgquu wybh gpwyps E nwpbduncd
wGwnwlwu Jwnpdhuutph hwdwp, npnup ubthw-
ywu hwjbgnnnipjwl pjnet Jwd gnlutu, Yud
wju 2wwn thnpp £ W nhuybph Uywundwdp Upwlg
hupuncpnijuncpyniup 2wwn gwon k:

EruMUN-U UGpwnnd E EuGpgwwpnnibwybun
wpwnwnpwuputph, wnGuuninghwubph W uwn-
pwynpnudubph hpwwlwgdwl hGn juwdwod
Uh 2wpp Swnwjnipjnitblutp, npnup Jwunnigynid
GU pninp ninpnnutph EUGpgwuwwnnn uquw-
yGpwnrpynLtuubphtu ywd wyj 2whwnnlutppl:

Uwwnnigywéd dwnwjnipintbutph hwdwn 2whw-
nnL yuwquwytpwnipjwlp Jdwpned E EUGpghwjh
uwwndwl Yypdwwndwl wpnyniupnid wnwow-
gwdé npwdwlwu pulbwjnnniejntlutphg: Cwwn
nGwptpnud thnfuhwwnnigndp ywhujwé £ Eukp-
gwuwnpryntbwyGunneejwl pwpbwydwu Yuwd wyp
dhgngwnnidutph gnpdUuwywu gnigwnpnidhg
npwuny huy unbnétind vh hwdwlwng, npnkn
Swnwjniejniuutph L uwppwynpnidubph hw-
dwp Jwptlh £ Jowpt) EuGpghwih thwuwnwgh
Swhuubph pubwjnnnie)nLuutnhg:

EuGpgGwnhy wninhnp ElMYN-h wnwehu Yuwnp-
wnp pwju E, npp quwhwwnnd £ hwunwwnnt-
Rjwl Ynnuhg ogunwgnpéynn tutipghwjh pwlw-
yniejniup, npnanid £ Swhuuwnnnibwybun Eutp-
quhilwjnnniejwlu Jhgngwnnidubph wnywjnt-
pintlp Ywd pwgwyuwjnipintup b pwgwhw)-
nnwd £ 2GUupnd wnyw wyblh Jwupwdwul
ntuntduwuhpniejwlu wpdwuh hwdwywpqgbpp:

Qwithnud b hwywuwnnud (2 L 3)

Ctupnud  thwuwnwgh Eubpgwhilwnnnientup
(uwywé EubEpghwjh pwuwyniejniup) npwbu
wnwhupu ¢h wnnn swhytl, pwuh np wju hpk-
Uhg UGpywjwgunid £ EuGpghwjh uwywndwu pw-
gwlywjnn pwlwynrenLlu:

®dnhuwntup EuEpgwpiLwnnnieintup npn2ynwd £
EuGpghwih  uwywndwl  pwlbwyniejntulutph
mwppbpnipjwdp’ dhugl EUU hpwwlwgnidp L
hGwnn, hw2dh wnlbGny hwdwwwunwupuwl
wwjdwlutnh thnthnfunte)nLuutpp:
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General Equation Used to Calculate En-
ergy Savings

Savings = (Baseline Energy — Post Instal-
lation Energy) - Adjustments

Typically, the baseline and its physical con-
ditions are determined by the ESCO during
the IGA through surveys, inspections, spot
measurements, and short-term metering ac-
tivities.?

NOTE: After an EEM has been implement-
ed, one cannot go back and re-evaluate the
baseline. It no longer exists! Therefore, it is
very important to properly define and docu-
ment the baseline conditions.

BUILDING CERTIFICATION

Building energy-performance certificates
were introduced in Module 3; nonetheless,
some additional issues in EU countries re-
garding certificate types, design of a rating
scale, price, cost and validity, etc., will be
briefly discussed in this section.

Different types of certification are possible:
asset rating/operational rating (calculated
versus metered); ratings of buildings can be
based on energy consumption, primary (fos-
sil) energy, or on CO, emissions, etc.?*

Calculated energy consumption versus me-
tered

Certification of new buildings is different
from existing buildings because certification
will normally take place before the building is
occupied (and definitely before the building
will have been used for a long time); there-
fore, there will be reliable data on energy
consumption. Additionally, new buildings will
usually be well documented in terms of
drawings, prints of drawings, etc.

«UhUsl EUU» lnwppGpwyp Ynsgynid £ pwquijhl,
huy «EUU hGwnn» wnwpptpwyp yGpwptpnud £
LUwhiwwmBulwéd dhgngwnnidubph hpwywuwg-
Jwlp hwegnpnnn puntpwanhl:

EuGpgwpulwjnnniejwl hunwy npnonudp UGpw-
nnid £ 62gpunnidutp’ hwdwwwnwuhiwl wwj-
dwuutph thnthnpunipyntuutn, npnup EUU hpw-
ywluwgdwl wpnnitup $6U, uwyuwju wgnnid Bu
EuGpghwh uywndwUu Yypw: LJwu 6G2gnpunnLd-
ubp wpnn Gu (phub] Gnwuwywwhtu wwjdwl-
utpp, hwuwnwwnipjwl gqpwnbgwoénieinlup
ywd wj gnpénUlbp, npnup h hwn Bu GYGL
«dhbugl EWU» W «EWU hGEnn» dwdwlwlwhwn-
Juonid:

2 W 3-p EuGpgwhibwjnnniejwl  Gpwhuhph
Jdhwy b wdGuwlwplnp gnpéwnnypl E: Bwuh
nn 2 W 3 Jnnbgnuwp hwdwpynd W thwu-
nwpnrwynpnid £ EuGpghwjh ibwynnnieyncup,
www nw ENMYN hpwlwlwgdwll wnlgynn
wnwyb| ywplnp Jhengwnned E:

Eubpqupuliwynnnipywll hupdwnplydwl  hhu-
Uwlhwl pwlidlp.

EuGpquwfuliwynnnupynill = (pwquypli FLEp-
ghw - Fubpghw EUU ppwlwlwgnidhg
h&wnn) - Dpgpunnidubn

Undnpwpwp, pwquwjht wnpdtpp W pwqujhu
wnpdtph $hghywywu wwjdwuutpp npnaynid
Gu EOSUC ynnuhg nruntduwuhpniejnibutph,
uinncgnidubnh, punpwlupwiht swihnwdutph W
Jwpdwdwdybn hw2dwndwl Jhegngwnnidubp
Yhpwedwdp, LUU-h dwdwlwy:*

Swunpnipjntt.  EUU  hpwlwlgubing hGwnn
wUhuwp £ G quw] b yepwglwhwwnbp puqu-
Jhu wpdtipp: Uju wjleu gnynipyniu gntuh: Arunh
2w Juwplnp £ 6h2unn uwhdwubp b hwunwpen-
pwynpt| pwqwjhlu wpdtpp b Wwjdwulutpp:

GGLLh UGrShdhuusSnru

ctuptinh tutpgbwhy punipwantnh utpinhdh-
wgnuwdp uGpywjwgywé E  Unnniy  3-nud,

% Deciding what needs to be monitored (and for how long) depends on factors such as the complexity of the measure and the stability of
the baseline, including the variability of equipment loads and operating hours, and the other variables that affect the load. The M&V plan
is a document that defines project-specific M&V methods and techniques that will be used to determine savings resulting from a specific
performance-contracting project.

¢t h’ug £ wbwp donwnhunwnytp (L nppwU dwdwlwyny) Ywhuywé b wjuwyhuh gnpénulbphg, hugwhuhp U swithnudubph pwpnnt-
pintup U pwquwjhlt wpdtph Ywjniunipiniup, wjn pynd” uwppwynpnidubph pbnUujwénipiwl W wphuwnwlph dwdtph thnthnpuwyw-
Untpyniup b wyn pGrUujwénipwl ypw wgnnn wjl thnthnpuwwuutpp: 2 W 3 wiwup dh thwunwppnine £, npny uwhdwuynid £ nyjwy
Spwagphu hwwney 2 W 3 wjl UGnnutpu nt hbwpputpp, npnup Yhpwneybint U nyjw| Eubpgwhilwnnniejwl ywhwugubph uwnwnp-
Jwl ywjdwluwagnhg wnwowgnn fulwjnnnieintultnp npn2Gint hwdwn:

% This section relies heavily on “Detailed Report on Certification” Concerted Action, Supporting Transposition and Implementation of The
Directive 2002/91/EC CA — EPBD (2005 - 2007) Detailed Report on Certification, funded by the Intelligent Energy Europe Programme of
the European Published 2008.

Uju pwdhlup dGbwwbu hhdugwé £ hbEnlyw) Ujniebph dpw. «UGpinhdhjugdwl Jwlpwdwul qbyneg» Iwdwéwjubgywséd gnpénnnt-
pjnLu, 2002/91/EC CA — EPBD (2005 — 2007) nhptywnhyh dnnwpydwu b hpwywlwgdwl wowygniejwl Uepunhdhywgdwl Jwupw-
dwul qbynijg, $huwlwuwynnywsé £ GYpnuywywt vbjwgh EuEpghwih dSpwanh Ynnuhg, 2008p.:
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The best solution for small residential build-
ings is calculated energy consumption - the
behavior of an individual family could have
too large an impact on any operational
(measured) rating. Indeed, the aim of certifi-
cation is seen as a means to certify build-
ings, not the behavior of the present
occupants of these buildings.

For large non-residential buildings where
changes in behavior are not so dramatic,
energy consumption will, to a large extent,
be driven by heating, lighting and applianc-
es. Data collection for the calculation of en-
ergy performance can be substantial in this
case.

Many countries base non-residential building
calculations on metered consumption (oper-
ational rating), or at least allow this option.

Calculation rules vary depending on building
type. Similarly, some EU countries will give
both calculated and metered consumption
values, typically normalized to normal use
and conditions, while other countries have
chosen to adopt only one of these values.

Some countries have included CO, and oth-
er GHG emissions in certification.?®

By the time of construction or at the plan-
ning stage?

The EPBD requires that buildings be certi-
fied by the time of construction; however,
the exact time for certification is not speci-
fied. If certificates are issued at the project
stage, the chances to directly influence
buildings’ energy performance are high; en-
ergy certificates at the end of construction
can mostly be used to ensure compliance
with building codes.

wjuntwduwjuhy, GU wunwd Gpyputph npn
punhwuntn, hhduwywu W hGwnwppphp puunhnp-
utn, npnup JGpwpbpnud GU ubGpinphdhlywnh
4uhu, uwunnwyph adLwynpdwlup, quhl, wpdt-
phu, JwyGpwywlunipjwl dwdybGwnphu W wjl,
hwyhpt Ynhnwnpydtu wju pwduncd:
Ruwpwynnp U uGpunhdhywgdwlu nwppbp nb-
uwyutkp, pun gniph upywuh2h Ywd gnpéwn-
LUwywu/pwhwagnpddwl Jwpywuhph (hwyydwp-
wjhu Ywd hwpdwnywéd/swhwgpywé), Uhw-
dwdwuwy® 26Uptnh Juwnplywuhop Ywnpnn £ hhdu-
Jwé |hub] uwywnjwé tubpghwjih, wnwelbwjhl
(hwuwén) Eubpghwih Ywd CO,-h wpunwlb-
tnncdutph dpw W wyu:?

Eutpghwjh hw2qwpyuwjhtu uywnenidp® hwywn-
Jwé/swihwgpjwé uywndwl hwdbdwn

unp 2GUptGph uGpunhdhywgnidp lnwpptpdned £
gnjnipintl nlutgnn 2Guptph uGpunhdhlywgnt-
Uhg, pwuh np wju unynpwpwp hpwywuwgyned
E oGUpp puwybgubintg wnwye U, puwywuwpwn,
Jhuslw 26UpEph ogunwgnpéJwl  wpnyniupnid
EuGpghwh uywndwUu JyGpwpbpw) hwyjwuunh
wnyjwiubph Ynnwynwdp: Upnwa Ynnuhg® unp
2Guptpnud unynpwpwn wnyw GU wuhpwdtwn
thwuwnwpenertpp' Lwhuwadkp, gbwanpbp, nww-
gnwé ywwnytpubp W wyju:

RuwytLh thnpp 26UpGph hwdwn (wywagnu (nt-
onudp hhduwywunwd hwdwpynud £ EuGpghwjh
hwowpywjht uywnnidp, pwlbh np wnwabahu
punwlpph Jwppwahép Ywpnn b swihwqulg
JGd wanbgniejnil nllGUw] gwuywgwé 2whw-
gnpoddwl (swihjwd) ywpywuh2h ypw, huy ukp-
nhdpywgdwl Lwwwnwyp nhunwpyynwd E np-
wbu 2tlptiph® wjl ng pRE npwlg Ubpywjhu ub-
thwywluwwntbntnph ywppwagsdh ubpnhdhlywgned:

bunanp ng puwybh 26UpGph nGwpnd, npuntn
Jwppwagsh thnthnpuniejntul wjbupwl £ Ewywl

% |n Poland, a special problem arose because 20% of apartments are unoccupied or unused. Metered data would, hence, be wildly
inaccurate for buildings with many unoccupied flats. There is a substantial variation in the use of “metered versus calculated” throughout
the EU. As an example, Finland and France have decided to issue certificates based on metered consumption for existing buildings,
especially for the public sector, but also in most cases for large residential buildings. Germany and Cyprus have set up a freer choice
between calculated or metered data; both systems with an operational and asset rating will exist side by side for existing buildings. In
Denmark, consumption in large existing buildings (with more than 1000m2) is given as a normalized metered consumption, but certificates
(scales) are based on calculation. Some countries have based certificates on calculation for almost all buildings, e.g. Austria and
Portugal.

