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ABSTRACT 

OFFICE is a research project partly funded by the CEC dealing with the passive retrofitting of 
office buildings to improve their energy performance and indoor working conditions. The 
project is coordinated by the University of Athens with the participation of organizations and 
research institutes from eight European countries. The aim of the project is to develop global 
retrofitting strategies, tools and design guidelines in order to promote successful and cost 
effective implementation of passive solar and energy efficient retrofitting measures to office 
buildings. Within the frame of the project, ten office buildings located in different climatic 
zones around Europe are studied extensively. Case studies are carried out for the selected 
buildings including energy audits and monitoring activities, specific experiments as well as an 
assessment of the potential of proposed retrofitting scenarios for each building, with regards 
to the issues of energy conservation and cost effectiveness. 

The final deliverables of the project are: a) Case studies presenting high quality examples of 
representative retrofitted office buildings in various parts of Europe b) a Rating Methodology 
classifying office buildings according to their energy consumption, C02 production and 
indoor thermal and visual comfort c) an Atlas describing the technical and economical 
potential for energy conservation of selected retrofitting scenarios for defined types of office 
buildings in different climatic zones of Europe and d) Design Guidelines, performance 
criteria and methodologies for best practice giving credit for renewable energy sources 
incorporated into office buildings, all presented in the form of a Handbook. Results from the 
assessment of° the potential of various retrofitting scenarios proposed for each case study are 
included in the Handbook in the form of brochures. 

This paper gives an analytical description of the activities carried out within the frame of the 
project and describes the resulting final deliverables. 

1. INTRODUCTION 

Energy consumption in office buildings is one of the highest compared to the consumption of 
other building types. The annual energy consumption in office buildings varies between 100 
to 1000 kWh per square meter, depending on geographic location, use and type of office 
equipment, operational schedules, type of envelope, use of HV AC systems, type of lighting 
etc. Energy in office buildings is mainly consumed for heating, cooling and lighting purposes, 
while a significant portion is devoted to the consumption of office equipment. 

Retrofitting of existing buildings presents by far the largest potential for the incorporation of 
renewable energy technologies and energy efficiency measures into buildings. Within many 
European countries there is considerably higher activity in retrofitting and reusing buildings 
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than in constructing new ones. In the office sector, r�trofitting of the post war-st-0ck is see,idn 
the property·-market as the major area of activity. for the next few years� and thus the 
irlcorporation of-renewable energy sources could :be significant. However, existing energy 
related;retrofittirlg;actions.;tend. fo�neglect almost completely aspects related ta:,passive .solar 
heating, daylighting and passive cooling of buildings. 

OFFICE is a research project partly funded by the CBC dealing with the·passive retrofitting of 
office buildings to improve their energy performance and indoor W0li�ing c9nditiJ:>ns.:. Jhe 
project is coordinated by the University of.A.then$ wjth the:pai:ticipatiPJtOf q-rg�izations·and 
research institutes from eight European co.untries, .!l.�ely: Frru:ise, -,Jjaly; Germany, 
Switzerland, United Kingdom, Norway, Sweden and Denmark. The aim of the project is to 
combine knowledge .and expertise acquii;ed1�. through_1 F,eaent rnJ?earc4 �<;ticms on the 
development of passive sol�r heating, pass�ye :Poajing r anp d��light :techniques3 . with be%t 
expertise on re�rpfitting of office bujldings regarding ;. arp,hitc;ctµral , amt eJjlgineering 
interventions. 

