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This paper describes the results coming out of the European Commission supported 
THERMIE Target Project Energy Comfort 2000. This was the first Target project, containing 
eight non-domestic buildings, started in July 1993 and to be completed at the end of 1998. 
The project aimed to design and construct buildings which use less than 50% of the energy of a 
traditional equivalent, by using passive methods, particularly to avoid the need for air­
conditioning. High quality internal conditions were to be achieved. The overall conclusions 
are that 50% savings in energy use can be readily achieved in a variety of buildings, whilst 
maintairiing good quality internal comfort conditions. 
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BACKGROUND 

Energy Comfort 2000 is a THERMIE supported target demonstration project on innovative 
energy efficiency in non-domestic buildings. It was started in July 1993 and will be completed 
late in 1998. It aims to demonstrate integrated low energy solutions with good internal 
comfort conditions, in offices, universities and similar buildings based on design, construction 
and monitoring of seven new buildings in five European Countries. Horizontal activities link 
all the projects to share and compare experience and knowledge, and results are being 
produced for dissemination in the form of "Information Dossiers" on specific topics. These 
Dossiers form the basis of much of this paper and further details can be obtained from them. 

Originally eight buildings were to be designed and built in six European Countries, however 
the Spanish building, a speculative office at Valladolid, could not in the end be built due to 
planning delays and funding problems. The following buildings are now constructed and in 
use:-

• Lisbon EXPO 98 Multi-purpose Pavilion, Portugal. (EXP098) 
• Anglia Polytechnic University, the Queen's Building, Learning Resources Centre and 

offices, UK. (APU) 
• Schiedam Municipality Public Building, The Netherlands. (Schiedam) 
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• : Two.Aix;en1Prnvence lJ.niversitY·buildings, France; (Aix),, . . iy 1 :.: . · · : ; ,-
• An extension to the Tax Office in Enschede, the Netherlands. (Enschede) . . . ·. ·, 

• Speculative Offices at Leeds City Office park, UK. (Leeds) 
• Offices for the Headquarters of AV AX SA in Athens, Greece. (AV AX) 

'< • . . 

The design objectives of EC2000 were to reduce energy consumption by at least 50% 
compared to conventional ·design, by minimising· energy ·uses• for all purposes but maintaining 
good internal comfort condititlns: : The avoidance of:air-conditioning by passive design' of the 
buildings and fittings was seen as 'one of the major principles.''. In southern. coilntries this was 
interpreted as designingi-:to minimise tl1e use of air.;;c6nditioning;· which·was often seen as 
desirable in n'iid summer aha urlder certain cdndititsns of use.: ,. " .ii .. ; ., r 

. . .  • I :. :: .. :, 
I •1 / 

DESIGN STAGE ACTIONS AND RESULTS· 

Windows 

. 't. . " 

; . 
..� 

Analysis of the EC2000 buildings window designs is contained in the "Windows - the key to 
low energy design" Dossi'er. Careful design to combine good daylighting with necessary solar 
shading, whilst ··avoiding glare, has been·:used in the buildings. APU; teeds; AVAX and 
Enschede use a tombinati6n of vision and daylight windows; •with internal· light shelves at APU 
and Enschede. All windows other than north facing-windows have ·solar shading, and•a whole 
range of systefris 'is demonsfrated, including vertical external moveable devices on the east 
facade at AV AX; pull ·· down "external perforated aluminium at· Afx, venetian type blind 
externally at Enschede and between glazing at APU, and fixed horizontal shading· at Ueds. 
Windows are manually openable in all buildings (except EXP098 which is a particular use) 
allowing inlet and outlet ventilation, though predominantly inlet in the three atrium buildings, 
APU, Enschede and Leeds. Glazing is all double except for triple glazing ·'at Af>U; with low e 
glazing used at APU, Enschede and Schiedam. EC2000 buildings demonstrate the 
importance of integrated window· design and show some -of the many- possible options. · 

• .  'i 'I o I • � .. 

"-Natural ventilation £ ·•· · 
·' .. .... 

,'. .-r # 

t� .. '' 

Dossier number 2 "Natural Ventilation and cooling st a.fogies in new office .•designs" 
summarises the EC2000 ventilation designs. Four buildings are naturally ventilated, APU, 
Enschede, Aix and Schiedam whilst Leeds, AV AX and EXP098 are mechanically ventilated, 
though all use passive assistance either with cross ventilation fr.0m:'*fod0Ws''or··attil!lm.· stack 
effect. 