LEhwuwnwuntd Qwwn puwywpwulbph sqgpwnbgdwénipjwl Ywd soginwagnpddwl wwwndwneny (20%) vh wnlwalbwhwwinty funhp En
wnwewgb): 3wpyhsubphg unwgynn wndjwiubpp 2w spwlybgwd plwywpwlltp nlubgnn 2GupGpnd wpnn BU UGS ubuwiubph
nbnhp ww: BU Gpypubpnud  hw2dqwpywihtu - wngjwiubph  thnfuwptu  hwpdhgnd  hwpwndwl  dubph  Yhpwnbinigjul  Jbé
pwaUwquunieintu jw: dShujwunhwl W dpwluhwl, ophuwy, npn2tG) GU gnjnip)nLu niutgnn 26UpEph hwdwp uGpunhdhywnubpp tnwg
hwpyhgny hwpdwnywéd uywndwlu hhdwl ypw, npp yGpwptpnud £ hwnwwbu hwupwihu 26uptphtu W, 2wwn nGwptpnid, JGé
puwytih 2EUupbphu: QGpdwuhwlu W Yhwpnup hwpwpywsd Ywd hwpdhgny hwpdwnjwé ndjwibbpnh dholt wybih wqwun punpniejwu
huwpwynpnieintt Bu uwhdwutb] W gnyph Jupywupny Ywd gnpéwnuwywl/pwhwagnpédwl Juwpywuny Gpyne hwdwywpgbpu £
wnlw 26Uptph hwdwp gnyntejntt YntlGUwl  Ynnp Ynnph: Ywlhwjnid gnjnieintt nilbgnn Ut tuptpnud (wybih pwu 1000 u?)
uwywnnudp UGpYuwjwgynd £ npwbu hwpdhsnd hwpdwnwsé Unpdwynpywd uwwnened, uwlwjt ubpnhdphywnlbpp (uwlnnwyp)
hhuuwdé Bu hwagwpyubph ypw: Npn Gpyputp hwdwpjw pninp 26Uptph hwdwnp ubpunhdhywnutpp 2unphynud B hwdwnpyubph
hhdwUu Jpw: Ywug pyned Bu, ophlwy, Ujuinphwl b Mnpunintquihwl:
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The majority of EU countries seem to go for
double certification or post-construction to
check fulfillment of requirements.

The whole building or an apartment?

A key issue has been that consumption in an
apartment or a unit will be dependent on the
whole energy consumption of the building
(for the most part). However, this will also be
dependent on individual circumstances for
an individual apartment. Units in the upper
corner will use more energy than those in
the middle. That said, for apartments, use
will also depend on heating and cooling sys-
tems - are they collective or individual, how
are they designed, and how are the metering
and payment systems for heating and cool-
ing set up?

Different conditions, different users - diffe-
rent solutions

It has been concluded that the apartments
and multi-family buildings are different in
different countries, but that different owner-
ship can have a substantial impact on the
choice of solution. Social housing might not
have the same needs as individually owned
apartments in the same country. Old build-
ings can be different from new ones.

How many rating scales?

Many countries work with only one rating
scale (i.e. a scale that categorizes a building
as, for instance, A for very energy efficient to
G for very energy inefficient). Others work
with one rating scale for residential and
another for non-residential  buildings.
However, other countries are expected to
adopt different scales for non-residential
building types.

Some countries use benchmarks that are
calculated on the basis of building use and
type. These benchmarks are then used to
develop individual scales for individual build-
ings, based on a common scale (which can
be the same for all non-residential build-
ings). This is the case in Spain and in the
UK.

In some countries, certificates can be based
on either metered or calculated consump-
tion.

sE, huy EuEpghwjh uwywnnudp UGdwwbu wwij-
dwuwynpywé E gbnnigdwl, [nuwydnpdwlu b
wj| uwppwynnpnidutph wouwwnwupny, Eutpgt-
inhy gnigwupputph hw2qwnpydwu hwdwp Jwu-
pwdwul nyjuiutph hwywpwagnpnudp ywpnn £
6h2wn |nLénd hwunhuwlwi:

Rwunywwbtu ng puwyth 26Uptph nEwpnid hw)-
dhsnd  hw2dwndwé wndjwiutph  Jnuinbgnudp
(gnpéwnuwywl Jwpywuh?) ppwywlwgynid E
pwywywl 2wwn Gpyputpnd wd npwlup wnu-
qwql pny GU twhu wju nwppGpwyh Yhpw-
nnidp:

Rwodwpydwl  Ywunuubpp wwppbp  wnbuwyh
2tuptph hwdwp Unyuwbu wnwppbn Gu: WGwh-
uny, GU npn) Gpyputp punniub] GU uwywndwl
Epynt wpdtpubpu £° hwpdwnpywé W hwpyhsgny
hwoywnyws' ungnpuwpwp Unpdwynpjwé puwn
plwlwunt uywndwl b wwjdwluutph, Jhugntbn
Jjnu Gpypubpp npn2t) GU puwnpbp wyn wndbp-
utphg vhwju JGyn:

Npn2 Gpypubp hpGug uGpunhdhywwnubpnud UG-
pwnnd B CO;, L wy 9Epdngwjhu qugbph wp-
tnwutwnnwdubpp:®

Cuwn 2hbwpwpnipjwl, L’ Uwhiwgswjhu thnt-
Lned

CEUN-p wwhwugnd E, np 2G6UpLpp GUpwyw GU
uGpunhdhywgdwl hbuwpwnpnipjwl  thnepned,
uwlwjl uGpnhdhywgdwl ynuyptwn dwdybun-
utn sh uwhdwunwd: GrE uGpunhdhluwuwnp npyh
Uwhiwgéwjhu thnynwd, www 26Uph  Eubp-
gwuwnpryntbwyGunneegjwl  Jnpw  nunnwyhnptu
wannn thnthnpuniejntbutph hwyjwlwywunt-
pinLtup UG6 Yhuh, Jhugnbn 2hUwpwnpniejwl
wywnwnhl inpynn EuGpquwpnntbwybunnipjwl
uGpinhdhywwnp Ywpnn £ jwywagnyuu oguw-
gnpéytl 2hbwpwpwywlu Unpdtphu hwdwww-
tnwupuwuncentup hwywuwnGint hwdwn:

GU Gpypubph JdGdwdwulniejniup wwhwllb-
nh Ywuwwnpnudp unnigbint bywwnwynd, Ywnp-
66u pehL, qunud E, wjuwbu Ynggwd' Ypyuwyh
ywd 2huwnpwnnipintuhg hGwnn uGpnhdbhyuwg-
JwU nLnnnipjwdp:

Udpnng 26°Upp, pE” plwlwpwlp

Ipduwlwlu puunhpu wjb E, np hhduwywuncd
plwlwpwuh Ywd 26Uph npnpwyh hwwnywdh
ynnuhg EubEpghwjh uwywnndp Ywhiywé £ wd-
pnng 2Guph Yynnuhg uwwnynn punhwuncp Eutn-
ghwjhg, vhwdwdwlwy wjt Ywhjwéd £ Lwl
nyjw] pbwywpwup wd 26Uph npn2wyh hwwn-
Jwsh jnipwhwwnynieniuubphg: SGuph JGpphu
wuyjntunwd ginuynn hwwndjwéutpp wybh 2wwn
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Figure 12. Sample energy certificates for build-
ings in EU countries

BUILDING ENERGY PERFORMANCE

Object: Living house TP

Building address: 5. Jukausko str 17, LT-08234, Vilnius, Lithuania

The building is: R one ore two apariment buildings

Building efective area 399.015 (m?)

Bullding energy performance classification of classes™ Bullding enerygy performance class:
*A class refers 1o a very energy-efiicient buildings, the class G, energy-inefiicient building
Calculating the total energy consumption per square meter of

building floor space: 189.84 K\Whi(m?® = year)

Gas-fired boiler, automatic
The main building heat source
Energy Performance Certificate S‘ AH,P

Brink Top Height Road Dweliing type: Detached house
Mytholmroyd Date of 23 September 2010
HEBDEN BRIDGE 24 September 2010

8790-6121-8830-3027-0826
West Yorkshire RASAP, existing dwelling
149 m?

HX7 5RB

area, energy efficiency

Current Potential
Energy Use 354 kWh/m? per year 283 KWh/m: per year
Carbon dioxide emissions 9.1 tonnes per year 8.4 tonnes per year

gy-efficient products. It's a
t

Saving Trust to provide you with

Page 10f 6

Lwp 12. GU Gpyputpnud 26upbph  Eubp-
guwwpryntbwybwnnipjwlu utpmmhdhlwwmh onph-
bwyutn:

In Germany, this is addressed using a scale,
which is open, like a speedometer. The only
relation is consumption in kWh/m?.

It is commonly agreed that the problem with
scales is not so much a technical, but more

EuGpghw  YuwwnbBlu, pwl  Jdhsuwdwunid
gwnuynnubpp: Ruwlwpwuutph nGwpnid, uw-
ywju, uywnnudp ywhijwé Yhuh bwl gbnnLg-
Jwl W hndwgdwl hwdwlwngbphg, nphwug yn-
lGywnpy Ywd wuhwwnwlwl puniyprhg, unnig-
Jwoéphg W gbnnigdwl nt hnuwgdwUu hwpqwn-
Jwu W yéwpdwl hwdwp uwhdwujwé hwdw-

Uwnahg:

Swpptp wwjdwlubp, wwppbp uwywrennubp,
wnwppetp nedndubp

Rwugnid Gup wju Bgpwywgnipjwu, nn puwyw-
pwulbpu nt pwgUwplwywpwl 26Uptpp Lwn-
ptp Gpypubpnud wwppbp Gu, vwlwju uGhw-
ywunLpjwl nmwpptn dutpp unyuwbu Ywnpnn Gu
Ewywl wagnbgnientl ntuGuw] 6hown nLdénLdut-
nh puwnpnipjwu Ypw: UhlUunyUu Gpypned un-
ghwiwywl puwywpwuutpp Ywpnn Bu gnLlub-
Uw| Unylu Ywnphplubpu n. ppunhputpp, hug wu-
hwwhU wwwunywunn puwywpwuutpp: 3pu 26U-
ptpp Ywnnn U wmwpptipyt unp 26Lptnhg:

Lwlp’ uwlunnuy £ ytwp

Cwuwn Gpypubp wohuwwnnud U Jhwju JGY uwln-
nwyny (ophuwy’ uwlunnwy, npp puntwannid £
2tupp A EuGpgwwpnniuwybuinhg Jhugle G ng-
EuGpquuwpnintbwytwn): Wy Gpypubpnd Yhpwn-
Jnwd GU' puwyth 26Uptph hwdwp JGY uwln-
nwy, huy ng puwyGlh 26uptnph hwdwn UGy wjy
uwlnnwy: Ywl bwl Gpyputp, npnup ng puwyb-
th wnhwh 2G6Uptph hwdwn UwhiwwntGuynd Gu
nLtuGUw| Lnwpptp uwunnwyubp:

Npn2 Gpyputp hwdGdwwnmwywlu swihnpn2hsubn
GU yhpwnnud, npnup hwydwnpyywé Gu GUptph
ognwagnnddwl Uwwwwyubtph W nnhwbph hh-
Jwl ypw: Uyn hwdbdwunwlwu gwhnpn2hsutpp
wjunthGinl oginwgnpéynid EU wnwldhU 2EUph
hwdwn punhwunip uwunnwyh hhdwu Yypw wu-
hwunwlwl uwunnwyutp Jpwybine bywwnw-
und, npp Ywpnn £ Unijup [hutl pninp ng puwyt-
Lh 26UptGph hwdwn: Uw punpn) £ huywuhwjhu
U UGS Pphuinwuhwjhl:

Nnpn2 GpyputGpnd uGpunhdhlywwnubpp Ywpnn Gu
hhduwé [hubG Ywd hwpdhgnd hw2dwnwé
uwwndw, ywd hwpqunpyywéd uywndwl Yypw:
Qtpdwuhwjnd wju hwpgp (néynid £ Jh uwun-

nwyh dhgngny, npp pwg £, hugwbu wpwawsw-
thp, W npp Jhwju wnUsynd £ uwywndwéd
y4nd/u? htwn:

Unyw E puhwunip hwJdwawjuntp)nil, np uwln-
nwyhu wnlgynn fuunhpp ng wjtupwl nGhubhyw-
ywu E, nppwl pwnwpwlwl U hwnnpnwygdwl
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a political and communications question.
Therefore, the choice of scales is mostly de-
pendent on what a country aims to achieve
with certification, and which signals they
want to send to the different certification us-
ers.