'i 

Application of energy :conservation- techniques,:� well 11s th�·: use of s9lar, arnl,:,ambient 
alternative energy sources in offices, reqµires knQw!edge of the· specific ene,rgy,,char��t�ristips 
of the buildings. The later depends strongly on the conditions in the various climatic zones in 
Europe: In. orde:r �9� investigate the po!>,sibilities :of successful application .of retr-Q:f!.�i11g 
interventions on; buildings located in v�.rie>us climatic zones, a total of ten builc,iings .P.av� been 
selected to be thoroughly investigated as case studies. The selection of the buildings w�s 
based on the requirement to derive a group of buildings presenting the maximum possible 
variety of features related to the bvildi�g typology, client requirements, construction details, 
location, thermal quality of the envelope, type of �tilized en,er,gy so�ces and energy 
consumption. The list of the selected case studies covers a yvi�-� range �f 91,imatic zones 
around Europe, namely: North European Coast,i:l .(3 .bµildings), Mid Eurqpean Coastal (1 
building), Continental ( 4 buildings,) ;and Sj:>Utheil;l, Mediterranean (2 6uilding's ). 

· · 

._.. . . : ' - :. ./ � . : . .. [ ' . � ·'. 

Monitotjpg .�ctivi�ies Jn th� ,sele,ct�� �uildi11gs }pcludeq .. tporo:1,1gh ay._di'.�s �n�}Kc�rd�Bg, ?f t,he 
indo()r a11� o,u.�19or enviroqpiental condition� a� .'Y�ll as pf the cons�J?.ti?P per. �nergy;-end 
�s� .. iR.etrpfj�ttjng S�1;J:die� i_nv!JJv�d :an ass�ssment . . <?.f t�e ill}J?��t of P!Opos�d· �t1;ve��j9�s <;m 
��.¥ en,e�. pei;f,qrrp.apc��pf the. �uildi��s as we.IA:¥ � econo�ic evaj��tio!:l _?(e�c� pro�s.��: 
T.he ���-u!� (o.r ea�? .G�e stHdY;, Y',ere pr��ented, jp,,the fo� of 1?fi_ocpures pre��PYJ?�1• hi_&h 
qitaq1y,. e��ph;s pfre,pres��pitjve}etrofrtt,ed office puildi.og� in.v�1?1;ls .. pa,rt� of E1:1f8pe1 :i .':· . 

. ··:.- 1 • •  � :·�p ·_, ·'�·.' , . _  • • > ,  ""�'�t .• ·: ·ir• ·,�.' .... , . .  •· c , 

Data from energy audits ·1il the abo�e building�: as well as from the 'e'�ergy slmulatfrms were 
used in order to develop a Rating Methodology classifying office buildings according to their 
energy consumption, C02 production and indoor ili��l a�d . �isu.�- c?qi:fff!... $j.rµu)�tio�.s 
were also run in order to derive the necessary mfofm a'tion 'for·-an "Atlas 1des"6rioitlg the 
t�R�c�i .. cwq .... e�9pQ1l1i�al ;P.-9.t).nti_aj for �p.er,gy c�ns.erv�1ior 9� �ele9�e�1�eti;���in ,g ��en,�rios 
tor ,9-rnr}ed�t_Yp��� qfo�Q�. P.�lai�gs in di(fer�nt ctiµi�ti� zptj¢� of. �.!fope. fll:la11y1 tl!e' ina�.n 
r¥�����·t�s�µIt�· ::8; �f pr?)j�i , �P.�f�?:0J. �t-;??s��'.;��a��\ ri�f:f�12���J ��f��ia1 ��? methodologies for best practice g1vmg fTY�1 r�� r�J}f�'v apl� , eQ.ef� �9\.!-!Ce� ,mcp:P,�!���� mto 
office buildings, were all included in the De's'i1gner'·s Bindbdot i .... . ... ii: > • 

•• • ... - · ' • 

• .. • • ' 

• •• \ '1 J. t 
• 

·J� . { • .. : .... +.' ... � l : l ' . ... 
The present state of each of th� s1Je��ed .. �uild\ngs was_ tfwroughlY, ir�x7st1gated usmg 
standardized questionnaires for energy as well as indoor afr qualify ·a�diting. In situ 
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·fospeetions were carried out by a group of experts in order to collect data: regarding the 
architectural; and engineering characteristics as well as past energy consum11tion. data for the 
CilSe :  studiedf.buildings. Furthermore, the •actual thermaLand energy performance of the 
buildings was monitored for an 11-month period. During this period the fq!lowing data were 
recorded on an hourly basis: ·' i ;� .'- .; _ . '-' 

