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ABSTRACT

This paper describes the methodology used in the Design and Evaluation Group in the project
‘OFFICE - Passive Retrofitting of Office Buildings to Improve their Energy Performance and
Indoor Working Conditions’ funded by the European Commission under the JOULE III
Programme. The objectives of the OFFICE project are to promote passive solar and energy
efficient retrofitting measures in office buildings. This is done by examining different low
energy retrofitting measures in terms of energy, indoor environment and economy and based
on this develop global retrofitting strategies and design guidelines. Ten European office
buildings are included in the project situated respectively in England, France, Greece, Italy,
Norway, Denmark, Sweden, Germany and Switzerland. To exemplify the type of results and
analysis produced in the project, selected results from the Danish and the Greek case study
buildings are presented.
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1. CASE STUDY BUILDINGS

The ten case study buildings were selected from an initial set of three candidates from each of
the countries participating in the project. The selection was based on the basic requirement,
that each of the buildings should represent a typical type of national office buildingready for
retrofit. In this way it was secured, that building types with as large retrofit potential as
possible were chosen. In addition the group of buildings should represent the maximum
possible variety with regard to type and pattern of use. The ten buildings are listed in table 1.

The ten case study buildings can be classified in five main types:

¢ Free standing, core oriented, mostly open plan, heavy structure (Athens, Florence)

e Free standing, skin oriented, mostly cellular, heavy structure (Bern, Copenhagen,
Trondheim)

¢ Free standing, skin oriented, mostly cellular, light structure (Berlin)

¢ Enclosed, skin oriented, cellular, heavy structure (London, Lausanne, Lyon)
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¢ Enclosed, skin oriented, cellular, light structure (Gothenburg)

To take into account the very differént climatio conditions in: Europe, the buildings are located
in a wide ragge of climatgs: . o

e North European coastal (Copenhagen, Gothenburg, Trondheim) . ‘
Mid European coastal.(L.ondon) ; ! o e . .
Continental (Berlin, Bern, Lausanne, Lyon) . 2 T 3

Southern Mediterranean (Athens, Florence)~ - : P e

- .f... PR, W et em - s = ce—

The total energy demand of the buildings aré rangiiig from 94 107717 kWh/m’_ per year ~while
the electricity demand ranges from 65 to 562’ KWh/m_ pér year. Part of" thls is due to; chmatfc
differences, but the age anH the function of the building hasa vrtal mﬂuence t00.. %
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- TABLE 1 hm—— e ® f mesan e s e fa
Llst of case study bulldlngs in the OFFICE prOJect T

-4

. Year of Ar:ea: 'gf'oss-]'. "Number of

Name of \ Locatio“;ﬁ
| building ; % erection | conditioned'{m .]:|- occupants
1 DanfossHeadguarter :_Nordborg Denmark | +113.400/-7,000 | 7 1000 _ I
2 Krokslitt " Gothenburg, Sweden i 1989-91 36.971:7 29,889 1000
3 ‘Postbank Berlin . Berlin, Germany 1971 | 20.200 /11,930 |, 800 I
4 || " Sentralbyge I ___Trondheim. Norway |~ 71961 | 6.440/6.200 | "300 1
i 5 | Central and West House™ London, UK 1870 |- - 1645/ 1530 =70 [ |
6-- | -~ i-- City West- : Bern. Switzérland—-- -}----1971 - |- . 25015/ 11683 -2 200 I
7 |- -~ —LESO... .} .Lausanne, Switzerland ...| . _.1982 _ . 7404740 | - 25
8 .| CassadiRisparmio | ____ Florence. Italy 1976 | 1.872/1,872 | 85
19 AGET-HERAKLIS ~ 7 Athens, Gréece 1975 9.292 / 6.403 1 350...
LeRecamier Lyon, France ; 5,040 / 4,371, - 160

