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ABSTRACT

OFFICE is aresearch 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, CO, production and
indoor thermal and visual comfort ¢) 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 HVAC 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, retrofitting of the post war stock is seen.n
the property market as the major area of activity: for the next few years:and thus the
iicorporation of. renewable energy sources could :be significant. However, existing energy
related retrofittirig: actions tend. to neglect almost completely aspects related to:passive solar
heating, daylighting and passive cooling of buildings. o

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 :participatipn: of organizations and
research institutes from eight European countries, namely: France, - -Italy, Germany,
Switzerland, United Kingdom, Norway, Sweden and Denmark. The aim of the project is to
combine knowledge .and expertise acquired,, through; recent. . research actions on the
development of passive solar heating, passive -cooling.and daylight techniques; with best
expertise on retrofitting of office buildings regarding .architectural .and: engineering
interventions.

Application of energy .conservation: techniques, .as well as the: use of solar and ambient
alternative energy sources in offices, requires knowledge of the specific energy. characteristics
of the buildings. The later depends strongly on the conditions in the various climatic zones in
Europe. In. order tp, investigate the possibilities -of successful application. of retrofitting
interventions on buildings located in varieus climatic zones, a total of ten buildings have been
selected to be thoroughly investigated as case studies. The selection of the buildings was
based on the requirement to derive a group of buildings presenting the maximum possible
variety of features related to the building typology, client requirements, construction details,
location, thermal quality of the envelope, type of utilized energy sources and energy
consumption. The list of the selected case studies covers a wide range of climatic zones
around Europe, namely. North European Coastal (3 bulldlngs) Mid European Coastal (1
building), Continental (4 buildings):and Southern Medlterranean (2 bulldmgs)

Monitoring activities in the selected buildings included thorough audits and recordtqg of the
indoor and outdoor env1ronmental conditions as vyell as of the consumptlon per.. energy-end
uSse. Retroﬁttmg studies involved an assessment of the nnpact of proposed mterventlons on
the energy performance of the bmldmgs as well a,s an economic evaluation of each proposal
”Ihe results for each case study were presented in, the form of brochures presentmg hlgh
quahty examples of representative ) retroﬁtted office buildings i in vanous parts of EuropeY g

Data from energy audits in the above buildings; as well as from the 'e'riergy simulations were
used in order to develop a Rating Methodology classifying office buildings according to their
energy consumption, CO, production and indoor thermal and, visual. comfort Simulations
were also run in order to derive the necessary mformatron for an "Atlas descrlbmg the
technical and economical potentral for energy conservation of selected retrofitting scenarios
for dehned types of office bulldmgs in different climatic zones of Europe Flnally, the main
research results” of the - pro_lect in the form of desrgn guldelmes performance cnterla and
methodologles for best practice gwmg credrt to renewab]e energy soprces mcorporated mto
office buildings, were all included in the De51gner s Handbook. .

A e R | A e s 4Rt F R LIS A IR O R LA SRR T i R T (L e e ey T e TP

2. MONITORING OF THE CASE STUDIES

Loy ETIERCAYS ™D BT L

The present state of each of the selected bulldmgs was | thoroughly mvestlgated using
standardized questionnaires for energy as well as indoor air quality auditing. In situ
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inspections were carried out by a group of experts in order to collect data regarding the
architectural and engineering characteristics as well as past energy consumption. data for the
case: studied: buildings. Fu thermore, the -actual thermal.and energy performance of the
buildings-was monitored for an 11-month period. During this perrod the followmg data were

recorded on an hourly basis: i LR ! B Sy

e Climati¢ data -from the nearest meteorological station: outdoor air temperature .and
. -humidity;:global solar radiation, wind speed and direction :

e ::Indoor ait:tefipétatire at representative locations on the typical ﬂoor ab W

e "One supply -and One central exhaust air temperature

Furthermote, the total ehergy dorisumjition ahd”r?ts breakdown for heating, cooling, lighting

and equipment was menitored ‘either using special watt-meters or by reading the meters

already-istalletiin the buildings. In the later case the recorded values weré'monthly averages.

