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1. INTRODUCTION 

1 
A comprehensive concept for an energie and comfort orientated retrofitting is realised for an office 
high rise building ,,BS 4" (on campus at Braunschweig Technical University). This master plan will 
take the form of a research and developement projekt; a pilot realisation will be carried out on the 
10th floor. 

2. RETROFITTING AIMS 
Around thirty million squared metres of air-conditioned office space was already built even before 
1980 in the Federal Republic of Germany 1. Considering the situation at large therefore, it would be 
logical to assume that in future it will be necessary to develop retofitting concepts especially for 
these buildings. These retrofitting concepts should reduce energy consumption while optimizing 
user comfort (thermal comfort and workstation lighting) and the effective functioning of the 
building. 
The maintenance of comfortable room conditions is especially important in office buildings because 
employees' powers of concentration and performance are considerably influenced by the conditions 
in which they work. Twenty or thirty years ago a high level of energy consumption for air 
conditioning was required to guarantee comfortable conditions. Characteristic energie units of over 
300 kW/m2a for heating and electricity are not uncommon even today in administration buildungs 
built in the 1960's and 1970's. 
New building concepts make it possible to keep the interior conditions comfortable even at summer 
temperatures without conventional air-conditioning, which in many administration buildings 
consumes more energy than the heating system. The project should show to what extend the best 
possible results of an energie efficient retrofitting can be achieved despite working on a low budget. 
The pilot project "Energy- and Comfort-orientated Retrofitting", or SAN-IGS for short, starts with 
the retrofitting of the tenth floor (home to the I GS-Institute) of the high-rise block "BS 4" which is 
situated on campus at the Technical Universitat ofBraunschweig. The retrofitting will be carried out 
in the period between April and July 1998. The project is funded by the "Deutschen Bundestiftung 
Umwelt" in Osnabriick (German state-funding body for the environment). After the rebuilding has 
finished, data regarding energy efficiency will be researched and collated in a one-year monitoring 
phase. On the basis of the results of the rebuilding of the tenth floor this retrofitting concept will be 
extended to the whole building. 

2. OUTLINE OF THE CURRENT SITUATION 
The thirteen-storey building, built in 1975/1976, houses the university institute, providing offices 
and lecture halls but no laboratories or work rooms which might influence energy consumption in 
an extreme way. 
The construction of the building is as follows: a steel and concrete skeleton structure consisting of 
external pairs of support pillars which are unfixed and which penetrate the facade; sheet concrete 
ceilings reinforced at the edges (Fig. 112/3). The facade consists of an aluminium post-bolt 
construction which is externally visible. 

1 Source: BINE Infonnationsdienst, Retrofitting of ventilation and air conditioning, II/97 
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The present glass is made of sunproof, insulated gJi;ts�; (k1r:ca .. ?.i.O W 1J1!2K:.)7 1t.h� , win�.<;>'Y h,r,e��ts are 
made of moulded .gla�s. dt should be not�d tha.t,tp� exj�ling gla_ss is gr,�dually�putliv�ng Lt, s plawied 
life expectancy25.,;J:Q years and the windows -ar,�beg�nning tP glare. ·; ; 

· 

,, 

:The'ground:plari.with a depth of25 metre�; is overJajg;piagona\ly by a,grid 80/8q CI!l,; to which the 
light fittings are also .fixect Ihe ehtire te�hnplogi9al_fit_ti9gs,are tlmction,C}Jly non-specific. 1 

Fig 2 Current Fo1U1dations _ . 
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Fig 3 New plans 

Heating coriies .. from an eXtemal. he-at source· - from a coal power station. · Hot ·Water�is heated 
eleetrically and4ecentrally .... The.building is heated by .. static heating Sl.Ufacesjp the.fa,·cade �ea; there 
is a sepc,rrate h��ti�_g- _cir�.':l}t fc�_r the north and south side and a1so by preliminary heating of the 
incoming air by means of a thermostat in a central ventilation �rut with heat recup.erati"6fl facilities. 
This unit is divided into·tw

.
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4. ANALYSIS OFTHE�CURRENT�SITU�TI(}N>:i '.L .. , I,' > ) ,,. 

