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Several years ago the concept of energy savings was considered primarily as
an inportant psychological and political issue, but of little quantitative
significance. This was oniy a few percent, just a "drop in the bucket', when
compared with the inevitable increase in enérgy censumption. Times have changed,
kowever, and energy savings has come o be considered as a veritable "energy
source''. In effect, this resource is enormous, and referring only to that which
is technically feasible and economically attractive, energy savings is one of the
mast promising energy resources of the coming decades. It is a matter of fact
that an increasing number of studies in this domain indicate that the rangs of
energy savings possibilities 1s between 30 ang 50%, depending upon the specific
application, and in some cases as much as 80%. These percentages are quite large,
and 1f it is tyue that the effects of recession must alsc he considered, most
cbservers claim that, in gemeral, the recent significant decrease of world-wide
oil consumption is due primarily te the implementation of savings techniques.
Their potential, however, is far from being realized, and it is understood that
it will be neither easily nor rapidly obtained. It will be necessary to do thorough
and detailed research, to develop new technologies, to industrialize them, and to
sell them on a vast market where the decision-mekers are mumerous, dispersed, and
have very different needs, tastes, and perceptions. It will also be necessary to
inform a largs nurber of people, at all levels, about the present state-of-the-art
of energy savings techniques. This is not trivial hecause even the specialists
are often umable to confidently respond to concrete guestlons concerning the
technicalities. of energy savings. This is, in part, due to the fact that the
available information is very dispersed. For a given practical application, pilot-
project houses for example, it is difficult to know the references, the objectives,

wheve the research was done and what was expected.

The purpose of this work is to present in a coherent and organized form the
results of current research. It is known that the International Energy Agency
({BA) inspires a great mumber of research projects in many countries. These
projects encompass all domains from fusion to selar energy and including heat

pups. This brief volume is intended to be of a relatively general nature.



We have attempted, by presenting the work of the TEA on energy savings, to give
an overview of the results of the current research in the areas related to
buildings and household appliances. We hope to conduct a future study which
will be more substantial and more techmical. In the course of the following
chapters it will be for the reader to judge the impertance and relevance of the
research results. He will appreciate as well those domains which must be sponscored
and are in need of further development: air gquality and air renewal control,
inhabitant behavior, construction standavrds, statistics on documented retrofits,
economic attractiveness of these retrofits, etc.

In 1978 the Federal Office of Buildings published a report entitled
"Energy Savings in Buildings - status, shori-comings, and research priorities"
{1). In the same spirit of that report, the present study addresses itself to
the building professional as well as to the motivated layman whe is interested
in energy conservation. We will often use the temm "energy conservation"”, which
is becoming quite widely accepted, to mean the set of all measures. appropriate
to the most efficacious pessible use of energy resources: energy savings,

raticnal use of energy, substitution of ons form of energy by anmother, etc.

In the first chapter, we will initially analyze the research which copsiders
the total building as the unit entity. In the following chapter the research on
the passive components (walls, windows, etc.) is presented, and in the third
chapter the active compenents (heating and ventilation systems) are treated.

The fourth chapter concerns itself with energy savings in the household appliances
sector. In the fifth chapter we present the statistical and econcmic studies. In
this chapter the energy savings measures along with their economic attractiveness
and the resulting impact that they could have on the energy consumption of
buildings are presented. Finally, the last chapter is dedicated to some general
thoughts and recommendations. Interested readers will find in Appendix I a
summary descripfian of the IEA projects relating to energy conservation in the
building sector. Appendices IT and 11T contain an exposition of some hasic notions

cencerning the heating of buildings and the economic aspects of energy conservation.

Finally, it is necessary to state that this document has been prepared in a
relatively short time and it is thus inevitable that there ave somz omissions. We
hope that we can improve this in the following editions and are depending upon
our readers to send us their comments and make us especially aware of those pilot-

studies of those research projects that we have not mentioned.
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CHAPTER [

The principal research goal in the area of buildings is to examine the
feasibility of low energy consumption. This problem can be approached from a

fundamental point of view by thoroughly studying the whys and hows of the

energy conswmption of buildings. Thus, from this perspective the first part of

this chapter will consider the calculation methods involved, the instrumentation
of test-buildings, the problems of alr remewal, thermal comfort, construction

standards, and thermal retrofit.