Design of certificates

Certificates must be clear and follow a
standard, since they must be recognizable,
even for a less experienced building owner
or buyer. They have to be decoded quite
simply; however, there is also a significant
need for information and clear presentation
of certification results.

Here we return to the design of rating
scales. As mentioned above, many countries
have developed certificates that are based
on A-G labeling. However, some countries
have added more figures such as A1, A2, A3
or A+, A++ and B-, or other combinations to
increase the number of levels, as a range of
7 scales was found to be too narrow to cover
both new and existing buildings.

Information in a certificate

Most countries have chosen to include
blocks of information, where specific parts of
a certificate are used for simplified infor-
mation on size, consumption, preset text,
etc. This helps to set the focus on essential
information and makes the comparison of
different certificates easier.

Demands for savings measures

Typically, there are demands on how to se-
lect profitable savings measures in certifi-
cates. However, some countries have left
this up to consultants (energy auditors).
Recommendations are often placed in a par-
ticular hierarchy, depending on feasible im-
provement measures. The most feasible or
most obvious are normally placed first in
certificates.?

hwpg: Uwunnwyh puwnpnienill, ntunh, dGéw-
wbu ywhudwé £ upwuhg, et uGpunhdhlywgdwu
dhongny h°Us Uwwuwnwyubph £ dgund hwulb
Epyhpp L h°Ug wgnwyubp £ nignwd hnb| 2GLpt-
nph tuGpgwwpnniuwybnnijwl uGpnhdhyuwg-
Jwlu gnpéplpwgh dwulwyhgubphu:

Utpinhdhlywnlbph dup (nhqujup)

Utpinhdbhywwnutpp wbuinp £ |phuEL wywpg L
hGwnublu JGYy unmwunwpwuh, pwUuh np npwlup
wbwp E dwlwgbh huGu Unyuhuly 2GUph wu-
thnpéd uGthwywluwwhpne Ywd qunpnh hwdwp:
MwuwnybEpdwé Ynnbpp wtwnp £ pwywlwlhl he)-
nnipjwdp yGpéwuytl, pwjg bwl wuhpwdtwn
E, np npwlup Lpwlwlwih wnbntGywwnynipinilu
wwnpnitbwytlu W jwy uGpywjwgutlu ubpuinhdh-
ywgdwl wnpryntupubnnp:

Jdwpywlwihtu vwunnwyh Ywrnniguodpp/adup
hwuwnty puunhp £ wnwewgunid: Swuwin Gpynub-
nh Ynnuhg dwydwé ubpinhphywinutipp hhdu-
Jwé U A-G Jwyupdwl Jpw: Uwlywpnwyutph
pwlwyl wybwgubint bywwnwyny npn2 Gpyp-
Uubp wybiwgnt], Gu wybh 2wwn pYwlwuubp,
huswhuhp BU* A1, A2, A3 JwU A+, A++ L B- Juu
wjl hwdwygniejntuutp, pwuh np  Jhllntu
uwunnwyny W unp, W gnjnipjntu nltukgnn 26U-
pGph uGpnpdhywgdw hwdwp Jhwju 7 Jdw-
wpnwy ntuGUwip 2wwn phs Ehwdwpyned:

Utpunhphywuwnid U2dwé nbnEYnLpyntulbpp

Gnypubphg 2wwnbpu punpt] U wmbEnGYwwnyw-
ywl Jwunwyutph JGennp, npntn ubpunhdh-
ywuwh ynuynpbunn Jwubpnid ywpqbgywé nknt-
ynrejntulbn GU wnipynd swithh, uwywndwl, wj|
Lwhwnpywdé ntGpunnh Jwuhu: Uw ogunud E
npwnnniejntup yGunnpnuwgutp fwywu nknt-
ynrejntulph ypw W hGunwgunid £ wnnwppbn
uGpinhdhywwnutnh vhel hwdbGdwunniejnitlu Yuw-
wnwnbp:

huwjnnnipjul  Jdhgngwnnidubph  Ujwwndwdp
wwhwlgubpp

Undnpwpwnp Jwu wwhwlslubn, npnup pGlwn-
npnud GU, _E huswbu £ ybGwnp punptp W ubpunh-
dhywuwnubpnid UGpwnG] 2whwybwn EUU- Ubpp:
Uwywjlu npn2 Gpypubpnd wju hwpgp pnnuywé

% |n Denmark and Portugal, there are obligations to implement identified cost-effective savings in public buildings. The demand in
Denmark is that all recommendations with a simple payback time of less than 5 years must be implemented in the first 4 years after
certification. In Portugal, all recommendations with a simple payback time of less than 8 years must be implemented in the first 3 years
after certification in non-residential buildings (with a rating below a certain threshold).

AQwlhwjnd W Mnpnnigwihwjnd  hwupwhu 26Uptph hwdwp pwgwhwjnwé swhuwnpnynibwytn puuwjnnnieiniulbph hpwywuwg-
JwU ywpwwdnpnipinibubp 6U uwhdwudwsd: Ywbhwinud wwhwugynid £, np 5 mwpdwlhg wwlwu wwpg hGunngudwl dwdytbunny
pninn wnwowpynientlubpp whwnp £ hpwlwlwgybl ubpnhdhywgnidhg htwnn' wnwehl 4 wnwphlutph pupwgpnid:  Mnpuninigu-
thwjnwd 8 nmwpywuhg wywywu wywnpg hGngudwlu dwdybwnny pninp wnwowpyniejntbutpp wytwnp £ hpwjwlwgybu ubpinhdhyw-
gniuhg hGwnn' wnwehU 3 lmwphubph pupwgpntd ng puwytih wilu 26UptpnLd, npnug ywpywuhp npn2wyh 26uhg guén E:
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Price and cost issues

The price and cost of certification is essen-
tial. There are many different owner forms
for buildings with apartments: they can be
privately owned; be owned by a social hous-
ing company; be owner occupied with an
owner association or a mixture. Who pays
for the certificates when an owner-occupied
flat is sold? Is it the individual owner or the
association of owners? What happens if the
certificate includes or is based on the whole
building? These situations depend, most of
the time, on national factors and circum-
stances; each Member State must find the
solutions that best fit the local market.

Validity of certificates

For public buildings and other buildings
which have to be certified regularly, validity
depends on how often this certification has
to be done. The vast majority of countries
have either chosen 5 or 10 years. The major
reason for these numbers is the limit set by
the directive (10 years) or the by responsi-
bilities of advisers (energy auditors) and
constructors (normally 5 years).”’

INTERNATIONAL PRACTICE OF
ENERGY AUDITS

Energy audits are conducted worldwide. As
with all terms, the definition and content of
an energy audit differ from society to socie-
ty, depending on adopted standards and lo-
cal conditions. In many countries, like Fin-
land, governments subsidize energy audits.
In some countries, the law may require that
energy audits be carried out at regular inter-
vals. In all cases, governments may require
that energy audits be carried out in accord-
ance with some form or regulation to
achieve policy objectives.

NOTE: Experience from other countries is
very useful if one is analyzing the possibilities
of establishing an energy auditing system.

E unphpnwuwnnilutph (EUGpgGunhy wninhinnput-
nh) hwjGgnnnipjwup: Unwewpyniejntbubpp hw-
dwhu wnnigynid GU npnpwyh pnipgh inbupny®
puwn pwpbwydwl dhgngwnnidutph tnGpuupyw-
inunbuwywl  tywunwywhwpdwpnigjwlu W
hpwywuwgytihniejwl Jwlwpnwyutph: Utnp-
nhdhywuinnid unynpwpwn wnwghup bpynid Gu
wUELwhpwwnBuwywulbnp ywd wnwyb|
wlUhwjwnutbpp:®

QUhu b wpdEphu wrbgynn hwpgbp

Utpnhdbhywgdwl ghup W wnpdbpp Ywnplnp Gu:
PFwqUuwplwlwpwl 26Uptph uGthwlwuniejwl
pwqUwpehy dubp Ywl: HYwlp Ywnpnn GU [hub
Jwulwynn, jupnn 6U wwwnywubp unghwwywl
puwywpwUwihu $nunhu, Ywnnn Gu (hut| puwy-
sh uGthwywunipyniup Ywd fuwnp uGthwywlnt-
pINLU hwunhuwuw(: Opphuwy* nd whwnh yéwnh
uGpinhdhywwnutph hwdwnp, Gpp pbwyhg ubGthw-
ywlwuwbpp Jwdwnnid £ hp puwwpwup: Upn-
jnp nw wbtwp £ wlh wuhwwn uGhwlywlwwnbpp
Jwu ubthwywuwwnbptph dhnipyniup: hUs inknh
yntubUw, GRE uGpnhdhywwnp npywé £ wdpnnyg
2tuph hwdwn: Wu hpwyhdwyubpp JGdwdw-
uwdp Ywhujwéd BU waqquwihu gnpénulutiphg W
hwugwdJdwuplubnhg, W jntpwpwlgnip wunwd G-
Uhp wEwp £ ginuh wju jwdwagniu (nénidubnp,
npnup wyth U hwdwwwwmwupuwuntd inbnw-
ywl 2ntywjh wnwudbwhwwnynipniulbphl:

UGpunhdhljwwnubph Juybpwywlunipjuwl dwd-
YEwp

NwppGpwpwn uGpunhdhlywgdwl Gupwyw hw-
uwpwywywu 2tuptph W wy 2huntejntbutph
ntwpnud Juwybpwlywlnipjwu dwdybwnp Ywhu-
Jwsé E uGpinhdhywgdwl gnpéplpwgh hwéw-
fuwywuntejnluhg: Gnynpubph dlugnn UGdwJwu-
uncejnill puwnptp G 5 jwd 10 nmwpjw dwd-
yGwnutpp: LJdwu dwdybGwnubph pUnpnipjwl
hhdbwywlu wwwbdwnp nhptyunhynd uwdwl-
Jwsé uwhdwlwgswihu £ (10 wnwph) wd punphp-
nwywulubnh b 2hLwpwputph Ywwnwuhuwlwn-
UnLpjwl dwdybwnp (undnpwpwnp 5 tnwnh):?’

2 All EU MS national reports give a snapshot of the status of EPBD implementation at the end of 2012, comprising: a collection of topical
summaries describing the main accomplishments and the remaining problems for each of the major issues covered by the EPBD across
Europe; detailed energy performance requirements for all kinds of building categories; a functioning certification market (including energy
performance certificate formats, their contents, and how they are issued, etc.). They are available at: http://www.epbd-
ca.org/Medias/Pdf/CA3-BOOK-2012-ebook-201310.pdf

GU pninp wunwd Gpypubph wqquwjhu qbynygubpnd 2012p. 4Gpghu UGpYwjwgdtb] Gu CEUN hpwlwlwgdwlu wdthnth Uywpw-
gpniejntup LREGINY. wdpnng GUpnwwjh Jwuwnwpny CEUN wnugynn jnipwpwlginip hhduwywUu hwpgh yGpwptpjw) wnGnwywu pninp
hhduwywu adGrpptpnidutph hwdwnnun Uwpwanpnieiniup W nbnliu ¢intéywd puunhputpp, pninp tnGuwyh 26LUptph Yuwwnbgnphwutph
Ujwwndwdp tubpgwwpnnibwytnnigjwl Jwupwdwul wwhwlglbpp, ubpnhdhyugdwl ontywih gnpéniutneniup, wyn pyncd’
EuGpguwwpnyniwybnnipwl ubpinhdhywnh dhwswihbpp, npwug pnwunwyneeiniup, npwug 2unphdwu pupwgwywnpgbpp W wjju:
Stu' http://www.epbd-ca.org/Medias/Pdf/CA3-BOOK-2012-ebook-201310.pdf
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ASHRAE-based energy audit

The American Society of Heating, Re-
frigeration, and Air-Conditioing Engineers
(ASHRAE), a non-profit organization, defines
three levels of audits (Figure 13). Each audit
level builds on the previous one. As audit
complexity increases, so does thoroughness
of site assessment, the amount of data col-
lected, and the detail provided in the final
audit report (Figure 14).