—t - s e A - Ve

2.-SELECTION QF RETROFIT’I‘ING TECHNIQUES_ 2 Bl B S Dl
Thes ten-case- study bulldmgs ‘have been thoroughly mvestlgated threugh eriergy auchts-and
hrough'short ‘term and-long term-monitoring programs. Based- ‘on these actlvmes, speelﬁp
retroﬁttmg techmques have:beerrchosen for each of the buildings: The- techmques -all- aim at
improving energy performance and mdoor environment, usmg both ”passwe solar techmques

AR W TR e S 305 LIV e £ e et IR 3 o s w\p; ooyt

and enérgy consevation techmiquasT ™’

The examined retrofitting techniques includes activitieg on three levels- measurgs, scenarios
and packages. Measures are individual retroﬁmng techmques such as 1mproved msulatlon
standard, use of solar shading devices and 1mproved heating and coollng systems. In total
around 30 dlfferent measures have been evaluated (see table 2. Note that the numbers in'table
2 refers 10 the same ‘building numbers shown in tablc i Also note that the categones in table,2
mlght mclude more. than one measure Combmatrons of retroﬁttmg measures wﬂhln the

;. categorles ‘Bulldlng envelope 1mprovements , ‘Passive coohng techmques 3 ‘Electrrc hghtmg
improvements” and ‘HVAC improvements” are called scenarios. Fmaliy comblnahons of the
different retrofitting scenarios, which constitute an integrated retrofitting d651gn approach are
referred to as packages.

268



TABLE 2

ORATEE: List of measures examined in the OFFICE project: i« 4 o
. o w B . . Case Study building .., -

Retrofit measures in the OFFICE Project 123 14]5]6]7 EEEED
Improve thermal insulation of opaque elements X X I xEXR @ xExy Xy x
Replace window frames in bad condition X X [ X" x| xIll x Fxl x
Improve insulation standard of window panes X X X X| x| x| x| X
Reduce inﬁltration rate ‘ X X | X X X | x| X

{Use of mass walls, soldr walls, atria or double facades X ] X| x| X

{Ose of reflective blinds or hght shelves™ " - R X [cn X | x
Use of effective solar shading systettis ' x| xPx I xox ] x| x| x| x| x
Use of night ventilation X X x| x| x| x| x| x| x| x
Use of exposed thermal mass X X X
Use of ceiling fans i3 K i X X| x| x| x
Use of indirect evaporative cooling X X| x| X
Use of natural ventilation . . s e d X1 > X s
Use of solar protecmvbg&azmg . % X s b
Daylight responsive control of artificial lgghtmg L-Trlx Xpad xy FExIX XY
Control bf artificial lighting in response to occupancy X | X ‘ X i i
Use of HE-ballasts - .. . . ._' ____ .-L’X XX, X2 25 N i
Use of modem lumma‘nes orreflectors- ... - dp TN, X xfe’ X)X 4L L
Use of task lighting =, == == —ww el o fosf 02 bk 2 <3 WOTH B -j
Reduction i iristalled power for lighting — "= ~F =] | - | -1 [ | *] > ]
Use of heat retovery on ventilation air T X bk X1 7 X T
l{e(i_tlgﬁe;ventilation rates X Ll XT . | =EX) il i | x

: | ] : 08 ) (R (R S et s B
Improvefaneffic1ency X | X| X X
Improve mechanical cooling machines X X | X
Use of heat recovery from condensercoil ~ , » gl gk 25 LS8 SR T P e
Use of water reservoir for free cooling or for heat sink X ) O ' )
Use of efficient boiler system " : ‘ , X X | x
Use of heatrecovery, from flue gases kil , i N =L XX
Improve HVAC distribution system M b S T s 52 il A
Reduce heating set-point ' ' x BT 17 bl W il - Sl M,
Increase 'é'c')oling set-point i S KL= ] B g
p v : (554 ] F L% |