·The DJ>"ssfer �·oncfuaes.:'i '-Passive ventilation desiin ·en�orripase-s1· a varietY�bf techiuques, for 
example iii APU the i even distrlbdtion of air was ·ensurecf'hi;}"arying·the ·oJYeriing of windows 
with floor height, while in Ensch�di s:elf adjusting air inlets-were used: Wind ·creates ci�draw in 
APT{ b� operllij� .9r-wµi:ciows pi .fii�·!Pilch�d rgo� .of th� atfi\'iw::��p�re�s. i� 1?���P.ed: .sp:��ial 
ventilation cowfs are us�d .. It ha;.bren :4.�mon_strated tha.t.pass�ve -�entilation.,.9es1gn� .�ai:i 9e 
made to overcome .specific. problem� such as ,noise, secufity and potential overheating anJ used 

. in. climates ranging fro� .Medit�rran.ea�jo n9�h.ern ciima1es. l';f ew design.t9ols, · s_uch a��9Fn 
·and multi-zone models, a;r� suitable in ,th� fu"st· design phase to evalu�e pifferen� veptila,ti9n 
concepts and in the following phases to optimise passive ventilation solutions. Passive 
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ventilation can be designed to 'fit, a specific buildingvif architect� and. ventilation consultant 
cooperate closely. ' -� ::::1:> ., •. : .. • ·;: ., ,:·:·. ..• · :> H · 

Control strategies 
·) r: . t� 

. ' 
· , ..:_. 

·1 ' ... 

All EC2000 buildings; use a mi�re. of,rpanual ,aIJ.d automatic control, except for :i;:XP0�8 . 
. For li�hting, all buildings «;l:XG�pt _Sqhiedam and Aix· use�.auto_I,llatic control with manual 
-�)Verride. In EXP09.$, APU ·and e11�ch�de � da.ylight sensor is employed together with. ,a. �imer, 
whilst at Leeds-, an.ct AV AX: Jlayiight 

·
iseqspr&-twi1ih oc.cuwp.cy detection ar� use

·d." For 
ventilation control, apart from th�jmanuahwindow op�ning referr�P.. to aboye, the three atrium 
buildings APU, Leeds and Enschede, use automatically opening vents in the atria roofs. At 
Schiedam there are automatically opening low level wall vents and at Enschede the high level 
vents are controlled by wind pressure. All E.C2000 buildings use centralised Building Energy 
Management Systems to control several functions. 

Night cooling. 
':L ' :y , . .. . ... . 'I .. Ji! � .� j < 

.:Ihe use of night cooJip.g is 3.Jl essential, part of the.-,cooling .�!rategy. in. APU, p_nschede, AV AX, 
Leeds and Schiedam, with fans· us�cl· at; the two mecha,nically ventilated ,offices... AV AX (20-3 0 
ach) and: Le.eds (5ach):· "The other three rely on natural night ventilation with open vents and 

:windows, All ·are c0;n,tr9lled by the BEMS to a,voiq overcoc;>ling ... Exposed concrete ceilings 
- and walls have been qesigned into these buildings to provide the :n�cessary ,01ennal mass and 

APU_has additional concrete added on the top flqgr ceiling to increas�.the then,nal mass in tl}is 
�ritipal zone. ""· , .. ·, 1, , , : ; . . , . 

'' 
' '  : ':' : .� 1. : 

- ·' � j· .... ''} ' 
lnterlf..al heat loads 

::0 

• 1 • • - ). j j \ -:" 
_ l I • � • • • t � - !";' ' '!: •·.. _I j � ):_ •• 

'' 

The issue of, internal heat gains has. been aq!fressed , in . �ost;,,:PC2090. b�i!dings to minimise 
direct energy use and so that cooling loads are not overestimated. Efficient lighting 

·
and 

control of lighting have been addressed as above and installed lighting loads have been 
estimated between 6 and 12 W/m2. Office equipment loads have been assmnep at betwet:'.n 
l 5W /m2 and 25W /m2 for more intensive use in the "mediatheque" at Aix. Occupant gains are 
��.s.umed at between 7.7 anp JJ;Yf/.m

2. ; . . ···' "'"· 

i_ i ;_, : ) , _ _  : :�- .7 ·: � :�_ , ,, •. . .,, T' < � L 
, Qyer4lf t:tJYironmefl.tal ,asse.ssme11t. 1 • , • 

; 
,/ 

"'" 

. 