Figure 13. ASHRAE energy audit levels

Source: Jim Kelsey, Updated Procedures for Commerciai
Building  Energy  Audlits, kW  Engineering, 2011,
http://www.kw-engineering.com/services/retrofit/PEC%20-
%20Green%20Book%202011-10-26.pdf

Level 1: Walk-through

+ Rough Costs and Savings for EEMs /
\_*ldentify Capital Projects y,

S A

S~ _—
Level 2: Energy Survey & Analysis
+ End-use Breakdown
+ Detailed Analysis
& Cost & Savings for EEMs
\.,;\O&M Changes

~—— B

- <3
—

Level 3: Detailed Survey & Analysis
+ Refined analysis
+ Additional Measurements
+ Hourly Simulation

Eubpgwuwwnedwl bwhbwlwl yEpineénipyniu

e EuEpqwuwwnUwl' Jwytptuh dhwynpny hwduwny

e LUwlwwhwh htwn hwdGdwnnipniu

®ni| 1. Unwghu dninbgnid

o EUU-UGPh Untnwiynp wpdbp W julwjnnnieinLu

o LEpnpnudwjhu bwhuiwagétph punpnie)nlu

®ni| 2. EukpgbwnhYy neuntdbwuhpnepniu b yEppndnepynil

o Pwphuntd puwn yEpolwwl uwywndwlu

o UwUpwuJwul yGninténipeinLu

e EUU-UGNh Swhuubp W ulwjnnnienLuutp

e Odnthnhunipynilubp Jwhwagnpédwl L wwhwwudwl UGy
®ni| 3. Vwupwdwul hEnmwgnuinipiniu b yGpnidnipnil

e Bognwnn yGpniénieiniu

o Iwybyw gnigwuhpubp/swthnidutp

o dJwuh Yunnpywoépny wwjdwluwlwu thnpbwnyned
Unpjntpp”  UnliinpwjhU  ptuptph  Eubpgbuwhy  wninhwinp
pwndwgywéd pupwgwlwngbpp, 2hd LGuth, PE kW Engi-
neering http://www.kw-engineering.com/services/ retro-
fittPEC%20-%20Green%20Book%202011-10-26.pdf

Lywp 13. ASHRAE Eubpgbwnhly wninhinh Jw-
Ywpnwyutpp

An ASHRAE energy audit is considered a
powerful tool for discovering operational and
equipment improvements that will save en-
ergy, reduce energy costs, and lead to high-
er performance.

ELGrasshy UNMhSh Uh2U2QU3RL
onrac

EuGpgGnhy wninhnp Jh gnpbdwnnip E, npu
hpwywuwgynwd £ wdpnng w2huwphned: hugwtu
pninn inGpdhuubph nGwpnwd® Eubpgbunphy wnt-
nhinh uwhdwunwdp b pndwlnwynieintup tnwn-
pGnynid E' lmGnwywu jnipwhwwnyneeiniuutphg
L gnpénn unwunwpwlutphg Ywhwd: Cwwn
GnynpuGpnid, huswhuhl, ophuwy® Shujwunhwl
E, ywnwdwpnipntuutpp untpuhnwydnpnid Bl
EuGpgGunhy wninhwnp: Npn2 Gpyputnnid opGupp
ywpnn £ wywhwuet|, nn EuGpgGwnhy wninhwnp
ywwwpyh wunuwynp ywppbpwywunipjwdp:
Pninp nGwpnud, EuGpgbunhy pwnwpwywlnt-
rjwl Uwwwnwlutpp hpwagnpébnt Lwwwnwyny,
ywnwywnpniejntultnp, Ywpnn GU wwhwlet,
nn EubpgGunphy wninhnb hpwywuwgyh puwn
npn2wyh duh Ywd ywunuwywngh:

Swunpnipjntl. Gpp nhnwpyynd Bu Eutpgb-
wnhly wninhnh hwdwlwpg unbnétint huwpw-
Unpnipjniblitpp, wjp Gpypubph thnpdp 2wwn
ogwnwluwnp E:

ASHRAE ypw hhdujwé Eubpgbnhly wninphwn

Qtnnigdwl, hnwgdwu W onnpwydwl hwdw-
ywpqbph dwpunwpwagbunubph wdtphyjwu dhne-
pintup (ASHRAE), 2whnijp shGunnwwunnn Jug-
JwyGpwnientup uwhdwunwd £ wninhuinh Gpbp
Jwlywpnwy (@UY.13): Untnhwinh jnipupwlgnen
hwenpn Jwywpnwy Ywnnigynid EUwpunpn Jw-
ywpnwyh ypw: Uninhinh pwnpnniejwu wbdh htwn
Jtyuntn wybwunwd £ uwl opjtyinh qguwhwun-
Jwl hwdwwwnphwynipintup, hwyjwpwagpynn
inyjwiutph pwluwlylu nu wninhinh yGpsuwywl
hwyGwnyniejwu Jbe pungpyywéd Jwupwdwu-
UGpp (LY.14):

ASHRAE tutpgbGwnhy wninhwnp hgnp gnpédhp E
hwdwpynd whwagnpédwl W uwppwynpnidub-
nh wju pwpGwyndubpp yGphwubine hwdwn,
npnup Jwnpnn GU EuGpghw pubwb, Ypdwwnt]
EuEpgGunhy dwhuutpp W hwugbgut], wpnyntlw-
JGunnipejwlu wybh pwpap gnigwupputph:

Undnpwpwp wninhunp uyuynid Ewywndwywu
pupwghy Yndniuw|/Eubpquyhputiph nyjwiutnh
ncuntdUwuhnpnipinltuhg W 2GUph ynnuhg tubp-
ghwjh uywnnudp wj bWwlwwnhw 2GUpEPh hGwn
hwJtdwuwnnrpntuhg: UnwU hwgnpnnid Ewntnnud
26uph  $hghywywl nruntduwuhpnipjwu/thnp-
dwpluntpejwl hpwlwuwgniup: buy EuGpgGwnhy
wninhnh hhdbwlwUu wprynlupt wnwewpyynn
EUU-UEph gwuyu £, L npwug uGpnpdwl Qunphhy
wyuywiynn Eubpgwhulwjnnnipjwl  ubpnudp,
EUU thwpebrh hpwywlwgdwl Swhubph Ywd
$huwluwywl utpnpdwl guwhwwnwywln:
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The audit typically begins with a review of historical and current utility data and benchmarking of
the building’s energy use against similar buildings. This sets the stage for an on-site inspection of
the physical building. The main outcome of an energy audit is a list of recommended EEMs, their
associated energy-saving potential, and an assessment of whether the EEM package installation
costs are a good financial investment.

e —— T

Conduct preliminary energy analysis (PEA)

bPpwlwlwglb| bwhlwywu EuGpgGunhy
JGninionip)ni (LEY)

Ywwnb| «wnwohU UninGgdwly

Conduct walk-through survey o o nLunLiUwuppnLe)nLY

Identify low-cost/no-cost recommendations ([ (] Ann2t| ph duifuutnny/wnwg duifuutiph
wnwewpyntpinituutph gwuyp

Identify capital improvements () ® Npn2b ywwhww) pwpbwynidubph gwuyp

Review energy consumption design, P ° Yhunwpytp EuEpgquuwwndwl junnigywépp,

condition and O&M practices wuwjdwultpp, ¢ L M gnpdwnnijRutpnp

Measure key parameters o ® Quwihb hhduwlwl ywpwdbnptpp

Analyze capital measures (savings & costs ° ° JGpnét wwhwnwy Uhgngwnnidubnp

including interaction) (hubwynnnieiniu b dwhuubp hwpwpbpnie)niup)

Meet with owner/operators to review rec- PY PY Rwunhwb) ubthwywlwwnhpng /pwhwgnpénnh htwn

ommendations wnwwnpynejnLtbuutph pulwpydwl bwywnwyny

Conduct additional testing/monitoring ® Ulglwgub| pwgnighg Unuhpnphug/thnpdwnynidutp

Perform detailed system modeling ® Ywuwpbl hwdwywpgh dwupwdwul dnnGiwynpnid

Provide schematic layouts for recommenda-
tions

Spwdwnpbl wnwowpynipntbutph upuGdwwnhy
Uwhuwghép

nnn

Estimate savings from utility rate change

Swdwnyb yndntbwp/EuEpgwyhputph uwywqutph
thnthnfuniejnituhg wnwwgnn fjulwjnnniejnLtbltpp

Compare EUI to that of similar sites () ® Rwdtdwwnb) EUS-p bdwlwwnhw opjGYnubph hGwn

Summarize utility data PY PY UdthnthGl ynudnibw/ELGpqwyhputph dwhuukph
nyjwibtpp

Estimate savings if EUl met target o o ] ERLERY Ynmien, e 30
wwwhnynd £ pwdwpwn wndtp

Estimate low-cost/no-cost savings { ] Quuihwntil pht Swifuupny/winwlg Swuutnh
fulwjnnntpnLuutnp

Perform detailed end-use breakdown () o <R RN TRl L
pwfuntd

. . . . QUuwhwwnb| 6pwagph Ywwhwnw| Swhuubpp W

Estimate capital project costs and savings o o hiliwnnntegnLllGnp

Complete building description and equip- PY PY UJwpwnby 26Uuph UJwpwagnpniejniup b

ment inventory uwppwynpnidutph gnijpwgpniudp

Give general description of considered P ° Sw nhunnwnpyynn vhgngwnnidutph punhwuncp

measures Ujwpwagnntp)nitup

Recommend M&V method o ® ULUbpywjwglb) 2 b 3 wnwowpyynn UEpnnp

Provide financial analysis of recommended Ywwnwnpb wnwewnyynn EUU-UGph $huwuwywlu

{ ]

EEMs JGniniénipyniup

Give detailed description of recommended P Swy| wnwewnyynn vhgngwnnidutph dwupwdwul

measures Uywpwanpntp)niup

Provide detailed EEM cost estimates (] Unwewnyti EUY swhuutinh dwlpwdwul

Uwhiwhw2hdp

% | evel 3 audits are sometimes called investment grade audits (IGAs). These audits are typically done as part of an energy saving
performance contract (ESPC).

Gnpnpn Jwywnpnwyh wninhnp hwwh yngdnud £ uEpnpndwihu Jwywpnwyh wninhn (Yud LVUW): Wn dwywpnwyh wninhinutpp
unynpwpwpn yuwnmwnynd GU npytu EuEpgwhitwynnniejwl wywhwusubnh yuwunwpdwl wwjdwuwagnh (EMYM) Jh dwu:

-346-



Unnniy 9. CGUpbnh EuEpgtunply wninphn U ubninhdhlwgnid

ASHRAE level audits are recommendations
that are not law. Building owners can always
pick and choose what they want and do not
want in an audit. What is most important is
that an energy audit customer gets value for
his/her money. If an owner spends $10,000
on an ASHRAE Level 2 audit that finds an
energy-savings potential of $5000, then the
owner has overpaid and probably should

have opted for a Level 1 audit.?

Proposed measures are feasible and
appropriate for the building

Proposed measures meet/exceed ap-

ASHRAE Jwywpnwyh wntnpwnubpu pun Ent-
pJwlU wnwownynipntlubn Gu: Ywlp optup
sGU: CGuph uGthwlwuwwbptpp Jhow £ Ywpnn
GU puwnpt], quunt] W hpwywluwgubp wju Jhen-
gwnnidubnp, hug hpGup B gwuywunwd: UdGUW-
ywplnnpu wju £, np EuGpgGunhy wninhnph wwwn-
Jhpwunniu wpnyniup unwlw Swhuuwé thnnh nh-
dwg: Grb ASHRAE 2-nn Jwywpnwyh wninhwnh
hwdwp dwhuuyned £ 10,000 nnpwn* 5,000 nnjwn
wnpdnnniejwUp EuGpghwih fubwjnnnipjwu wn-
intughw| gunubnt hwdwn, www wjn wninhnh
hwdwp swihwquwug 2wwn £ Jdwnpyned L, wdt-
LUwju hwjwuwywunipjwdp, wybwnp £ punpytn
ASHRAE 1-hu Jwywpnwyh wntnhwnp:®

Unwwnpyynn dhgngwnnidubpp tnGhubhlywwnunGuw-
wbu hhduwynpywéd Bu b Jwingbh inndjw) 26Uph hw-
dwp

Unwownpyynn vhgngwnnidubpp pwywnpwnpnid /gGpw-

2 plicable building codes quugnud U 2hbwpwpwlwl UnpdEph wwhwusutpp
3 Data are internally consistent SyjwuEpp hwdwnpGh Gu
. . i lulwjnnnie)ntllutpnh guwhwwndwl JGpnnutpp hwdw-
4 Sav.mgs est!mgte methods follow es wWuwwnwupiwlnd U uwhdwuywé uygpniupubphl ni
tablished principles and methods
JGrnnutphlu
Energy-savings estimates are reason- EuGpgwhpilwjnnniejwl hw2dwnpyutpp nnpwdhwn GU°
5 able compared to quick estimates and huswtGu wpwaq quwhwwndwl, wjuwbu £ EUEpqwyhput-
historical energy use nh ywwndwlwl uywrdwl nyjuiltph hwdGdwwn
6 Proposed cost estimates are reasona- OSwhuubph wnwownpyyws bwhiwhw2hyubpp nnswdhwn
ble relative to field experience GU b gnpSUwywunpBU hhduwynpywé
. : . EuGpqwhitwjnnnipjwu hwadwpyutpnid hwdwndtpn-
7 Cost savings adequately consider utili nbU wpnwhwngws U yndntiwy/Fubpgulpplbph uw-
ty rates
Jualtnp
8 Interactions between EEMs are identi- EUU-UGnh Uhol thnpuwqnbgnipntulbpp Unyuwyw-
fied and addressed Lwgywé U hwpyh BU wnuwéd
Recommendations and report meet the Unwywpyniejntuutpu nt hwybuwnyniejntup hwdwuww-
9 project’s scope and goals, as well as wnwuhuwuntd GU Spwagph Swywihu, Uwywwnwyutphu no
the client’s needs hwéwpunpnh wnphpubphu
Financial discussion includes current Shuwluwwl pulwpynedubpp UGpwnnid GU pupwghy
10 and viable mechanisms available rele- L yELuunibwy UGjuwuhquutp® pun wnjw hwpywjhu

vant to the tax structure, location, and
motivations of the client

ywnnigywéph, mGnwuph bW hwdwhinpnh npnwwwun-
dwnubph

% Cost is an important factor in selecting an energy auditor; however, to ensure a quality audit, cost should not be a driving factor. Auditor
experience, certifications and successful past project examples are additional key considerations when choosing an energy auditor.
Reported costs for detailed energy audits may vary from $0.12 up to $0.503 per square foot ($1.29 up to $5.41 per square meter),
depending on the size and complexity of the building. Industry practice suggests that the cost of an energy audit should not exceed 10%
of your annual utility bill.