; 3, CALIBRATION OF SIMULATION MODELS =

{ LAWY Tgliin's st 298 Ayuimnely

5105 H‘

An ber of exajt and vahdafed Buﬂdmg sxfnulatxon fools have been uged’ to Snnufate the
proposeclJ retroﬁttmg measures scenanos and packages For’ energv Fétadies, TRNSYS "DOE,
ESP, TAS, “Tsbi3, and SUNCODE have been used. “For “daylight' Studiés, &ADIANCE
§UPEY{LIGHT and PASSPORT Lxght have been used. Tt 'was  actually’ pfoposed that ‘&l
: desxgn teapls should use the same type Qf simulation tool. However, due 16" costs of such a
. _procedure, 1t was decxded to let the de51gn teams use famlhar design tools. i
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As it is of vital importance for the OFFICE Project to base guidelines on well validated
results; the building models were calibrated against monitored data on.energy consumption and
temperature pattern. The monitored data wsed in the calibration process were short term
monitoring results from the summer 1997 and the winter 1998. The short term monitored data
can be divided into two . main types - Building specific data and Meteorological data. Building
specific data includes measured energy demand and measured building temperatures e.g. room
temperatures. The building specific data were utilised in two ways: As basis for comparison
with the simulated: results, and as basis for checking the input data for the building model. The
meteorological data were used to create the weather files for the simulatjon tools. Most . of the
meteorological data were in fact provided from- nearby - meteorological, stations and not
monitored on site. Some of the important experiences arising from-the .calibration process
were: 23 Led IR N g @ meh
e [t was difficult-(costly) to measure the dlfferent energy.services separately For example to
separate total electricity demand into demand for lighting and ‘office equipment.This:made
calibration of some of the energy services somewhat difficult and emphasise, that buildings
should be designed for monitoring, if results should be of high quality.
o The calibration proeess showed that often the official data:concerningset-points and time
schedules for the building services; did not-correspond with the data used in reality. This
highlights the need for be ter quality c control of such systems.
s With all the uncertalntles involved in a mmulatnon process it is almost 1mposs1ble to obtam
close accordance between simulated and méasured resilts (especia ly energy results),
Therefore it i§ usudlly more important t§ calibrate energy patterns thdn actual figures.

4.RESULTS FOR THEDANISH AND THE GREEK CASESTUDY BUELDING: -~ -

The results. reponed for the measures were annual energy demands divided on energy: serv1ces,
econemy-(saved energy- cost; -saved running COSts, - capnal costs and. simple pay back penod)
and thermal comfort- (overheating). For ‘scenarios-and packages-energy demands- per month,
préset Valile HY-IRvesHient aid Acciimulated frequetlty ctitves for” inddot  and™ sutdoot
temperatures, were also reported. In total results for 136 measures, 46 scenarlos and 11
packages has been reported by the de51gn teams. it &

Iti 1s 1mpossxble to summanse all the results obtaxned m the OFFICE prOJect on a few pages

Therefore only results for seenarlos and packages for the Danish and the Greek case study

buildings, are presented. These two buildmgs represeénts North European coastal climate and
South Mediterranean climate, respectively the coldest and"the hottest of the four ¢limate
types involved in the OFFICE pro;ect Both Danfoss Headquarter and Aget Herakhs are multi
storey buildings, which facade systems and technical systems, in general are in poor and
outdated condmon As a result the energy demand of the bulldmgs are very high and problems
with draft,, glare and overheatlng occur. The enerfrenc proﬁle of Danfoss Hcadquaner is
cha.ractensed by a very hlgh heatmg demand and a low coollng demand whlle the Aget bulldmg
is charactensed by an extremely h1gh demand for llghtlng and a very hjgh demand for heatmg