The -high�Hse 1·bfock''shbws the·� 1typieally extreme ·high levels of energy· consumption of a 
mechanically ventilated administration blbck.'.:.:Tlieicaim of:the planned retrofitting is to reduce by 

1half the con.si'.impfion; of'heat energy and; eleofficify while at the same· tirne significantly increasing 
user comfort."):Retrofittirtg of office bldclfs ·sheill.'Ci' notr according to Swiss standard SIA 380/1, 
exceed a total of 105 kW/m2a for heating or 63kWm2a for electricity. For modem buildings 
70/50kW is re�ommended. (Fig 4). 
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Current Figures BS 4: Avf;rage Consumption 1992 - 1996, measured on heated area 
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Fig 5 Detailed electricity consumption 
. �. \" :; i\ ·�·-

If we were to calculate the current energy consumption of the BS4 fromc:the point of the C02 
emissions caused by the burning of fossil fuels, we would arrive at a totaj. flgure gf 283 t per year 
just for: this building. The retrofitting would red\l.C.e the C02 emissions by liaff '.:-::-• •• .J , j; .. , ' li.J - ·""�� • � •• \ -_; 

The estimated cost of the rebuiltling is approX:im:ately 800 Deutschmark·�( ea. 400 ECU) per squared 
metre of working and movemerif aieas; the esnmated time needed is three to four ip..onths. It should 
be tak�:o into account that odd structural repairs and maintenance are �n any cas� .necessary, for 
exatiiple lhe:glass needs replacing as, do� tfi� neoI1 lighting and the lamps �ew�elv(!s. · . . . .. 

. ' 

Planning research · · .. 

A detailed user survey was carried out in the initial stages of the planning research,· because a fully­
integrated retrofitting plan must be made in close collaboration with enp users in order to research 
comprehensively the current problems and the requirements of the retrofitting .. 
Exact consumption figures for external heating and electricity were collected fypm _c�valuations 
recorded in minutes of organizational meetings. Temperature and radiation measurements were 
taken on the roof and on the tenth floor from April 1997 onwards; in addition� as student project�1 a 
detailed lighting study was carried out, the ventilation unit examjn1eq.�d th�.vo!��pf. ��Q�g 

• • ' ·� ... ':i .... • • (' •• � .... ":.l, ..._ __ t i.Jt and outgo mg air was measured. ·• 'l<.·;;L � . t·; ' ; :/ 
387 



Thermal Comfori: .1 ,: ' , :: , . ·' .. , . _, 

�he working conditions in' BS4 are often intolerable :evemin Jhe transitional ·::perioQ, Especially in 
rooms which are orientated to: the east, south and west.facades'.' The· originally planned sunproofing 
never arrived; the offices therefore quickly become overheated. In sharp contrast the very cold glass 
facade and the outer concrete surfaces contribute to an upcomfortable·robtn temperafure in winter . . . : . . . . . ..· 

, .· . •• • . r -;- ,_·� , �: ·i .. : � ., i(.. ! • • ' . 

Lightning 
The building is toc?'-deep, so that there is- a lack· of daylight Hr the inner areas '\vhich must ·be 
constantly artificially lighted: The present lamps provide -onfy'a completely mon6'fortous level of 
lighting so that users powers of corrcetltratian is hindered. Iri'aiiy case the existing fixed ceiling 
grids do not allow for any flexibility or adjustment of the lighting. To �dq.to.�� it is not possible 
to install a _glare�free PC in the ou1er areas_.ofth�)Jui!ding because �un p�pofing.on the outside of the 
building was planned but not realised. 

·· · · · · 

; �, ' '' 1�' J � �;' _., - ·-· _ , ·: r 

Natural Ventilation ,. . l . , 
Natural through ventilation is prevented by the arrangemen� of.the ground pl�. T!J.e very draughty 
facade makes for very many uncontrollable changes in air cuirent cGf�ctiQ.n and ·<l;fa,ug4�� ".in the .... ..I• ( '< ._t. upper storeys ai;e not un�Qmmon. 

f 1.... -· ( - '...:.. • 

Ventilatiori and air conditioning ".'. -' � u ; · -:;" 
The functionally non-specific set:..up of the -ven.'tifation unit does, not allow�·the' ·ventilation to be 
adjusted to suit individual user needs; the ventilation cannot even be adjuste'Q for a '.single storey. 
Lectues are attended by thiry to forty people· and the lecture halls beco:rrle quickly overheated and 
the ventilation unit over-taxed. (Fig 6). , , 

fresh air j sum mer operation [ optional used air exchange 
(one air change per hour• 1 eooomi) (not in operation in summier) 
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Fig 6 natural Ventilation and air conditioning in Summer 
• ·, ·. � c. \� �, - t (' Ji:,, "" I \.1"' : f � -

5. PLANNED IMPROVEMENT'M'.EASURES IN DETAIL 1• ' " # 

T�e pro�l�rps, caused bY. Jh,e,:. funftioruµ, tec�f�t and contruct�9,P.�" ��ortcomip.gs_ des.�i:i��d. above 
should be 'tackled in the following Jways: .