EuGpgbwnhy wninhwnnph puwnpnipjwt dwdwuwly  Swnwjnipjwl wndbpp puwywlwpwp Jwpunp £, uwluwjl npwyjwp wninhwin
wwwhnybint hwdwp wpdtpp ¢k, np wbwp £ npnphg gnpdénu hwunhuwUw: Untnhwninph  thnpéwnniejniup, ubpunhdhywnh
wnywjnipintup b bwhuyhunwd hpwywuwgwsé hwenndwé Spwaptph ophUwyutpp hhduwywu gnpénuubp Bu, npnup hwyyh Bu
wnuynwd EUGpgGnhYy wninhininph punpniejwu dwdwlwy: SBuph swithbphg nu pwpnniejntbhg ywhujwé dwupwdwul EuGpgGunhy
wntnhwnh dwhuubpp Ywpnn Gu nwwnwuyt) 0,12-hg vhugl 0,503 nnjwn tnnwpwédph JGY pwnwyniuh ninbwswihh hwdwn (1,29-hg Uhugl
5,41 nniwp Uty pwnwyniuh Jinph hwdwn): Ninpinh thnpép hnnwd E, np EubpgGunhy wninhnh wnpdbpp swbwp £ gbpwquugh
nwnbGywl yndntbwy hwhyutph 10%-p:
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ASHRAE Building Energy Quotient Label

Benchmarking and providing building own-
ers and tenants, prospective owners and
tenants, and the general public with infor-
mation on the actual energy use of buildings
will provide a significant incentive for build-
ing owners to invest in energy efficiency and
realize the amount of energy saved through
these investments. To encourage this
benchmarking and energy disclosure as part
of a technically sound and understandable
program, ASHRAE has developed the build-
ing energy quotient (bEQ) labeling program.
The bEQ label shown in Figure 16 would be
applicable to both new and existing build-
ings, and provide information on the design
of the building and its energy use during op-
eration. A certificate with additional infor-
mation useful to the building’s operations and
maintenance staff would also be provided.

A-

AS DESIGNED

Net-Zero Energy

B, ASHRAE
T8/ piicing fomadminisercd

ing §0™ adminisiered by ASHRAE
v buBdingEQ.com

BUILDING ENERGY QUOTIENT

The bl adicates howe ich e gy 1 1 s et gl Date st s Jume 15,2009
200

The bEQ is based on ASHRAE method-
ologies and standards and the experience of
qualified practitioners. These characteristics
distinguish bEQ from the competition and
assure owners that they are receiving

ASHRAE &tuph Eubpquwpnynibwybnnipjul
Jwpyuwlwjhu ywhwnwy

Rwdtdwwnwywl yeppniénieniup, 26uph Ubpyw
UL wwwaw ubthwwuwwnbptphu nu puwyhsut-
nhu W hwupnipjwup 2EUptph Ynnuhg tutpghw-
Ih hwuwnwgh uywndwl JwuhU wnbnGlwuwn-
ynipjwl inpwdwnpnudp qqwih hupwlu E 2GBUph
uGthwwuwwnbptph Yynnuhg Eubpgwwpnyniuw-
Jonnipjwu uGpnpnudubp Yuwuwwpbine W wyn
uGpnpnudubph Jhengny EubGpgqwiulwinnniejwl
JwuphU wwwybpwgnd Juwaqdtint hwdwn: Iw-
Jodwwnwywu yJbpndnipyntp W Eubpgbwnpy
wnyjwiutph pwgwhwjinnwdp® npwbu nnbEpuuhyw-
wbu wnnny W hwuwuwih épwqgph Jh dJwu
hupwhunwuGint hwdwnp ASHRAE-p Jwyb] E
Ctuph EubpgGunhy Jupywupwjhu (CEY) yhunw-
ywynpdwl Spwahp: Mhuwyp LY. 16) Yhpwnk-
th ytpup W unp, W gnjnipintu nltukgnn 2GUptph
hwdwnp, wu wnbnEynipjntulutn Yunpwdwnph
26Uph Lwhiwagdwjhu nt thwuwnwgh 2whwaqgnpé-
Jwl dwdwuwy Eutpghwjh uwywndwlU Jwuhl:
Ctupp whwgnpénnutpht W wBhuuhywywu
uywuwnylwl wubdlwlwaquhu bwhiwwnbuywéd
E wpwdwnpt] bwl |pwgnighs ogunwywp wnb-
nGynLenLlUUEp wwpniuwynn uGpunhdhywn:

¢Ed Spwahpp hhdujwé £ ASHRAE JGnnwpuw-
unLpjwlu W unwunwnpunutph, huswybu bwl npw-
ywynpywsé Jwulwagbnnubph ypw: Wu hwwnlw-
Uhoubpp CEY-p lnwpptpnud GU Jjnwulbphg b Ju-
wnwhbtgunwd wnBpGphu, np Upwlp unwunid Bu
hniuwih W hGnlnnwywu wpnjntuputp nL wnw-
swnyntpntultn:®

Gtuph tubpqbtwhy Jupywuhwiht yhnwjw-
ynpdwl Spwghp Jwulwgbunubph npuywyn-
nnidp

Uhwju puwnpjw| wuhwwubpp Ywpnn Gu 2Guph
FuGpquuwpnnibwybunnepjwl Jupywuhy  pu-
uwpyGpe hwdwnp pwgwéd wpuwnwupwihl
hwaytGwnynienltuutn UGpywjwgut] Jhniejntu W
Jtpghuhu Ynnuhg 26uph Junpywlh2 unwlwi:
Ynwlp GU.

e MpndtuhnUw| Gwpunwpwagbnltpp, nypbn
nLUELU wju mwpwéph hpwywunt Jwpduh -
gbughwl, npintn gunuynid £ Juplywupywéd
2Gupp

e ASHRAE Guptph EuGpgGuwnhy dnnGiuwynp-
Jwl Jwulwgqbunubpp

e ASHRAE )Guptph EuGpgGnhy guwhwwndwl
Jwulwgqgbwunubpp

ASHRAE wpunnuwgpywé Jwulwagbwnubpp SEd
wnunnuwgpywé UGpYywjwgnLgsh hwwnnty
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reliable and consistent results and recom-
mendations.*°

bEQ Qualified Practitioners

Only select individuals can submit complet-
ed workbooks to ASHRAE for review and
receive ASHRAE issuance of a building rat-

ing:

e Professional engineers licensed in
the jurisdiction where the rated build-
ing is located;

e ASHRAE building energy-modeling
professionals;

e ASHRAE building
assessment professionals.

energy-

ASHRAE-certified professionals hold the
unique distinction of being bEQ-certified
providers, denoted by the bEQ-certified pro-
vider logo.

Energy Audit Policy in Russia

Enactment of Federal Law Ne261 “About
energy saving and improving energy effi-
ciency™' gave considerable impetus to the
development of a legislative framework on
energy efficiency in Russia. This has greatly
improved Russia’s position in the ranking of
countries implementing the energy-efficiency
measures recommended by the IEA.* Nev-
ertheless, expert opinion states that the rush
to adopt laws has resulted in numerous (and
necessary) amendments to the rules.

However, energy-efficiency measures in
Russian buildings are still lagging behind
those implemented in developed countries.

ynsdwl Jywjwywu U ypned, nph ypw wnyw E
CEd wpunnuwagnpywé ubpywjwgnigsh wmwppt-
pwlpwup:

EutpgbwnhYy wninhinh pwnwpwywuntpniup
NAnLuwunwuncd

«EuGpgwhilwjnnnipjwu W EuGpgqwwnpnynibw-
Jounnipjwu pwpGwydwl JwuhU» Ne 261 nuw-
UwjhU optuph®' punniunidp qawih upwU hwu-
nhuwgwy Nnuuwunwlh Ywplnceintuncd (N
EuGpquuwpnnibwybunniejwll wnusynn optlu-
npwywl nwownh qupguwgdwl hwdwp: Uw Jb-
Swwbu pwpblwytg N nhpptipp UEQ Ynnuhg
fupwpuntuynn, Eubpgwwpnniuwybn Jvhgngu-
nnudubn hpwywlwglnn Gpyputph 2wppncd.®
Ujnnthwuntpéa, gnjnientu ntuh thnpéwagbnut-
nh ywnpéhp, np opGuputph punniudwl 2nwwn-
nwywuntejntup hwugbgnt| E ywunuubph pwgq-
Jwrhy thnthnpunipynitbubn Juwwnwnbint wuhpw-
dgbownnipjwl:

UJEU nbBwpnid, N 2GLUptnpnud EuGpgqwulwgn-
nnLejwlu vhogngwnnidubph hpwywluwgdwl gnp-
6pUrwgp ntnlu G £ Junwd qupgwgwd Gpyn-
utphg: Mw wwjdwluwynpywsé £ bwl pGUptph
FuGpquuwpnnibwybunnipjwl pwqlwehy nw)-
UwjhU unwlunwpunubph ng ywpwnwnhn pun)-
pny:*

Ctuptph ninpnp (UGpwnyw puwyGih, hwupw-
jhu pGuptpu nL Swnwjniejnillutpp) Ynndhg
2011-hU** uwwnyt] E Mnuwunwunid  Eukp-
ghwjh ybpoUwywl uwywndwlu 32%-p° wjl
nwnaubiny wpnyntbwptpnie)ntuhg hGwnn Eukp-
ahwjh yGppuwywl uywndwu Gpypnpn wdtuw-
JG6 ninpwnp, npp, uwywju, ntuh EuGpgwpibwin-
nnLejwl wutlwUts Ubpnidp®:

N7 >Guptph hhduwywu Jdwup, pbwywlwpwp,
ywnnigywd GU funphpnwjhb dwdwlwlwopow-
untd, npintn gtnnignidu wnwybiwwbu hpwyw-
bwgynwd Ep yGunnpnuwgwsé hwdwlwpgbph

® Two separate workbooks, one evaluating “As Designed” potential and the other assessing “In Operation” performance, form the
foundation of bEQ. For details visit: http://buildingenergyquotient.org/what-is-bEQ.html. Periodic energy audits, either on a regular
schedule or as part of a change in ownership, should be used to identify potential energy-savings opportunities and allow perspective
building owners to make choices regarding their purchase. Steps to Earn a Label are detailed at:
http://buildingenergyquotient.org/recognition-and-promotion.html

Spynt wnwldht w2huwwnwlpwihu dGruwnpyutpp' UEUp guwhwnnwd £ Aninbughw|U pun bwhuwagdh, huy dintup® Snigwuhutipl puwn
2whwagnpédwl, GEY-h hhupu Gu: Uwupwdwulbpp wnbu®  http://buildingenergyquotient.org/what-is-bEQ.html

NMuwppbpwywl Eubpgbunpy wninhnutpp' wd pun juwunwynp dwdwbwlwgnygh, Ywd ubGthwlwuwwhpng thnthnpunigjwl
nGwpnd, wEwp £ yhpwndGU wnwnbughw| EuEpgqwiubwinnniEjwlU  hUwpwynpnipintluGpu h hwjn pEpGint b gudwl JGpwpbnjwy
26Uph wwwagw ubthwlwuwwmbnpGphu punpnee)nt juwnwpbine hbwpwynpnie)niu pudtrEine hwdwn: Mhnwly Juunwytine pwjitph
JwuhU Jwupwdwulbnp wntu® http://buildingenergyquotient.org/recognition-and-promotion.htmi

" Law Ne261 of the Russian Federation (RF) concerning energy saving and improving energy efficiency was passed on November 23,
2009. This law states that energy audits had to be provided before the last day of December 2012. According to the results of the energy
audit, a building energy certificate was created. Energy efficiency of buildings was estimated, and improvements to building energy-
efficiency arrangements worked out where they were necessary.