Short term monitoring activities involved extensive and detailed hourly recording of indoor
and ‘outd6or temperature and energy conSumptiori' for periods of one month during summer
and ﬁmhter Speelﬁcally the follomng parameters were monitored: -

STRE T e TP ; PReEN L _, iy,

Outddor condrtlons (either at the location of the case study or at the nearest metgorological
station: arr temperature and humidity, wind speed and direction, direct and diffuse ‘solar
radratron

e Indoor air temperature at various locations in the burldlng
-*One cent al supply air témperatire ' 7 71

o ‘One exhaust air temperature ol -

 Electrical consumption for the whole building 2 it o Wi
Electrical consumption per energy-end use for thé whole® buildmg

Addltronally, specrﬁc experrments were carriéd out'in otdér to assess the quahty of the indoor
envrronment regardrhé’ lighting and ventr]atron The " information “collected * duting’ the
momtor‘mg activities 'and the audit ‘was uséd'in order to spot the préblertss in each’ burldmg
and Spemfy the main dréas of intérvention. Moreover, the ‘data from theshort termy momtormg
periods whre used i m order to develop more: ‘accurate compu‘tatlonal models representrng the
actual state of the ‘buildings as “close’as’ possible. These models- were the' Bisis” for-the
assessment of the retroﬁttmg mterventlons proposed for each case study
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Based on the mfonnatron collected durmg the energy audits 2 as well as on theé analysis of the
data_from the momtormg campaigns in the 1nvest1gated burldmgs specrﬁc retrofitting
mterventrons were proposed for ‘each of them accordmg to thelr mdrvrdual problerns and
requrrements as they came ouf from the above analysrs gk -

das : i

Efficient application of energy retrofitting measures in office buildings is mainly related to

the application of systems and techniques dealing wath: =~ . . . . . = T

R LA e

e The use of passive solar retrofitting options
. The use of measures related to the ratlonal lise of « energy
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The proposed interventions can be classified in the following categories: -y

e Actions aiming to improve the envelope of; the building and introduce passive solar heatlng
techniques and components.

e Actions aiming to result in a reduction or, wherever possible, complete removal of the air
conditioning. g y '

e Actions aiming to improve lighting conditions, decrease the energy consumption for
artificial lighting introducing daylight. .

» Actions aiming to improve the efficiency of the selected bu1ld1ng services, like HVAC

.. system, production units and domestic hot water. ' | .

Actions aiming to improve the envelope of the buildings were class1ﬁed in the followmg
major types: 1 Sk B 5 A

N ' le i L i

Reduction of the heat transm1ssron through the bu1ld1ng envelope by 1nsulat1ng the

‘external walls, roofs and ﬂoors

e Reduction of the heat transmlssmn through windows and doors, by replacmg framep 1n bad
condition with new ones as well as by replacing single with double glazings .

¢ Reduction of infiltration by sealing the window frames.

e Integration of passive solar heating and daylight:components.

» Improvement of natural ventilation and solar control. -

[
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Retrofitting actions aimingto improve thermal comfort conditions ‘during the summer period
and decrease the cooling load of the buildings involve the followingfinterventions:
e Interventions a1mmg to decrease solar and mternal heat gains 1n the building. - These
include mainly use of more efficient and appropnate solar control devices, as well as
minimization of internal gains. | R
o Interventions aiming to modulate the solar and 1ntemal heat galns in the bu}limg These
~ involve the use of mght vent1lat1on as well as techmques takmg advantage of the thermal
" mass of the building’”
e Interventions aiming to dissipate the excess heat of the building mto a heat smk of a lower
temperature like the ambient air, the ground, the sky‘and the watet. Thése involve the use
.. of ‘¢eiling fans; natural ventilation strateg1es econ0m1zer control technlques and use of
evaporat1ve coollng Systems #le P d g
® ezt 5 . . ag i % i ok Wiva A® 5 et Al ¥
hi:corder " to¢! 1nvest1gate the ‘effectiveness ‘of various Tétrofitting interventions to the
improvementof the éfiergy performance of the: investigated buildirigs,  different types of
act1ons were studled ‘Tanging -fror 51mple to- global approaches Regardmg the rétrofitting
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. Measures mvolvmg S1mple actwns affectmg only-one of the abave categonesm Az
. chnarlos involying.combined actions affecting only:one of the-above: categories -
».. Packages, involving integrated solutions..involving : the .most -efficient combmatlon of
actions on all of the above categories Ja0E