·,........;, rn. 
. )�1:. • ,, I 

� ; ' 

! .a:-.. : ... ' I 

r· .. ,·. 
The buildings were assessed using the UK BREEAM system and are of a high environmental standard, 

, wi� oµe;/'�;'.'cellent'':!·ra�g and.Jiv�r:";yeo/ Goo�" rat��- l:he hi�. enviro��ntqLs.�o:r�5:· �eflec�,the 
large ain'?un� 9��cs�ort,Rutjnto t,he .�rojects from tP� start, par¥c.�arly, w

_
ith $.� L� and ,�chede 

buildings (Enschede is oJily on� 9reclit a\o/ay from an Exc�ll_ent rating) where the buildings · were 
. o�fll1a11� pl�:� �o be � �i1��iunen�y fii���Y � possiG_l�. -

- :The �:U an� S,�hied�:.buildings 
were designed earlier then others and this may be a reasoh why '(hey did not achieve higl{er scores. 

07 Couhtrt <li:tierences· a.D;d nitiollRI ·ex��hence' iird�sign)ng' eliVironirlentally ·fr!ehdlf buildings may b"e the 
: , tea'son · whf 1.he bmldiiigs in France, 'Greece and 'Portugal cliii not achie-Ve· higher ratings. The Aix 

, . . 
··building • being the 'result of an architeciural design 6ompetitiori,· suffered 'from a somewhat low priority 

'"being put on'.envir01.m1ehtal issues in the'.original concept; always difficult to make up at later stages; 
Ir 
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MONITORING RESULTS·FROM TWO:,BUILDINGS;;. ' I 

:r. L ·,, · " A  I U .• 

'· JJ .. , 
All buildings are1being;m�nitored to assess their eneigy a,nd comfort performanee in use. :;rw.o 
of the buildings APU and Enschede. have been monitored for a full ;year. :and: the.res:ults 
analysed. 'j • _.1.. � 1 • 

I )t, \ 
! j .:i . .. .1.� '". ' 

Anglia Polytechnic Univei'sity, the Queen's:Building. · , . 

Annual energy Measured energy use Predicted energy use 
consumption 
Gas'1kWh·· , . . � ; 

Eiedricity,'�Wh 
Cost; £ 

.. 

Difference '· 

' _ , 

570 989; , . ,, ...) ,�.; .. ' 
135 011·! ' .. .. -. , . . 
£ ·14 2in<' ' · ., · · " ' 

. 
.. ,..� .... ,, . . .  -,.··' , 
�'ti�· . . ..: ;.�$�i��Tu1m: 

,,. 

399,998 .. .r 'fr; .. : ��·· .: 

25'9,24� .. ti ·I "' 

· £ J�}Cb59 · ' ;:0 , 
' 

+ ;(4,778 .- ... ;- -.; 
.. 

R.efer.ence 
energy use 

:.·:1 '1,26§,400 
1,1 H,500''L 

I £ 16 31r , 
+·162,036 :. I 

. . ·, 

The·· annual m�;sured ener
_
gy �6nsu

_
riiptio� .• ��-i�e :i�.e���s,Hj;u��µig: is:�diu� -f3z ���2 --.�f 

treated floor area (excluding catenng) compared· with 417 kWh/m2 for ·an eqwvalent··atr 
conqitioned _building. This represents a 68% re�uction jn e��rgy consumption and a 60% 
reduction in COi emissions for thermal energy consumption. the QiieM·,.s building therefore ""' .• t I t i•\ • ••t ' f • 

exceecfs the perfonnaqce targets s�t by EC2000. . . . ' · ·· ,.. 
• I "" "'t • • ' · . . 

Compared to an air conc!itionea .kl:lildm�: it is ·estimate�_th�t the :boilding wlu save £�49,. 750 in 
capital costs �nd £101,936 in 'ftipiling· costs ·during jt'sJifetime, as well as� £62,036 per year 
being saved m fuel costs. · ·. · ' ·  , · .. · .. ' .J · ' · 

J �ti. .·!.'. .:. I ,t,,.' f• 

The occupaqfs' rea��i?�. 'fla.� positive .v1th 'a (J'eling.' of ��- op�rt building �th a spaci8u� ·and 
�ry Jeeling, wfµfst �avin&1a,,pQ�ihve �ne,tgy',pons_c1o�s a�s.i�. , _T,he biiildll;ig users!felt !lf�t it 
compared well therr expectations and' has· a prestigious sfattis: • • . I • \ 

• • t. 