. 
J_ ,, .. -· - • 

'· 
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. ... 1 " . . . �- . ":. • 

; ' ' I •-\ • ; / ; +..- ,'. • l , I ·
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Ground Plan Layout 
;:.:rne changetin1ayout in furictiorial and layout terms improve the ratio ofare'as usedito m:t\>ve in'.the 

'building to work areas with'the.'rescilt tliat:there are-now 28JW6rk statfons available "as'Opposed to 
20 previously. The new layout guarantee's· iii addition by'way of glass partitions new adjoiping work 
areas and a considerably improved light in the inner areas of the building. Here portable computer 
work stations with low daylight requirements are being se up. A through ventilation and 'activation . . ' ' of storage heatir!g \s.made possible. � 

' .� .... !"• • • l . · �,··. �J·" ·'· ' :,·tr 'f 

Improvements Made in the Outif' Areas of the Building· · i ·" 
Thermal simaltion and analysis of ,,cold-bridge" led to the follwoifig porposals: · : 

a) New Glass: ·· - · ·�· · 

::.:1J 
I t 

The existing reflective suri•proof glass (kv- 3,0 W/m2 K) will be replaced ori:the east,:.south and 
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west sides by neutral sun-proofed glass (kv- 1,3 W/m2 K). On the north and shodowy1east wings the 
: iglass:will.::be.n�piaced:by�heat-resistantglass·'(kvi> 1s;.wf.m2 KL), The eventual k value,ofdhe outer 
:;. sheth:)fthe·building'is .. thereby reduced:from3,0 W/m2!K·to 1,5 W/m+ K;· '·:--�, .. ·r.o.:i �'fiS . .  1.: , N '. 

.... .  _,j('.,..; ".); ,_ ... . .
.... .'"t� . �, � \':"';;1,:�--;1'.�-�: ·:;, b) lf'.ixing of(he Suppor��from th�.Jrzside_:· w ,. ._ . : i ·r( ,; . �" . 

A fixing of the pairs of concrete support pillars from the inside is planned. 

' ' 
,··, �)") ' .. 

:lust by t$ng these steps th� con�ump.�on .of heat energr:j,s reduced by �PPF.??Cimat!(lY.! a third. A 
further reducti�n is possib�e j(the .¥.r .. ti����s is �l?r�ved .. · �tasur�s, ,such as Jhe repairjp.� the old 

-.insulation are undertaken in practical tests and evaluated.in ,,bluwer door'� tests. , • ·:;, ,. • , . • \: , ' I , • ' .' ' � � .'\ i � . 

. c)·Retrofittingof'thl-F��i:tde: • · · '·": ... · · ·, · 
. . 

; \, ,-

.in Simulationen \Verden 'Moglichkeiten von Doppelfassadeit �usgewertet. Simufation tests are being 
carried out on different possibilitys of twin face facades '' 

Reduce men! of Overheating 
Overheating can be reduced in the;folloWing ways:·.· ?i: 

• ·Instllation of a �W:iscreen 
· '  · · ·� · · ' : .. ' ·  :•--,,-, jJ "' '.h. 

• Reduction in the total heat energy loss through the glass (except ori the north facer) · 

• Regulation of the ventilation unit to be sensitive to external tempe,rtHmes (exclusion of 
disturbing elements .such as sun glare, room teiµpe_:r,ature, ,wind) ·. , " . 

• Through ventilation. by re-de�ign of the grQUlld plan Jayout·-.. 

• Freeing the storage heating units (removing the false ceiling) 
• Reduction of internal heat gain by efficient lighting and effective use of daylight· 
• optimizing the regulation of heating circuits. 

35 � 
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E25 Room I 
Q) 

I 520 1 � 15 �-----Room 2 
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Fig 7:1oside air temperature in two different rooms wiih different. ��n �ro�fing; · : :.: � 
'· 

room 1: curtains, room 2: roller blind with hi�ly efficient �eflecting co�p:igst . , 1 · i .;_ 
• · •. · j � 

-.!.-. . · . . c: : '�"' · '·.· . · fH' ·· ,. ' 'l" · . . .,. . • .., 

Fig 7shows.thafthe room temperature can be reduced iii tlie early-afternoon by 3 to 4 Kelvin using 
the internal roller blind with a special coating.. · ' · ' · _, · 1 ·· "! • 

'• ' , 
.. The time; when the _room temper,�ture i� ��yer 26 ce11tigrade i�;;reduc��- by at l_e._ast 90% by lr,irejng 

· heat �toJage sutfaqes. and simultaneol!sly,fl_u�hingJ)Ut;the ���t�m,_ ov� nig��'. S\lfficient ni�ht;thne 
. dluajling artd: three to four cpaI).g_�� in ctir;;..direction:-are requll,:ed. �.L , , 