• .Climatic:':. data ,;from the nearest meteorological station: outdoor au temperature .and 
; ; ' hWriidity;1globalJ s()lar radiation, wind speed amj direction 
•L,Indoor aiif.:t:empetaltzre at representative locations on the typical floor' ,, ·:; ', 

• ' 'One supply and �Re' central eXhaust air temperature · ·' • · • ; · 

.. •:j,' . l: 

Furthermore; the total energy consu:m.t>tion and rjts breakdown for heating, cooling, lighting 
and equipm:en:t was> moilitoted '.either asing special watt-meters or by reading the meters 
already·m�talfelNn the:b'ailaings. In the lateruase·the recorded values wenrmonthly averages. 

Short term monitoring activities involved extensive and detailed hourly recording of indoor 
and 'outdoor temperature arid ·energy consumptiort' for periods of one month during summer 
and wlhtet�-"Speeifically the folldWing parameters wete monitored: > · '-'-

'i �G�::;f--:·!.: ·· -�:i ,;'111 ·: _ _r·. -��- ' L. 

-Outdtlor conditilfils (either at the ·1ocation of the ·case study or at the nearest:.fneteorological 
station?�· ·h.n: -temperature and humidity, wind speed and direction, direct �Iid diffuse·-'solar 
radiation: I, , -, ' . 'l •· ·-� · 

_,, 1 ·  ·, 

• Indoor air temperature af various-IOdi.tions in the 'bt1.ilding 
·- ·,one central supply air temperatlire ., , ' ; •l ' 

•· ·:One exhaust. air temperah11'e --� 

- -'. i; · · : · 
• · Electriccrfconslimption· for the!wno1e'·bui1ding -: . ,�, " ·1 �- • ' 
• Electrical consi:unptioh per energy-end -tl�e .for the wholtfhtiilding 

;· 
r' , .� 

"'..,1•"' 

,. I •f 

- I 

AdditidMtiy,"spebific e*t)�rimep.t$\�ere catried'(nihn dtdh to a5sess the qualify of.th(;! indodr 
�nviroruti·ent ,. regclrd1t\g -lighting and· v�i:ttilatio·n. ·. Th� ·· informtlHonj r'Collidted ·· dufing· the 
11p."oni otlrr{8:ctjvitid1�nd the autlii''Was usedr11torder to sp'oi tl:ie· problertis in eac&'building 
�d spe8if)i the n\ain' iliJ�as of interventi6n. Moreover, ihe 'data :fiom' the=�4dft hlqni m6mtorifig 
:P-eYiodS" �t� .-lfsed'1h' order to develop more:a'.ccurate computational inod.efa representttig the 
actual. stlite of tl:id'buiI<lhi.gs: ·as 'cfose '·as'. possible. th�se 'rtiodds:: -�ere· tfie1 illisrs::, f of"··t:he 
assessment of the retrofitting interventions propos�d for each case study. 

,,,.1 - J�:1,' :' l:';•: 1 ... tt' .... ,, .. - �f ·:.-. ·... • ( ·, -� 't J i. �; ·ll ��'. {_.,. 't�:}� �,.,( •;-t i"'>'tf�j-� 
< '  _,., ,

· • 
•

• • j .. .- ·,.';i>_. - . -
3,'.r': '�.T�Q�itt1N�. �cEN�J�tp s'- .: , ... · .  