The retrofitting, studies; for each building invalved-an assessment:of.theproposed measures;
scenarios, ,and, packages from. bothi¢nergy: conservation; and- econdmy related: :aspectsi«The
impact of each action on the energy performance of the buildings was assessed through:
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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collected during the short term monitoring periods. The economic feasibility of each of the
propoesed actions is expressed in terms of the pay back as well as amortization period. -

BERERNE i YA O

4. RATING METHODOLOGY
Two types of methodologies are actually considered in the framework of the OFFICE project:

a) Methodologies classifying buildings according to their energy consumption-for allicases where

only energy data are avallable

AT gl A s,

b) Methodologies classifying buildings according to their energy consumption “and indoor
environmental quality involving thermal comfort, visual comfort and indoor air qual1ty

The aim of the new labellmg scheme is to improve indoor envrronment together w1th a
reduction of the energy consumptlon and environmental 1mpacts while other existing rating
methodologles mainly focus on energy consumption only Three techniques have been
considered.

A) A ranking methodology based on a, multl cr1ter1a analysrs technlque -to rank buildings
taking account of several criteria related to: .. 'da. ., _
e Energy use for heating; cooling, lighting and other appllances
e Impact on environment (greenhouse effect, a(:ldlty potenttal etc,.) .
e Indoor envirenment quality. . B T g : o 2 b

The methodology is based on a total of 40 parameters. The ranking methods can be used for:

e ranking buildings of a'given building stock acCordlng to several criteria, thus helpmg in
the determination of priorities for retrofit - .

e ranking various alternative retrofit scenarios, helping the choice of "the' best" oné"‘not
**only from one'point bf View, but for'a combitiation of cr1ter1a Lt =
* détrmining if'a retrofit building is really better than ‘the 0r|g1nal one f,rom all the
cons1dered pomts of view. ’

i ; dEad AL BRI BE

B) Energy ratmg methndologles based e1ther on &1 A 3 o g
.o the objcctwe definition of d1s10mt classes for energy consumpnon from statlstlcal

data and crisp rating the considered bu1ld1ng into one of <these classes;. o1 ;s34 -
e using the Fuzzy C-means algorithm to define, from statistical data, building clusters
with respect to energy consumption and locatipn of the-considered -building inte one
N of these clusters: The clusters are positipned- in.-d;;twe- OF. three-dimensional, space,
.7 ¢ach coordmate being.a parameter charactensmg the, bulldmg (e.g. energy for. heatmg,

for coolmg and for other,appliances). .« - v o ooaep 0 meepome s i

C) A relative classification technlque based on the use of principal component analys1s to
rank many:buildings from a given building ‘stock according to several criteria related tof
energy and-environment (internsl-and external). The-methodologyses 4s classification’
‘parameters quantitative-(energy) and' qualltatlverarameters i(domfort,” dayhght fmdoof’
quality). STENEIAG 5 e 20 L) B Tl et

The: rating methodologies aresused to. compare: 4:given building with:standards’ or 'With"’ ab
average situation,sand to detevmme if the consuiered buiidmg comphes wlth regulaﬁons UAle
5 'ATLAS . Y Gt ] ! 1 N ¢ " : GU LI ' ¥ Ty
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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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