Table 3 shows the results for the exarmned scenarlos ‘and packages. Note that the results of the
OFFICE prOJect ‘shows the consequences of retrof' ttmg for the purpose of saving energy ‘Ina
s1tuat10n where a building should be standard retrofitted anyway, the éxtra costs of usmg low
energy techmques will be small, thus the 1nvestment will be more economlcal feaSLble than if
the building was retrofitted for energy saving purposes.
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Building envelope scenario: This scenario involves some of the same measures in the two
buildings: Improved insulation standard: of* envelope:fopaque elements as well as windows)
and reduced infiltraticn tate. In addition other heating reducing measures such as heat recovery
of ventilation air, reduced ventilation rate and reduced:heating set-point have beesi included in
the Danfoss scenario. Gonsequently the total energy demand has been reduced by::69% in the
Danfoss building.and by 17% in the Aget building. In the Danfoss building most of the saving
is on“the heating'demand (reduced 84%). The ventilation demand is.ireduced:38%, and the
cooling demand is actually increased 1% due to the less use of free cooling:(lower véntilation
rate)./In the Agetibuildingthe cooling demand is reduced 19%, while the heating demand is
reduced 30%.This puts the attention on the-climatic differences betweetr. North Europe,
where the main priority is to keep heat in and cold out, and South Europe where the priority
is the opposite. The envelope.scenario:are in both buildings economical feasible because of the
p051t1ve present value of the investment! = > re o TS N R e
N B J. . G ETCU: £ N T S (st .
KA s uTable 3 T b O )
Simulated results:for the Danish and the Greek reference buildings a,nd for seenarios and
packages (total gross energy demand, capital cost and Prgsent. Value)
BOTSLE LS ), !

Results for;the Danish : 8 e 5 IR S '
. _and the Greek case Danfoss Headquarter, Aget-Heraklis
study building _ ' e — ‘ ~

—
1

Energy' ' | ‘Costs' | Pre. Valie Energy - | Costs Pre. Value
[kWh/m /year]| [ECU/m ] | [ECU/m ]| [kWh/m /year}| [ECU/m ]| [ECU/m ]
Referencebuilding 331 - - 347 -
Building, Envelope 103 . 134, 226 288 57
Passive Cooling 1 272 [ 99.7 RL152° 311 14 °

Passive Cooling 2 301 104 -216 -
. Electric/Lighting:1 0328, ik 2195l sl 0y, -59< i, | L 263 85,
i_Electric Lighting 2. .} .. - 328 . ca%15.6 -42 . : A e
HVAC ] 214 ; 47.7 154 ‘ 195
= Paékae‘ i T 1791 40y

Scenarios and packages

Passwe coohng scenario: Two passrve coollng scenarlos are exammed for the Danfoss bu11cftng
Scenario 1 combines the existing mechanical coollng system (by ventrlatlon) 'with “lower
ventilation rates, and scenario 2 comblnes no mechanical cooling with the present ventilation
rates, In both cases these measures are comblned with an external BMS controlled solar
shadmg system exposed thermal mass and medrum reffecnve openable wmdows whrch allow
for user controlled natural ventilation (ventmg) to a551sts the mechamcal system It can be seen
'from fable. 3, that the most energy efﬁc1ent of the two passwe scenanos are the one w1th
,mechamcalcoolmg(IS% saving: versus 9% savmg) Thls lS "due to 'the fact, that the ‘energy
demand for coolmg already 1s qu1te low As a consequence the” energy saved by reducmg
ventllatron rates (electnclty for. f(ans and therma] energy for pre—heatmg of ventllatlon agr) are
_wo much rnore a:r the! e}ectrrcrty se,tved by not _using. mechamcal coolmg However it
should be emphasrsed that 1t 1 not neéésséry to use mechamcal coolmg to obtam satlsfactory
therrnal condmons m normal offlce burldmgs in North Europe In ‘the Acet bulldmg an extemal
,solar shadlng system is combme wrth mght coo"lmg, ceflmg fans, free cooling via ventrlatron
a1r and mdlrect evaporatlve coolmg In total 10% of the energy demand i is saved in'this way.