��· ' ·  . _, r ... � _ . .-__. ,'.� �1 .: •... 1 J . • '··· c .:;�� :r � ., , , 
r"!j.f ' � ·.7 o ·· 1 • : 

• i ·· • • • ,,,,. 'J 1 · •
• .. . ,... r ' t 

. ,. • 1 j � . ,.. . , · .... '" , : 
J;3a�-�d'oji fhe.·��orfeatio� c9lleg��il �h.iri�g t�e_,eR.erny �udit� �s -�ell_ as o# tlfo �aJysi� df tli'e 
��ia .. frpnL tli(_m,§i]h8Urig . . :paw;pai� �!.the ipvesti_g�;e� · �� �d-t?gs; . s�cµ'j� jet�6�_tting 
iri�r�g�t1gp{ 'te :��eP,os�. �,JP!. '��9Ji, ?f J¥�m· .. �cd�rd�?! .�b )W:�f. in�},�q��1 · �r��l�B�i"i ft_ri� reqwrementsas eycameouf fro??: � tJ.i.1e . . �o.oy,et'��Jys1_si�•- 1• ()' •.. , . ,- • . , . �,.- :i•>i· . i /·i , • •  • / ..- t • I ... •• • ,-; • (, , . • � ... , ' ' , • -,,, t ..! f, • 1 _ � 

Efficient application of energy retrofitting measures in office buildings is mainly related to 
the application of systems and technig,1,1es ,�e�Un¥ '1'1-!h,: . _

. 
·:� , , ,. . ': ;··, _ .  , , ... : . • , \-., ·� 4,, r .. ",-

-

. 
• 

� 

· ;,_ . -. l � ; . . ..• ff .. _,, ,:.. ,,; '-t- �· •• t � · _ . ,, .. i I 
• The use of passive solar retrofitting options . 
• th.e' u§�:ciftiieasufes related to�fue rational 'tise ·c)f energy 

• • ; • l � • t 
I 

... · 

" �: I 
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The proposyp interventions can be classified in the following categories: ···, 
• Actions aiming to improve the envelope o� the building and intrQduce passive solar he;:tting 

techniques and components. 
• Actions aiming to result in a reduction or, wherever possible, complete removal of the air 

conditioning. 1 :: P I: 

• Actions aiming to improve lighting conditions, decrease the energy consumption for 
artificial lighting introducing daylight. : . � · 

• Actions aiming to improve the efficiency of the selected building services, like HV AC 
. system, production units and domestic hot water. , . 

'l..' . r: -. 

•/ 

Actions aiming to improve the envelope of the buildings were classified in the following 
w.�jor �e,s: . . _;1 .• 

-��-·i � ( J'; ��.( 
• 

,�eduction _of the: h�at _transm1ss10�. 
throu�h the ,,�ui�qin,g, �nvelor�. _by ,insula.�ing, the 

external wa1ls, roofs and.floors. · 

. 

• ':Rectuction otthe h��t tr"=-N;Jh"ission.iirr9q8h window� anct door�, by repi'��ingframe�'.i�·bad 
condition with 1new ones as weW as by replacing singie with double glazings . 

: ·-, �"
. 

• Reduction of infiltration by sealing the window frames. 
• Integration of passive solar heating and daylig�l'comp<?fients. 
• Improvement of natural ventilation and solar control. · ··· 

-: r' 
-

• � j J I 

Retrofitting actions aiming'to improve.thermal comfort conditions 'during the summer period 
and decrease the cooling load of the buildings involve the following� iritehrentions: 

'I ·'A;'' ' • 1• r1 � : l "J ". , 

• Interventions aiming to decrease solar and internal, .heat gains in the building .. These • !i '' · �' : • ' .. . . .-; � ��.. -. i 
include mainly use of more efficient and appr9priate solar, -control devices, as �ell as 

. ntjnim ization of ilttemal gains. . . .. . � .. . 
. n ' . ' 

\ l � • I , , • • """ � • l od • • ··• 1 ' ' � .- ) · ' ' 
• Interventions aiming to m��q�ate th�cS,�la� anq int�rp�l heat gaiµs in_the bu\lding; These 

i11yplY�. tpe 11.$� of p�ght ve1'ti�ation as w.ell a_� technig10es taki�g advantage of the. t:µermal 
mass of the bmldmg. , . , . , : _ . . 