·:,.:.:�:� �:,...-1 . . ;"! •• :-., i '"r� 

.. , .. Lighting .. , . . 
., 

. �) D'ciyfight . . . ·· • . , 

An improved level of daylight penetration in the inside areas of the' building �is achievetl by means 
of transparent partitioning, the use of highly ,reflective building materials ,�4. light-conducting 
elements such as a segment system or light-shelf .i, 

b) Artificial Lighting 
Atte!rofitting ·of the. lightjng unit, a new layout of the reflec�ive surfa�es apd_, making u�� pf u�to-
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date technology saves approximately 55% of electricity costs while giving considerable 
improvements in comfort). To achieve these reductions it is necessary to combine optimised 
building materials and efficient lamps in combination with regulation of lighting sensitive to 
daylight 

Ventilation Unit 
The improvement of the heat insulation of the outer facade (Replacement of the glass, kv 
1,3W/m2K, inside fixing 50mm) would enable the mechanical ventilation unit to be switched off. 
Calculations show that the current needs of the building can be met by using the storage heating 
surfaces. 

Management of the building: 
The local oparating network (LON) is being installed on the tenth floor to increase the effectiveness 
of the measures taken. This system allows for regulation of individual rooms (heat, light, sun and 
glare protection) automization of the building (night cooling in summer) as well as data collection. 

6. ECONOMIC AND ECOLOGICAL ASSESSMENT 
The gross cost of all the retrofitting work is 4 500.000 DM. Per employee a total cost of 
approximately 13.400 DM is incurred. Final result: approximately 800 DM per squared metre of 
work and movement areas for the whole building. 

Energy conswnption Costs Energy Units 
old /new old /new old /new 
fMWh/a l fDM/al [kWh/m2 al 

Heat 1016/453 81280 I 36240 173 I 77 
Electricity 161 I 90 25.700 I 14400 27 I 15 
Total 1177 I 543 l 06980 I 50640 200 I 92 
Tab l: Current Energy Consumption and Costs Incurred 

The annual savings of energie costs are approximately 56000 DM. Assuming an annuity of 7.8 %, 
700 000 DM (15%) of the total gross cost - which is approximately 120 DM per squared metre of 
work and movement areas - would pay for itself by the annual savings of energie. It should be taken 
into account however that the university as a large-scale consumer enjoys extremely favourable 
conditions for heat and electricity.2; 

Considering that the quest for energy-efficient office buildings is frequently associated with 
complicated technology, where a high level of manufacture, transportation and assembly is 
necessary - which in turn involve a further consumption of energy and raw materials - we have set 
out to prove the contrary, namely that the implementation of simple, passive changes can achieve a 
great deal. Moreover, our study proves that comprehensive research and planning are essential when 
retrofitting an office block and emphasizes that the results are applicable to other buildings. 

7. LITERATURE 
SIA 380/l und D 080 
SIA 380/4 und D 0131 
ERL7 
DIN 4108, T. 2 
WSchV95 
Rietschel 
ISO 7730 
ISO 7726 
DIN 5035, T.l, T.2 
Fisch, M.N. 
Niehoff, Reimar 
Rohr, David 
Baukmann, Volker 
Groth, Wulf 
Andreas Lahme 

Energie im Hochbau 
Energie im Hochbau 
ZeitgemaBe Loftungssysteme, VSHL I BEW 1994 
Wanneschutz im Hochbau, wannedarnmung und Warmespeicherung, August 1981 
Verordnung Ober energiesparenden Wanneschutz bei Geb!uden, August 1994 
Raumklimatechnik Band 1 ,  S. 125 bis 175, Mensch und Raumklima, P.O. Fanger, 16. Auflage, Berlin 1994 
Moderate thermal environments --Determination of the PMV and PPD indices, Geneva 1984 
Thermal environments - insti;uments and methods for measuring physical quantities, 1985 
Beleuchtung mit kOnstlichem Licht, Juni 1990 
Einftlhrung und Zielvorgaben aufdem Seminar ,,Energie- und komfortgcrechtc Sanierung des BS 4", Juni 1997 
Licht und Luft fllr den BS 4 ,  Studienarbeit am IGS November / 1997 
Beleuchtungskonzept fllr ein Borogebaude, Studienarbeit am IGS Dezember I 1997 
Energetische Sanierung der LOftungsanlage des ,,BS4", Studienarbeit am !GS Nov. 1997 
Energie- und komfortgerechte Sanierung eines Borogebaudes, Studienarbeit am !GS Dez. 1997 
Bcrechnungen mit dem Wanncbrockcnprogramm KoBru, IGS November 97 

_ 2 Current pricing TU: Electricity 16 Pf/kWh, Heat 8,0 Pf/kWh 
390 