Of thls the largest savmg is on mechamcal coolmg (47% savmg) Both the Danfoss scenanos
aré ot economrcal feasible due to the negatlve present value arising from the very high costs
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of the openable windows. In contrast to this the Aget scenario is feasible. This reflects both
the difference in the costs of the scenarios and the difference between the two climates.
Electric lighting scenario: For the Danfoss building two lighting scenarios are examined.
Scenario 1 invalves the following three - measures: Use of HF-ballasts in all areas plus
combined o¢cupancy and daylight responsive control of general lighting in . office areas.
Scenario 2 involves only HF-ballasts and daylight control. From table 3. it cafnt be seen, that the
two scenarigs results in the same small saving (1%) on the total energy demand (44% saving
on lighting demand and 2% increase on heating demand). This means, that the most cost
effective scenario are the one which combines HF-ballasts and occupancy control (lowest
costs). The savings are the same in the two scenarios, simply because the daylight responsive
control method are so effective, that the lighting will be turned off during most of the day, thus
a occupancy control system will have little extra effect. The total energy savings are also small
due to the fact, that a saving on internal lighting will result in an increase in the energy demand
for heating. As a consequence of the small savings the present value are in both cases negative,
thus the investments must be considered poor from a pure economical point of view. The
Aget lighting scenario involves improvement of the general lighting system by reducing the
installed power, using more effective lamps, reflectors and ballasts (HF) and by using task
lighting, daylight responsive control and timer control of general lighting. In this way the total
energy demand is reduced 24%, mainly due to the reduction in lighting demand (56%), but also
the cooling demand is reduced (16%). As with the Danfoss building the heating demand is
increased (9%). Due to the very high lighting demand in the existing building, the present value
is positive, thus the investment is feasible.

HVAC scenario: In the Danfoss building this scenario involves reduced air rate and running
time of the ventilation system during winter, use of new effective fan systems and use of new
openable windows which allow for user controlled pure natural ventilation during summer. As
a consequence the total energy demand is reduced 35%, divided on a 36% reduction on the
heating demand, a 99% reduction on the cooling demand and a 83% reduction on the
ventilation demand. Mechanical cooling is almost completely avoided, because the mechanical
ventilation system is shut down during the summer. The present value of the investment is
positive, thus the investment is feasible. In the Aget building this scenario includes: Use of a
BMS to control the HVAC system, decreased heating set-point, new boiler system and heat
recovery from ventilation air, boiler flue gases and condenser coil. The total energy demand is
reduced 20% divided on a approx. 30% reduction on both heating and cooling demand. The
present value show the highest positive value of all, meaning that the investment is the most
feasible of the scenarios and packages examined for the Aget building.

Package: The packages involve the most promising of the measures from the scenarios. For the
Aget building this means all the measures from the scenarios described above. For the Danfoss
building most of the scenario measures are included except for: Medium reflective glazing,
reduced ventilation rate, exposed thermal mass, pure natural ventilation during summer, use of
HF ballasts and use of occupancy responsive control of lighting. Consequently the total
energy demand are reduced 71% in the Danfoss building and 53% in the Aget building,
resulting in a positive present value varying from 77 ECU/m_to 138 ECU/m_. In the Danfoss
building the energy reductions are divided on cooling demand (100%), heating demand (82%),
ventilation demand (56%) and lighting demand (29%). In the Aget buildingthe reductions are
divided on lighting demand (56%), cooling demand (48%) and heating demand (42%).
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5.THEEU OFFICE PROJECT

Via, 3 s e i

®

gt |
:-The “gutcome of ‘the- OFFICE project, including results and analysis- from the Design
“Ewaluation Group; are!described in the project reports, which will be publicised during 1999.
The EU OFFICE: project:is co-ordinated by University of Athens. The Design and Evaluation
Group are €o-ofdinated by The Norwegian University for Science and Technology and
«Esbensen Consulft}hg Engineers, 'Denmark.
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