• Interventions aiming to dissipate the excess heat of the building into a heat sink of a lower 
temperature like the ambient air, the ground, the sey'and the water These involve the use 

1, . : of 'ceiling fans� natural ventilation strategies, ecofiomizer control techniques and use of 
evaporative cO'i!>hrig systems. ' ' - i" · · " ·1 · ·L ' 

ltP10rder '1to:·linvestigate the.i'efft;ktivene·ss :of varfouS refrofitting interventions to the 
improvemertc of rl:ie efiergy performance af: the, investigiited bulldirl.gs/differeht types of 
action-s· were- studied, "ranging�fiom simple -to; gfobal approaches> Reg�ding th'e ·retrofitting 
interventions considered for each building, three types'eaifbe distinguished: <'.:i,.. 1 · r . 

:., · �� _ _.· \ :-u·c r·�; , >..; ���1J-I'' r·� � ...
. 

, .d-' n1 :.�, � 11.L:: . . :. -�·:�· .... · . i:: td. :�\·--::2:�: 1 , 

• ·t ¥easure�, in":'�lyjng.simple Cl;cUp�_s �ff�cJing o;nb::.one.Qft4� �bQve 9at�gqr:ie$f1r; "1 c:c 
•: Sc,9nariqs,: itl_volying�c�i:n;�iaed ae1:ions \affecting Qn,ly;on�pf��he·above· categories .·. , · L 

�,· -f�ac�ag�s, :inyolyj:pg: ;i_nt�gr)l�eq. sotu�iO.�$, iJJYolving .: t4e . ·most .· ,,e:fficient combination of 
actions on all of the above categories '. r• ·: ,w \: 

TJ;\e,J.4tFofittiF}-g1,��qgie$;fQf �h · Qµilding }n:vGJ�ednan a,sse.S:S.ment.oLtlie'pt.eposed ·�easures� 
scenariq.�. -,@41 p_ac��ges from ,}?otb; ;�ner� '. co:nservation; and· eco!Wm� related' Jas.pects�f.'fhe 
impact of eacli action on the energy performance of the buildings was asses�d.Jh1'ou�; 
energy simulations using computer models 'calibrated' so as to describe the actual state of 
each building as close as possible. The 'fine tuning' of the models was based on the data 
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colle�ted during the short term monitoring periods. The economic feasibility ef each of the 
proposed actions is expressed in terms of the pay back as well as amortizatidn period. 

' : ' • ! 

4. RATING METHODOLOGY r· 

Two types of methodologies are actua11y considered in the framework of the OFFICE project: 
·-" 

a) Methodologies classifying buildings according to their energy consumption-for alll cases where 
only energy data are available. 

II:. 

b) Methodologies classifying buildings according to their energy consumption :.:ahd indcsor 
environmental quality involving thermal comfort, visual comfort and indoor air quality. 

The ai:rfi of the mt;/.;' lab�lling' scheme is to improve ind�or ,�nvjronment ;foget�e/-ajtb a 
reduction of the energy consumption and environmental impacts, �rule other existing r�1.ting . ' ·� • ,,. ,.. .• • ,. . ..._-.. J r Ir • 

methoddlogies inilinly focus on enenz\t corisufription ' oniy.' Three iecf)n_iques have been 
considered. : • t<� ,;; '' · · · ';i 1.., ., .  • • • 

• I ' "' ' � ; '. • • . ,· . • • ;_ :' 

A) A ranking methodology based OP.: a-,q:mlti-criteria analy_sis;;technique to rank buildings 
taking account of several criteria rel�tyd ·to: , . .  : \" 

J 
, _, 

• Energy use for heating; cooling, lighting and other appliances 
• Impact on environm�nt (greenhouse effegt,·::t�idity potential, etc,.). ·•1 