Despite the .sµccess of t�<; p�9j�ct tpe.re was scope for further improvements t� the building. 
This included:- improved niglit cooling; reduced lighting energy use; passive humidification 
during winte�; improved daylight distribution; reduced internal noise levels. '.. �1..;: � ;� �--·-,,!_ ! ·-�::·�� - , · ... - ->" ' . "!. ) _ _ , (. - i� ' ' i '�1 �:::,, ; ,' 

Tlle"Uni��rs.1fy'ha(�mce: occupati�n e�press� g��at sat1sfacti'on witii the"1end�resilli. ,, . The 

, . 
bu�} ding has _be�1n. 

�doP,!ed �y th.e 9�,ee!1 of Engl an� ��d r��ei�ed ��e r:inner-up !priibJ;1p t?e 
1996 Green Bmldmg Award ·compet 1t1on. ·· ·• . · . 

··' ""' ,, · 
I< 

I:he Tax (Jfficg Jixten_sion, Enschede. 
' , , • :'·�.: - . , · ,  •• �::• .. .. . 1 '·.! ! .. '• , ... .,. . r;tf ., :'( �·c..;1�.r·_·, 

Usage, kWilr/rh2, ptlm�ty · · � Measur�d ·ehergy ii�� ' 
energy 
Heating ' l 

95 
Lighting 7 
Equipment 39 
Fans 0.1 
Cooling 0 
Total energy 141 
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J:Prerucfoa edergy r, · 'Refer�hce' 
use 

l!.J )\_ 69'i ·75 
12 70 
84 81 
0 81 
0 34 

165 342 



The project thus succeeded in having a bYerall iuse of 'Primary energy below _the1target, with a 
monitored saving of 59% compared with the reference building. Electrical use of equipment 
,was below· the· ctargetrwhieh can ·1partly . be :iexplained by the; ·offices: only� :being used for 
aPl>rOximatC:Jty 65%· of the time. The, energymse for. lighting- was alsp below th� target, which 
apart from the partial use of the offices, can be explained by the very good daylighting 
conditions. The energy use for space heating was above the target level, partly due to the 
internal gains being lower than expected with a consequential saving in electricity. However, 
extra energy use for space heating was caused through. air leakages .and insufficient floor 
insulation. These problems were solved in the summer of 1997, after which the energy use is 
expected to be r�dticed.furthe�. ·.;,:r· · -� ;,-,�.�·; �: ·'.·, ·---,,-· .... ·· .,, ·· . .  

· ,-�;;·:.. .. .. 

Daylight meis�·����_ntsprovea tliat1:fieq�yliglif\\vmdow ana· lightshelveii performed v�IjY··w�U, 
and if shacffiig in ;front. of the Tower Visiq� ��ndow· is lowered, tlie, roonj receives·· aayligl)t from 
the daylight wiridow orily:· Measurements, sho\\Tthe ·daylight factor. is about:'"'-!%· fo-:�·2% 
distributed eve�y up tcf a depth of4Smet_ei Qccupants·werny� ·satisfied, with·9��1i.�ere 
satisfied with tlre· aihOunrm'·ttaylighramt · 88%-satisfied··with"i:he coritrol .. of daylighting: and 

, ¥1L?c.ial, lighting levels. 1:��· ��JllQ.,e�.of l'�op�� having Off��ironal problem� wi��. gl�� or screen 
r.ef\e��ions was lower th�fl �.he.oid P.u;I�i�g, ��.5-��- · ., ; , -. - .- .�c r.�· l: . . i« 