N «EuEpqwpubwgnnnipjwl b EuGpqwwpnynibwdbnnipjwl pwpbwddwu dwuhU» Ne261 onptupu punniuytb) £ 2009p. UnjGdptnh 23-
hu: Wu optupny uwhdwuynid £, np EuGpgGunhy wninhnubpp wbwnp E juwmwndbu Jhugle 2012p. nGyunbdptn wdhup: Eubpgbunpy
wnwnhinh - wpnynituplph ypw unbnéynid £ SBUph  EuGpgbwnhy ubpunhdhywwp:  CSEUptph  EuGpgwwnpnniuwyGunnieniup
%quhwmu_m.d E, wuhpwdtunipjwl nGwpnid JQwyynd BU 2G6Uptph EuGpqwuwpnynibwyGunnipjwl pwpblwydwu hpwhwuqutpp:

*2 For more information on the International Energy Agency (on affordable clean energy for all) visit: http://www.iea.org/

Uhgwaqguwjhu Eubpgbwnhy gnpdwywinienitt’ dwwngtih dwpenip EuGpghw pninph hwdwn http://www.iea.org/
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This is due to the non-obligatory nature of
many federal standards on energy efficiency
in buildings.*

The buildings sector (including residential,
public buildings and services) accounted for
32% of Russian final energy consumption in
2011,* making it the second-largest energy
end-use sector after industry (but with the
greatest energy-savings potential).®

The majority of buildings in Russia were con-
structed during Soviet times and their heating
systems are principally centralized. To
achieve energy efficiency in these buildings,
you need to upgrade the heating system with
automated heating control units; increase the
thermal resistance of external walls; change
windows to more energy-efficient ones (the
resistance of heat transfer for windows from
2016 for newly constructed or renovated
buildings should be not less than 1.0-1.05
m2-°C/W); apply devices using exhaust air
heat recovery (recuperation) and energy effi-
cient ventilation systems, district heating sys-
tems with energy efficiency ratios above 0.65,
and decentralized heating systems.

Another important document is building code
SP 50.13330.2012, “Thermal performance
of buildings”. This introduced appropriate
minimum  energy-efficiency requirements
that must be followed in the design, exami-
nation, construction, acceptance and exploi-
tation of new and renovated heated residen-
tial and public buildings.*®

Legal basis and self-regulatory organizations

According to the federal law regulating rela-
tions between energy saving and energy ef-
ficiency, an energy audit can be done only by
members of self-regulatory organizations
(SR0O).*’

dheongny: UWjn oGBuptph EuGpquuwnprynilwyb-
wnnLpjwlu  gnigwlhpubpp Uwpiwwnbuynud  E
pwnépwglb] g¢bnnigdwl  wywnndwwn  Junw-
Jwpdwl uwpptph dhengny gbnnigdwl hwdw-
ywnpgh wpnhwywlwgdwu, phusgwbu LUwl wnp-
wnwphtu wwuwbtph gGpdwihnpuwugdwl nhdw-
npniejwl wybiwgdwlu W unp EuGpgwwprynt-
Uwytn wwuwnthwluubph wnbGnunpdwl  (oph-
uwy® yGpghuutphu gEpdwihnpuwugdwu nhdwn-
npniejntup 2016-hg hGwnn Ywnnigynn W yGpwun-
nngynn 2Guptpnid wbwp £ wwwhnyh 1,0-
1,05 U>°C/dwn gnigwlhop), wpiwlbinynn onh
stpdniejntup Ynpgnn uwnppbph (REYNLWEpW-
wnnputph) W onwthnfunitejwl EuGpgwwnnynt-
Lwytwn hwdwlwpgbph ogunwagnpédwl, 0,65-
hg pwpép EuGpquwprynitbwybnnipjwlu gnp-
6wygny ytunpnuwgywéd etnnigdwl hwdw-
wpqgbph W wwwytuinpnuwgywé stnnigdwl
hwJdwywngtnph Uhgngny:

hduwywu thwuwnwpenrtphg dyp UM
50.13330.2012 «CLuptph ebtpdwjhlt wwunuww-
unLpyntu» 2huwpwpwywl unpdtplu Gu, npwnbn
uwhdwlujwé U wju hwdwwwwnwupuwl Eubp-
gwwnpryntuwybunneejwl - LJwqwanyu ww-
hwugutpp, npnug wbwnp £ Yuwuwnwpdtu unp L
JGpwunpngynn gbnnigynn pbwytlh b hwuw-
pwlwywu 26UptGpnud” Lwhiwgédwl, thnpdw-
pulntpjwl, 2huwpwpniejwl, punnitudwu W 2w-
hwanpéUwl dwdwlwy:

hpwywywl hhdptpp U hupuwywnpgqwynpynn
JuwqUuwyGpwnipjniuutpp

Loqwé nwuwjhu optuph hwdwawju, npp Ywp-
gwynpnud £ hwpwpbpnieyniuutpp EuGpgwpu-
Uwjnnnipjwl W EuGpgwuwnprynibwybGunnijwu
puwagwywnubnpnid® EuGpgGnhy wninhwn Ywpnn
GU wlgywgut, Jphwju hupbwywnpguwynpynn
Yuwquwybpwnipjwl (P4Y) wunwdutpp®':

%% Source: SWP Stiftung Wissenschaft und Politik German Institute for International and Security Affairs June 2013 www.swp-berlin.org
Unpjnpp' SWP - Stiftung Wissenschaft und Politik German Institute for International and Security Affairs, 2013 3. hnLuhu: www.swp-

berlin.org

% In Armenia this figure is around 40%. In Hong Kong About 90% of total electricity consumption is contributed by buildings (Background,
accessed August 2014, http://www.beeo.emsd.gov.hk/en/mibec_beeo.html)
Swjwunwunid wju gnigwlhpp Unwn 40%, hul 3Inug Unugned pEUpEpnLd uwywnynid £ wdpnng ElGYnpwywlu EuGpghwih unnn 90%:

http://www.beeo.emsd.gov.hk/en/mibec_beeo.html

% See RF government regulation of January 25, 2011 Ne18: building key indicators (specific value of annual energy consumption in

buildings).

SGu 2011 hniuqwnph 25-h Ne18 N1 pGUph hhduwlwu gnigwUhpubpp (QBUpGpnud EUGpghwjh nwpBlwu thwunwgh uwywnnidp)

wEnwywl Ywunuwywpan:

% The schedule from the actualized version of SNiP 23-02-2003, with energy-efficient classes for newly introduced and renovated
buildings, represents classes from A++ till D the parameters on which they are defined.

EuGpgwpnnitbwyGunipjwl nwuwywnpgbpnd (ULAM 23-02-2003-h wpnhwlywlwgywé tnwppGpwyp) wyniuwyp Uunp hwududwsd W
%bnwhnnnqub 26UpEph hwdwp UGpYwjwgunwd £ A++ -hg Uhugl D nwubpp W npwug npndwl ywpwdBwnntpp:

% A SRO is a self-regulatory organization, created in the RF Civil Code and Federal Law of January 12, 1996 Ne7 “About non-profit

organizations”. It links entrepreneurial and professional activity.
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The law includes information on which or-
ganizations have to do energy audits, and
how often they must do them (mainly once
every 5 years). Every 3 months, an SRO
should send copies of the energy audit re-
sults to the Russian Ministry of Energy. A
SRO plays the main role in the creation of
rules that regulate the audit procedure. They
also develop the methodology for un-
dertaking an energy audit and check the
company’s audit work (including the audit’s
plan of audit making; the report’s results; the
energy certificate; etc.).

Essentially, an SRO hands control and su-
pervision functions of state authorities to
market participants. Self-regulation is also
possible, using individual entrepreneurs, le-
gal entities and foreign companies conduct-
ing energy audits (Figure 17).

Final check
and register of
energy

MIiEniStry of certificates

nergy Eutpgtunhy
Eutngb- utpnhdh-
wnhluwjh Yunltiph
Uwhiwnpw yGpguwywu
nnEjnLu unnignid b

Control T gpwugnid

the quality
of your work,
check energy

certificates

pnn puyt-
nniejnLultn

Ubthwywl Self-regulatory
w2huwwnwuph organization
npwyh huplwywnpqu-
huyntd, ynpynn Yuquw-
tutpgtuwnhy YGpwniEnLtu
utnpnhdh-
Ywwnlutph aking energy
unnignd audit, filling

energy certifi-
cates

Energy audit Eukpgbwnhy

companies wntnhwinp

tutpgtwnhy wlglywgntd,
wnnhin Yuwnw- EuGpgbunhy

utpinhdh-
Jwuwnutph
Lpwgntd

OptGupp uwhdwunwd E, pG np YwquwyGpwnt-
pintlUEpp wbwp E EuGpgGnhy wninhn wug-
ywglutu W pug hwdwhiwywunipjwdp £ wbwnp
nw Juwuwnwpt (hhJuwywunwd 5 tnwphu UGy wu-
gwd): Snipwpwlgnip 3 wdhup JdGy bh44-np
wbwp £ hpwywuwgnpwsé Eubpgbunhy wninhwn-
ubph wwwatulbnp uGpywjwguh EuGpgGunhyw-
Ih bwhpiwpwpnipjwu:  Uninhunh  wuglwgdwl
pupwgwywngh YJwpgwynpdwl  YwunlUlubph
unbnédwl hhduwywu gnpéwnniep yGpwwh-
Jwé b bhUYy-Utphu: dbpghulbpu dpwynwd Gu
26UpEph EuGpgEwnhYy wninhwun wuglywgubint UG-
pnnwpwunteinitlup, unnignd G Yuwqdwybp-
wntejnLtulutnph ynnuhg ywuwnwnpwé wninhwnubpp
(wjn eYnNU' wninhnph wlgywgdwl wrwun,
EuGpqbunhy wnwnhnh  wpnniuputph  Jwuhlu
hwoyGwnynrpniup, FuGpquwuwpnynitbwytGuinne-
rjwl uGpunhdhywnutpp W wylu):

hUY-h hhduwywlu qunwthwpp ynuyptGw npnp-
tinh hwJdwwwwnwuhuwlu gnhpéniLutnLejwl
Uywundwdp wbwnniejwlu huynnnipjwl W yG-
pwhuynnnipjwl  gnpéwnnyUtnp  2nLywjh
Jwulwyhgutph ypw nutu £, hugwbu bwl hup-
LUwywnpgwynnpnidp, npu hpwywuwgynwd £ Ywq-
Jwytpwniepjwlul  wunwdwygnn, Eubpgbunhy
wnwnhunny qpwnynn wuhww aGnuGptgutph,
hpwywpwlwlywl wlbdwlug b onwnpGpypjw pu-
yGnnreynLuutnh dhgngny LY. 17):

Wjuwyhuny, hUY-pu wunwdwlygnipintup hpw-
yntp £ wnwihu wywuwnydhpwunne Juqdwybn-
wntpintuutGpnud EuGpgGnhy wninhn wuglywg-
Ub:*® hUY-p whwnp £ bwl gpwlgyh Eubpgbunh-
Ywjh bwhiwpwnpnipyntuncd:

Swunpnipjnitu. h4Y wunwdutp Ywpnn Gu p-
Utp ppwyjwpwlwlwl wbdhup Jwd wlUhwwn

pwnwpwghutn:

NnLuwuwnwunid EuGpgGnhYy wninhnh JGpnnw-
pwuntpintup hhdujwé £ EuGpghwjh Unpdwuwnh-
Jwjpu b thwuwnwgh uywndwUu ypw:

Looking at Figure 18, a member of a SRO is admitted and has the rights to conduct an energy au-
dit of client organizations.® SROs need to be registered in the Russian Ministry of Energy.

hUY-p huptwywpgwynpynn YwalwybGpwnipintu £, npp unbnédwd £ punn 1996p. hniujwph 12-h N7 «Cwhnypr shGnmwwlnnn
Juwguwybpwnipyniuutph Jwuhu» N Ywlwihu optuph W MY Rwnwpwghwlwl optUugnph: WU Jdhwynpnwd £ gnpéwpwp L
Jwulwghwnwywl ninpuinp unipjGynnutppu:

% To enter and join a SRO of energy auditors, significant qualification requirements and documents are required.

-351-



Module 9: Building Energy Audit and Certification

NOTE: SRO members can be legal entities or individuals.