• Indoor environment quality. · ·<:·: ,. , i , , t. • 

The methodology is based on a total of 40 parameters. The ranking methods can be used for: 
• ranking buildings of a. given buildihg stock' accordirig to several crit�ria, thus helping in 

the determination.of priorities for reiro'ffrL - : -·,' · 
. · 

' :i 1 

• ranking various alternative retrofit scenarios, helping the: choice of "the best" o'n��·;;not 
c(: ' only ftom oner point' bf view, budhr1a cbrhbHiatfort ofcriteria" 'c:t1: · '· · �-j · ' 

• ; 'detenrtining if ;a r�trofit building' 'is re�llY' better tha'.tl :·'the. on-gih�l bi'i�,'; fyom �'all . the 
considered points of view. · n:. _, ::.i:. " · 

. I j • • J .: . : , �. . • 
i , , � i , , ·� :; • ; • L ,. : .\ , , , � : r1 ! :· '.....,. - i "· � J 

B),, En,ergy �µ.ting91e�f!.ologies, pased either,_on: . , .. · ;.: i :·�tL:··�. ·:. :, 
• th�, obj�91tive. definition of disj9int cl�sses f9r .energy;,:s;on�wnptio:q. Jt;om s�tjstical 

data, and crisp rating the considered building into one of ,theseclas���;,()r.-1;,�w.Qi;._ • 
• using the Fuzzy C-means algorithm to define, from statistical data, building clusters 

wi�h respect to eqt;:rgy co,Q.s�pti9n a,nd lo<?,atjpn pf the.�pnsidereg ·building i�t0 o� 
. ) -:· of .t�se c�usters. f.he clµst .�rs � pµsitipn�d-.lP.::�ctw:0,- or '.!hi:ee.-:$mensional-' space, 

; i _: 1 '. : ��Gh:J�oordiµ,�i.� -�eiiiKa _p�fHp�te1:; �haract�f�§ing th.� bu1ldi�gh�. g,_�eh�!gy for :heating .. 
for cooling an�focother,apphances), , _,, .> "l "' -

,,,.' i: .. re; :.'°'( 11rn,, 

C) A relative classification technique, based on the use of principal component analysis. to 
rank manyjbuiltlings" from a• given buil<1ihg1sfoek afo'&ding'to' 'seveia11 criteria'telated to 
energy artd_:enviroiltrient (intem�l -antl external). The�methodofogy :u.seS' as' classificatiorf 
·pfiliameter.s quantitative�· (energy) oand 1 qualita'tfiveJparametets..i(do:irift'>rtTtiayliglit, ;indoof 
quality). ";i.""·:·:,_·;;:� '/' ·;r.r., :;;:·:·� ·:.) ; ; ,., n•.r · ,1,_::;:_:1 

The" rating meth�dologies are:.i used· t{). compatie• -a• igi vetd!lu'ildiag "Mtn:.sian'da�&(br 'i\rifh: an 
average�situa.tion�� ann t()l detelmine· jf the cortsfoie'.red �builditlg compiies :With' egulaflortir � f)S"'_'' ·' 

. 

5' .. �:�A·TLASt-:;·: ... -. · ·: , : >!i:·: � .. r· �:, .�j�� ! �,r:.:, x: .. , ··· 
.

... ;_, _·,.,; .. --�
·· .��} '.=., s:·.1L/�!·; 

·. � '. 

-? • 

' ' , . ·'. ,._:;1r· ;!!.' ··. 

: .• • ! ' ( 
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The OFFICE group has developed an Atlas describing the potential for energy conservation of 
the selected retrofitting scenarios. The Atlas is developed in the highly illustrative 
environment of MATLAB. The results obtained from each building and each scenario are 
given for all the defined office building types and the, main European climates. The Atlas 
contains information on the developed rating and ranking methodologies and major 
information from the OFFICE program. 

6.HANDBOOK 

The Handbook aims to provide specific guidance to designers who wish to reduce energy use 
in existing offices or refurbish an office block using the latest energy saving and 
environmentally friendly techniques. The main research results from the OFFICE project are 
given in the form of guidelines together with the brochures from the ten case studies standing 
as examples of best practice retrofitting of office buildings. 
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