r� • r .. 1; • -� . . v • • •: �· , ,_.; i T, The"passiye ventila!iopr o( the <;)!pc.es .:vorked. we�l, only . during unusually .. ?Jarm w�ather 
conditions during May/Jtily and Augus't was tlie mech�Jlical exhauS't used. · The resultant 
energy use of the extract fans is very low. C02 levels-were also monitored, a's· a indication of 
air qu��ity, and vertilation e�ciency. It was found t�at the ,average C02 level is between 300 
and 600 p_pm, wh!ch is just above �ackground le':'el. The_ i:nrutjmum l�vel found was 1200 ppm 
(for 5 hours per nionth, in occasional offices). This.level yis still below 1he ma.X:imum of 1500 
ppm permitted during an 8 hour workday. In summer, night-time cdolirig is used' with 4 air 
changes pt;:r hour .(200 .m3 /holl;r). This. w��.,monitor�d during a two week period with passive 
t�aq�i"' �as. meas.ui�!!lFn�s .. ,. It ���� :.cf>:ncl��.ed t��t. th�i .�veni�e �� .. c�ange ra�� ·: .�as _3 .1.1 ac/h, 
close to the design value. No 'deaq �orner�' we.ref<?l!�d_,1 �1!� li!tle cross .�9Y.: of arr betw_een 
clean and polluted air. · · · ·- · ' ;. - · ' 

·1n,
·
ge�e�af� ,t4� ��e-�s of.the buildi�g are v�fY. satisfied, 'Yi1:� t��<�Jlf9�ing observa!i?ns: 

• There were high ritings by th�: users .
. 
for gontrol of 

.
vent.ilatfon, jighti�g and h�ating. There 

an;;l�;§�. pro�legis V{ith coW, dnwght��and t})e indqor �ir quality is better than the .Previpus 
b · 'a· · 

· ·  · .. _,._ .,,_. · · · ·· · . . ; ... 
ujl 1ng .. . . ;'. •) ' "'f ' ·- ' r '0 " •• • .,.. 

' ", ' " • 
. ' . 

• The .. acousti'c · climate has improve( 
.
·relative · t�· the· old Jmilding'' Wjth the numbe� "of 

complaints reduced from 36% to 1 1  %. 
· '' · · · · ' 

· 

• The percentage of absenteeism has lowered by 25% to 30% for occupants who moved from 
the old to the new building. 

_ �-.\ ·;J·"'·- .�- :: \-1_:"\·�.,:·,iw:.\ ·.> �f�·. �. :' . ·.� ��·,, _ 

• The number of building related health complaints has decreased by about 50% relative to the 
olq ouilalng·. 'Re afave ·ro--0tfierI?Ulch QW"ce 15'µ"i1dings,·the·nombef'ofh��ldr,p-rqp· Iems·is 70% 
lower. - · 

. ' ·  .,,. · ' · � . · " : , '1 ' ' 11 . • ·' ' .... :: 

• There -wer-e··some -compt�nts a:bt>ut�fumen;aused by the diesehrain running twice ·h��rly in 
front of the building·:- · ·-· · -··-
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PUBLICATIONS 

"Partial Final Reports" on all eight EC2000 projects, including the INTECO design project in 
Valladolid, Spain, were printed in may 1998 and are available on request. Eight "Information 
Dossiers" are completed and available:-

1. Fire safety in Atria. 
2. Natural Ventilation and cooling strategies in New Office Designs. 
3. Energy efficient buildings- the Client's view. 
4. Control Strategies for passive Buildings. 
5. Windows - The Key to Passive Design. 
6. Design Standards for Low Energy Offices. 
7. Environmental Assessment of seven new buildings. 
8. Energy efficient building technologies explained. 

Four more Dossiers are planned for the end ofEC2000:-

9. Climatic Sensitivity of Designs 
10. Cost Effectiveness ofEC2000 Buildings. 
11. Energy Consumption of EC2000 Buildings. 
12. Comfort and Quality in EC2000 Buildings. 

PROJECT COMPLETION 

Monitoring of the other five buildings is continuing at the time of writing this paper but all 
results are to be collected and the whole of EC2000 completed at the end of 1998. Further 
"Information Dossiers" will be written as above comparing the monitored results of all 
projects, the energy use, comfort and occupant and owner reactions. 

CONCLUSIONS 

The first two EC2000 projects to be completed and monitored have demonstrated that the 
ambitious design targets of reducing energy consumption by 50% can be achieved in practice. 
Comfort conditions achieved are reasonable, with occupants particularly appreciating local 
control and the daylighting and airy feeling of the buildings. Current indications are that these 
trends will be repeated in the other buildings. EC2000 are not research buildings, they are 
part of the current generation of environmentally friendly buildings to provide for everyday use 
- as offices, universities and public buildings. They demonstrate the way forward for much of 
the future non-domestic building stock. 
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