Methodologies of energy audits in Russia are based on comparisons of normative and real energy

consumption.

Structure of Russian Building Energy Label

In accordance with the Decree of the Minis-
try of Regional Development of the Russian
Federation on April 8, 2011 Ne161, an indi-
cation of the energy-efficiency class of an
apartment building should be placed on its
exterior wall (Figure 18).

The total annual unit cost of end types of en-
ergy are determined by summing up annual
specific consumption: thermal energy for
heating and ventilating a building during the
heating period; thermal energy for hot water;
electricity for artificial lighting and household
needs.

Figure 18. White, glossy, wear-resistant labels
with a building’s energy-efficiency class will ap-
pear on each apartment building in Russia

= KFNACC SHEPFETUYECKOW =
SPPCEKTUBHOCTH

HOPMANbHLIA

Ljwp 18. N jnipwpwlgnip puwybh 26Uph
ypw hwjnuytint £ Eubpquwwpmynibwybwnnte-

pjwlu nwup wwuwybtpnn uwhunwly wwwyntg
wwwnpwunyjwséd dwwlwjnitt yhwnwy:

Antuwumwunid Yhpwnynn 26Uph
tuEpguwuwpnyntbwybnnipjwl whunwy

Rwdwbwju N Swpwépwhu qupgwgdwl Uw-
huwpwpniejwl 2011p.wwphih 8-h Ne 161 hpw-
Jwlwagnh, jncpwpwugncn 26Uph ywwnhu wbwnp
E thwygyh 26Uph EuGpquwpnntbwyGunnipjwl
nwup wwuwnybnnn gnigwuwy LY. 18):

Ctupnwd EuGpghwjh yGpoUwywlu uwwndwl
gnidwpwihbu mGuwywpwn wnpdbpp hwjwuwnp £
Uwwwnwlwihtu uywndwU EuGpghwih hGnwi
inbGuwyubph' gGnnigdwl ubgnuh pupwgpnLd
2tuph gtnnigdwl W onwithnfudwl hwdwn og-
tnwagnpdywd gbpdwihl  Eubpghwih, tnwp gph
unwgdwl hwdwn uywndwé gtpndwjhu Eubp-
aghwjh, wphGunwywu (nuwynpdwl W ytugw-
nwjhu Ywnphputph hwdwp éwhuujwé ElGYwnpw-
ywlu EuGpaghwjh wnGuwywpwnp pwlwyntenLu-
utnh gnudwphpl:

Qtnuwnyniejwl hwdwp yugqdywsd EuEpgwwn-
njntbwybunniejwl ubpnhdhywnt wju hhduw-
ywl thwunweninel £, npp hwywuwnnid £ hw-
Jwwwwnwupiwl wninhnnph ynndhg hpwlyw-
bwgywd thnpdwpllnieniup, wju  Eubpgw-
uwwndwl wuhpwdtwn nyjuwiubph 2nnGdwnwl
E, UGpwnnud £ EuGpgGunhy nGunLpuutph pninp
hnuptbnph quwhwuwnnudp, huswbu bwl wpwnwhw)-
innwd EuEpghw uwywnnn opjGYwnutnh, phqutult-
nh, ywgdwyGpwnrentuutph tnnunGuwywu gnp-
onlubnLejwl pupwgpnid oglnwagnnéynn tubp-
qwyhputph hwadwpyutpp L hwayty2hnp: CEU-
ph EuGpgqwwpnnibwybunniejwl uGpinhdhyw-
np wdpnnpwwl wnGnGynipniulubn £ wnwihu
2tuph wmBpuupywywu ypdwyh Jwupu: Eutpqb-
inhy wninhnh wprynitupnid untnéynn thwuwnw-
pnLnRU punapynud £ Ywwmwpwd Eubpgbunpy
hGumwagnunniejwl  Ggpwywgnientuutp, uwl
opjGYwnh/yuglwytpwniejwl ycuuntbwynpjwu
hEnwuywpwjhu wnwewpynipntlltp: Qnpdpl-
pwgh Uty wj hhduwlwlu thnytphg £ bUY-nd
EuGpquuwpnnibwybunnipjwl  uGpnhdhywnnp
uwinnicgnid/thnpdwpllncejnitup:  UGpunhdhywn-
utpp huplwywpgwynpynn Yuquwybpwnieint-
unwd uinnigybintg b gpwlugbinitg hGnn ninwin-
ynwd GU ELGpgGEnhYywjh bwhiwpwnpnie)nLu:

Ctuph EuGpgqwwpnnibwyGunniejwlu ubpunhdh-
Ywwp* (qwubpp npdwsé U LY. 19-nwd) Yuqu-
ynuw E Uwhiwgbwjhu thnynud W Ubpwnynid

EuGpgbwnhy wninhinnputph P44 wunwd nwnbwnt hwdwp Ywlu bwl npwywdnpdwl ywhwlugubn bW wuhpwdtwn thwuwpnrtph

guwuy:
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An energy certificate - the basic document
containing the credentials of information
gathered by energy audit companies and or-
ganizations that measure and calculate all
flow rates of energy resources and reflect the
balance of energy consumption facilities,
businesses, and other economic organiza-
tions. An energy building certificate contains
all information about the technical conditions
of a building. After an energy audit, a docu-
ment is produced that includes the results of
the inspection and the prospects affecting the
viability of the building, organization, etc. An-

LUwhuwabh «EuGpquuwpnnibwybunnipjwl»
pwdlntd: Wb 62gpnynid £ pun wpunwphu wyw-
wnnn ynuuwnpniyghwubph eEpdwihnpuwugdwl
nhdwnpnipjwl hpwywl swihwapwéd wpdtp-
utph: EuGpgqwwpnnibwybunniejwlu  Jwnpywl-
2wjhu nwup npnaynwd £ 9Gnnigdwl ubgnuh pl-
rwgpntd 2Guph EuGpghwih nGuwlywpwp ww-
hwuswnpyh wnpdtph Jvhgngny: Grbt 2Guph tubp-
gwuwnryntbwyGnneejwl Jwpywlpwihtu nwup
sh hwdwwwwnwupwunwtd  unwlunwpun  ww-
hwusutphu, www 26upp N wnEpUhYwywl
inGuncgubph Yynnuhg ¢h punniuynd 2whwagnnoé-
Jwl:

other key step is the examination of an ener-

gy certificate in a SRO. When it passes exam- )
ination and is registered by a SRO, it is sent
to the Department of Energy.

The energy certificate of a building (classes are presented in Figure 19)%* is created at the “energy
efficiency” project stage. It complies with the real measured value of the building envelope’s thermal
resistance. The category of the energy-efficiency rating is determined by the value of the specific en-
ergy demand during a building’s heating season. If a building’s energy-efficiency rating category does
not correspond to standard requirements, the building is not accepted for utilization by technical in-
spectorsin Russia.

Energy Audits in Armenia EutpgtwnhYy wninhnp 3wjwunwuncd

Based on the “Energy Saving and Renewa-
ble Energy” law of the Republic of Armenia

GluGny «Eubpgwhuliwjnnnipjwu bW yGpwywug-
ugnn EtubGpgbnpywih dJdwupU» Swjwuwnwuh

(RA), the sole*® norm-setting legal act that
regulates energy audits in the Armenia is the
“Procedure for Energy Audit”.*' However, an

Rwlpwwbwnipjwl (33) onptuphg” Unputn uwh-
Jwunn hhduwywu no Jhwy hpwwlwlu wy-
np*, npp 33-nwd wpguwynpnid E Eubpgbuinhy

% According to the Decree, an energy-efficiency class should be established for all new and renovated buildings and can range from A to
E.

Cuwn hpwdwuwagph® pninp Unpwywentyg b yGpwywuguynn 26Uptnh hwdwp wiwp £ uwhdwuyh EuEpgwwnnniuwybnneejwl nwuy,
app ywpnn £ (hUGL A-hg Uhugw E: ‘ ‘ -

However, other energy-conservation legal bases are the Armenian “National Programme on Energy Efficiency and Renewable Energy”

and the “Government Action Plan for the Implementation of the National Programme on Energy Efficiency and Renewable Energy”. There
are now 15 Armenian standards (ASTs) available, including the latest AST 362-2013 “Energy conservation; Building energy passport;
Basic rules; Standard form”, adopted in December 2013. It is based on the harmonized and revised versions of the inter-governmental
building code MSN 24-01-2011 “Thermal Protection of Buildings”.
EuGpghwih  pubwjnnniejwlu  hpwywywl hhdp £ hwlunhuwunwd Uwl 33 «EUGpqwwpnynilwybnniejwt W yGpwywugynn
tuGpgbnhywih wqgquwjht  6pwaghpp» U «EuGpqwwpnnibwybunnigjwt b JGpwywugynn  Eubpgbunhlywih  waqquihlu  dpwanh
hpwywlwgdwu 33 Ywnwdwpniejwl gnpénnnipinitulbph dpwaghppy, huswbu bwl Unn 15 3US-UGp Qwjywywl unwlunwnwnukp),
win pynwd 2013p. ntywntUptphu punniujwé «EUbpgqwhulw)nnnipiniu, 2GUph Eubpgbunhy wudbwghp, hhduwywl npnypUtp,
unwunwnun dutp» Jbpghu 3US 362-2013 unnwunwpwp, npp hhduwé £ «CGuptph gbpdwihu ywwnwwunieintu» dhowGunwlywu
gphujnwnujUwU unpdtph MSN 24-01-2011 Ubpnwbwytgws W JEpwlw)jywé nmwnppbpwyh dpw:

This procedure has been approved by Armenian Government Decree 1399-N on August 31, 2006 and revised by Decree 1105-N on
August 4, 2011. It is multi-sector (intended primarily for production enterprises) and also evaluates the use of fuel and energy resources
in a building.

Cupwgwlwngp hwunwwnyb| £33 jwnwdwpniejwl 2006 . ognuinnuh 31-h rhy 1399-L npnnudny L thnthnpudbl £ 2011e. Ognu-
wnnuh 4-h rhy 1105-U npnpnudny - pwgUwninpuwjht (hhduwywunid wpnwnpwywl denuwpynieinituubph hwdwnp bwpuwwntuynn),
wjn pYnd * 26UpEpnLU untihph W EuGpgGwnhy wwwpubph ogunwagnpédwl quwhwwndwl wenwdny:
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official, adopted methodology for undertak-
ing an energy audit in Armenian buildings
does not exist.

Energy-efficiency parameters to be ad-
dressed during building design and construc-
tion stages are set in RA Construction
Norms RACN [I-7.02-95 “Construction ther-
mophysics of building envelope; construc-
tion norms” (clarified in CNM 1I-7.102-98
“Manual on RACN 1I-70.2-95 Construction
thermophysics of building envelope”).

Within the framework of the UNDP-GEF “Im-
proving Energy Efficiency in Buildings” pro-
ject, targeted activities are being consistent-
ly carried out in order to solve the problem of
energy efficiency in multi-apartment build-
ings in Armenia, comprising: the implemen-
tation of energy audits in residential build-
ings, and the elaboration of norms and legal
acts for certification and methodologies for
conducting energy audits, etc.*?

A demonstration project of the thermal mod-
ernization of a multi-apartment building (#6
D. Varujan, Yerevan) was implemented, dur-
ing which an energy audit was conducted to
demonstrate energy-savings potential, pro-
mote dissemination and accumulation of
practices to implement similar projects, raise
stakeholders’ awareness of energy efficiency
in buildings and use of different technologies
and thermal-insulting material for retrofitting
existing buildings.

An energy audit was conducted in the 2013-
2014 heating season and included instru-
mental measurement (Figure 20), estimation
of energy and thermal performance (Figure
21), definition of buildings’ energy-efficiency
class (Figure 22), among others.

wntnhinh ninpunp’ 33 Juwnwywpnipjwlu npn)-
dwdp hwunwwndwéd «Eubpgbnhy  wninhwnp
wlgywguwl pUpwgwlwngl» E:* LkpYw)nidu
2tuptiph  EuGpgbGwnphy wninhn wluglwgubint
hwunwwnywéd dbGpnnwpwunipntu 33-nd gn-
|nLRjnLU gnLlp:

Ctuph Lwhiwagddwu W 2huwpwpnijwl thni k-
pnid hpwwluwgdwl Bupwlw EuGpgwwpnynt-
LUwyGwnipjwl gnigwlppubpp uwhdwujwé Gu
33CUL I-7.02-95 «Chuwnpwpwywu sEpdwdphqh-
yw. &Euptph wwuwnn YnUunpniyghwubnh»,
LUwhiwgéodwl UnpdGpnud (wpquwpwlujwsé CLA
[1-7.102-98 «ChUwpwpwlwl esGpdwdphghlw
26Uph wpunwphu Ynuunpniyghwutph 338U I-
7.02-95» Unpdtph dGnuwpyncd):

33-nud pwgdwplwlwnpwl 26Uptph EuEpgGunhy
wpnniuwybunniejwl  fuunhpubph  (nLédwup
Uywuwnbint  Uwywwwyny «SGuptph Eubp-
gwwpnnibwydbunniejwU pwnpépwgnud» UU20
QtEd /00059937 Spwanh 2ppwlwynid hGunln-
nwywunptl L Lwwwwlwninnywd gnpénnnt-
pinLtultp U hpwywlwgynid, Ubpwrjw® pUuw-
yGh 26Uptpnud ELEpgEnhYy wninhnubph wug-
ywgnud, 2Guptph ubpunhdhywgdwl hwdwnp
unpdbph W hpwydwywu wywnbnh, Eubpgbunhy
wninhinh hpwywlwgdwl JGpnnwpwlntejwl
dowynid W wypu:*

EuGpgwpulwjnnnipjwl  wynuntughwip  gnyg
tnwint, wjn thnpdh nwpwénudp W bdwlwwnhw
LUwhiwagstpnd yntinwyywé thnpéh hpwywlw-
gnudp  hupwpunwutine,  EuGpquwpnnibwytn
2tuptph 2huwpwpnipjwl, hugwbu bwl gnynt-
prInLtU nLutgnn 2BUpGph EuGpgwwpnynLuwybun
JGpwaghudwUu hwdwp wnGhuuninghwutph W obn-
dwdtyniuhg Ujnpbph ogunwgnpédwlu huwpw-
Jnpniejnluubph Jwupu 2whwapghn Ynndtph
nbnGYwgywoénieintup  pwpdpwglbine  Uww-
nwyny dpwaph Ynnuhg hpwywlwgyty| £ pwq-
Jwplwywnpwu 26uph (Gpuwu, Y. dwpnidwlh
rhy 6 26Up) stGpdwwpnhwwlwgdwl Uh gnt-
gwnpwlwu bwhwghé W EuGpgGnhYy wnunhwn £
wugywgyt|: EuGpgbunphy wninhnl hpwywuwg-
yt, £ 2013-2014 gbnnigdwl ubgnuh pUpwg-
pntd, nph pupwgpnid Ywwnwnpytl U gnpdhpw-

Jpu swithndubp (LY. 20), EuGpgwuwwndwl b sGpdwntGhuuhjuwywu gnigwuhoUubph guwhwwnnid-
utp (uy. 21), 26Uph EuGpguwwprynibwyGwnniejwl nwuh uwhdwuncd (UY. 22) W wyj(u:

2 For more information visit: www.nature-ic.am
Lpwgnighs nbnGyniintultnh hwdwp wjgbibp® www.nature-ic.am
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Figure 20. Results of the instrumental measurements
Average air temperature in apartments and outdoors in the 2013-2014 heating season
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Photo and thermographic image of retrofitted building and its nearby not retrofitted ones; heat loss growth is marked by brighter colors
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Data loggers and other tools (Figure 11) Ruwyblh nmwpwépubph sEpdwuwmhdwuh b hw-
were used to study temperature and relative pwpbpwywl puntwyniejwl nGdhdubph nwuncd-
humidity regimes of living areas. Energy- Uwuhpnipjwl hwdwnp swihnn, gpwugnn njnt-
carrier consumption data was collected in nwyhp (ngtpubp b wj uwpptn GU Yyhpwnybl LY.
the buildings (natural gas, electricity, hot and 11): GGuph Yynnuhg ynudntuw/EuGpgqwyhputph

cold water meter readings). puwlywl quwgqh, ElGYwnpwtuGpghwih, nmwp W
Figure 21. Building energy-consumption structure by use: before (a) and after (b)retrofitting
700,00 ® Hot water supply / tnwp

:i 600,00 1 gnwdwmnwywnwpnd

m 13

g 5 500,00 " Lighting and domesticappliances/

'ag 5 400,00 - [nruwiynpnieniu b ycugwnwghu

s E uwnptn

E 3_" 300,00 B Cooking/ uliinh wwwnpwumnnd

g 5 200,00 -

E=

= E 100,00 - m Heating / gtnnignid

a b

Lluwnp 21. SEuph Ynnuhg uywnynn Eukpghwjh Yuenigjuépl pun uywndwl * Jhusglh (w) yspwgpuncdp, b
htwnn (p)

Calculations were made for current heat- uwnp onh uywndwl nyjwutpp hwywpwanytbl
transfer resistance of building envelopes, GU hwyhsutph gnigdniuputnh hhdwu ypw:
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the general heat-transfer factor of buildings,
specific indicators of buildings (thermal pro-
tection, ventilation, household heat release
and radiation heat inputs), and thermal en-
ergy-specific indicators for heating and ven-
tilation during heating season. Consumption
of thermal energy for heating and ventilation
during the heating season was estimated as
a result.

Rw2dwnyybl GU wpunwphu ywwnnn ynuunpniy-
ghwutph gtpdwihnpuwugdwl pEpdwé nhdwn-
npniejnLtllbnp, 26uph stpdwihnpuwugdwl pun-
hwuntp gnpéwyhgp, 26Uph lnGuwywnpwn gnigw-
uputpp (pEpUwhU Ww2wnwwunie)nLl, onwthn-
funwd, YGugwnwjhu stpdwlugwwnnwdutp, wpb-
gwlluwjplu dwnwaguwjpnidhg stpdwjhl Uniwn-
pbn), etnnigdwl dwdwluwlwpswlnid gstnnLg-

Utilization Index down from 177 to 75 kWhlmzlyear

Figure 22. Thermal recast activities in process, Energy

Lyw
dwl gnighgh wuynid 177-hg 75 Y4 d/U*/tnwph
Figure 23. The building’s energy efficiency certif-
icate

Gtuph Lubpgkwnpy pumpwghp

Cunjwawit US 362-2013 «EubpquiubwnmiRin
Thuph tubipgbinhl wudbwghn (shnnignud, onwihnfunu).
<yt goypbln. Sl 8l

Sniguitihy

Eubpquwpnyniuwytivn

B+
B
C+
C

Ny Fubpquwpryniuwytn

Unpdwy

3

.
2blph Uuwluwgdh tubngbuhl wninhuh o dnw: 75 Ylnd/d’ nwiph

- Muwnbpp
- Onuwithnfunieyniup’

- Qtnmgnuip’

- Dunhwnp nwnwpltpp'

slpdwbyniuwglws
plwlui
wuhwinwluu
ssinnugynn

ELGMGUUMHBNRLULGSNRMEIUL UBPShdhUS

dwpswilwi inbnkungnipymio
ChUph hwugb' €<, p. bplwil, Ujwl Juipswlwit 2nguit,
. dwpniduit pun N6 gktp

2790 '

21.11.2013p.

«@tuptinh bubpgnhl wpnniwbungejw
pwpanuwgnu> UURD-GE5/00059937

Shuph punhwni dwltpbup’
Mhuwyh npdwu wiuwehyp'
Spwdwnpnnp’

Lijwp 23. GEuph EuGpquwpynibwybunnipjwl
ukpunhdhlywwnp

Based on the estimated indicators (calculated
and metered, and normalized to normal use
and conditions) the experts defined energy-

o . ; 7?»_‘7
>N e

n 22. Apdwwpnhwljwuwgdwl Lu%tuwmtuupuhnh pupwgpp, gtnnigdwl hwdwp Eubpghwjh uwwn-

Jwu b onwthnpudwlu hwdwn gobGpdwjhlu Eubp-
ghwjh nGuwywpwn gnigwuhputpp: Wpryntu-
pnud quwhwuwnyt| £ obnnigdwl dwdwluwlwn-
swuntd gtnnigdwU W onwithnfudwUu hwdwn obp-
Jwjhu EuGpghwjh éwhuup:

Rwadwpywihu gnigwuhautph (hw2dwpydwé b
swihhwanpywd, Uunpdwynpywd punn puwlwunl
uwywndwl W wywjdwuutnph) hhdwu Ypw thnp-
dwgbwlbpp npn2t6p BU 2GUph EuGpguwwnnynt-
LUwytGwnnipjwl nwup W punn «EuGpghwjh pulbw-
jnnnipynitl.  Skuph Eubpgbwnhy wudlbwagntbp:
Ipduwywu npnyRutn, Unwlnwpwn dukbp» IUS
362-2013 utnwlunwnpunh Yuwagdt] Gu 2GUph Eutp-
gGwinhy wudbwaghpn:

Onwahpp Uh wyuhwjwn gnpSuwlwu ophuwy E,
npp gntjg £ wnnwihu, np 2BUptph EUGpgwwpnynt-
LUwybwn JGpwywnnignidp Iwjwunwunid hpw-
Ywlwgyblh nt pwlytph Ynnuhg $huwluwynp-
JwU Gupwyw Jhgngwnnud E: Lpwgnighg nL hw-
Jwwwnpthwy wmenGynientuubph (Lwl «SEUpk-
nh EuGpgwuwnnnibwyGnnipjwl pwpdpwgnid»
UUu20 aQtd /00059937 Spwagph 2ppswuwynid
hpwywlwgywé wy) EuGpgGunhy wninhwnubnh)
hwdwp wjgbtp® www.nature-ic.am.:

efficiency classes of buildings and developed building energy profiles according to AST 362-2013
standard “Energy conservation. Building energy passport. Basic rules. Standard form”.

This project reveals and demonstrates a practical example of feasibility and bankability of the en-
ergy-efficient rehabilitation of buildings in Armenia. For more comprehensive information (and oth-
er energy audits implemented under the UNDP-GEF "Improving energy efficiency in buildings" pro-
ject), visit: www.nature-ic.am.
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Reading List | Cuptpgwunipjwlu UjnLpbp

L.3ndhwlUuhujwu, «EuGpgwhulwjnnnipintt W EuGpgGnphywywu  JGubGedBUe», nwuwaghpp,
«Bdwpunwpwagbwy, Gpuwl, 2008p. [Laert Hovhannisyan, Energy Conseration and Energy
Management, Yerevan: Architect, 2008]

W.Pwpwdjwlu, «Ctuptph ebpdwwinblhywywl hwpwswihtph gnpShpwjhu  swthwagnnidy,
nruntdlwdBpnnwlywu dGnuwpy, Gplwl, 2013p. [Anna Karamyan, /nstrumental Monitoring of
Thermotechnical Parameters of Buildings, Yerevan, 2013].

Stan Harbuck and Donna Harbuck, Residential Energy Auditing and Improvement, Fairmont
Press, 2014.

Steve Doty and Wayne Turner, Energy Management Handbook, 7th Edition, Lilburn: Fairmont
Press, 2009.

Albert Thumann, Terry Niehus and William Younger, Handbook of Energy Audits, 9th Edition,
Fairmont Press, 2012.

Michael Baechler, Cindy Strecker and Jennifer Schafer, A Guide fo Energy Audits, Richland: Pa-
cific Northwest National Laboratory, 2011.

Audiovisual Materials SGuwédwjbwjhu UnLpbp

Interested students should search “energy IGunwpppnynn ntuwunnutpp jwnpnn Gu thun-

audit” or “conducting energy audits” on ntl «tubpgGunhy wninhin» Jwd «Eubpgbunpy

YouTube or other similar online websites. wninhinh wugywgnid» YouTube Ywjpnid Ywd
Udwl wngwug nGunLpuntd:

Discussion Questions Jwpgbp pwbwybatph hwdwnp
1. Why are energy audits conducted? 1. blUgn BU wlgywgunid EuGpgbunhly wnin-
2. What are the different levels of energy tnputn:
auditing? 2. Npn°bp GU EUtipgtunhy wninhinh nwpptp
Jwywpnwyubnp:

3. What determines the level of audit that is
conducted?

4. What is an ESCO? What is its value to
building owners? What is an ESCO’s fi-

3. blugn°y E npnoynd wuglwgynn EuGpgbunhy
wninhnh dJwywpnwyp:

4. b°Us b «Eubpgbunnhy Swnwjnipynillbp Jw-
incgnn puytpnieyniup»: hugny £ wju Yun-

nancial’)model (i.,e. how does it make unn 2tlph  ubthwlwlwnbptph  hwdwp:
money)? hUs £ winuhuh puybpnieiwl Shuwluw-
5. What are the key steps of a preliminary Ywu dnnGip (wjl E' hugwEu £ wjl thnn wp-
audit? fuwwnncd):
6. What are the key steps of a general au- 5. Npnlp U Lwhiiwywu wnwhnh hhulw-
dit? Yuwl pwyiGpp:
6. Npn°Up GU punhwuntp wninhinh hhduwywu

7. What are the key steps of an investment-

grade audit? puwLEND:
) . o 7. Npn°up BU UGpnpnudw)hu dwywpnwyh wnt-
8. How is building certification related to the nhinh hhdUwywl puwytpp:

energy audit of a building?
8. huswbtu £ Ywwywd 26Uph ubpnhdhlywgnt-
JUp 2GUph EuGpgbunhy wninhinp hGwn:
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