It is also pessible to approach these problems from a more pragmatic point
of view and consider that, even when all of the details are not well understood,
the low energy pilot-buildings play a very important role, in general 1t suffices
to know the specific consunption i {before and after the renovation if it is
a bullding retrofit), the degree-day figure for the location, the building
characteristics with regard to insulation and heating and the additional expense
attributed to thermal improvements. In reality, even this elementary information
is often very difficult to obtain. In the second part we will briefly present
some of the particularly interesting pilot-buildings and retrofit projects'in

Switzerland and in the world.

* . . . .. I z
) The specific consumption (energy index) <ie measured in megajoules per m
«
per year of heated surface arvea. 1000 MJ/m° corresponds to about 24 kg
. oy B - . K . e g
(heating oll}m" year. The sonswmption par m” is obtained by dHviding

by 8,5 : 10 kg/m™ = 4 kg/hg year.



FUMNDAMENTAL  PROBLEMS

A -thorough understanding of the energy behavior of a building means the
capability of making very exact calculavions of its energy consumption by taking
account of different factors such as the building characteristics, inhabitant
behavior, climatic data, ete. It should be equally possible to predict the extent
to which that consumption will be reduced if this or that thermal mprovement
measure 1s taken. In order to increase and develop our knowledge in these areas
it 1s essential to place particular emphasis on studying the following problems:

numerical caleulation methods capable of calculating the energy behavior of a

building, detailed measurements {(instrumentation) in test-bulldings which permit

acmmaﬁmnbmm%ntMaﬂmxﬁhmipnﬂﬂimmsmétM'&M&@,mﬁ;ﬁ&dms

of air renewal and thermal comfort in which the behavior of the inhabitants nlavs

a primary role. Fimally, hecause the application of this new knowledge poses a
certain number of fundamental problems at the level of their large scale imple-
mentation, there is a meed to examine certain problems related to the development

of new construction standards and the thermal retrofitting of existing bulldings.

Each of these issues will be discussed in turn.

1) Calculation methods

The research in this domain has taken three main directions:

= The development of calculation programs that should be as complete and as

close to reality as possible. These types of programs are very complex and this
implies the need for highly trained personnel. Such programs could be made
available to potential users by specislized institutions. Considering the expense,
such 2 service would be justified, for example, in the case of camplex buildings

with air conditioning.

= The development of simplified calculation programs, which can be run on & micro-
computer and which could become the principsl tool of tomorrow's enmergy engineer,
The limitations of these simplified programs should be carefully evaluated and,

in particular, by comparing their results with those of more complete programs

or with experimental measurcments.

- The development of calculation rrograms whose purpose is net to calculate
the consumption, but to direcdtly establish a list of CRergy Saving measures

ordered according to their economic attractiveness.

There already exists a great number of computer programs in many ceuntries,
and the goal of one of the IEA's research projects (Project I} has heen to
coliect the different programs and determine their coherence. This nroiect
enabled EMPA to install and use the Berkeley program DE-II (2) in order to
adapt 1t toc Swiss conditions. Currently under study is the nossibility of
eventually making it available as a public service. This tyne of program is
rarticularly suitable for complex buildings (service buildings) with ventila-

tion and alr conditioning.

The comparison of caiculation vrograms conducted within the framework of
Project I was princinally concerned with a fictional air conditioned adminis-
tration building. The operating conditions of that building have hesn ex-

tremely simplified: only one climate zone per flcor, constant temperature both

day and night, absolute air-tightness (no infiltration), ne_shutter movement,
ete. An examination of the results indicates deviations on the order of 10 to
15% with respect to the mean for guantities such as the maximum power required
for the air conditioning system or the total energy consumption. (ertain
initial divergences on the order of 50 to 100% have heen explained by PTOgTAN
errcrs. The remaining divergences, however, seem to be more closely Telated

to the methods utilized, in particular, for the calculation of solar gain {3).

As the comparison with this fictitious building was not totally satis-
factory, a project entailing the detailed comparison with z real building was
initisted (Project 7¥). The chosen bullding is located in Glasgow, and it had
been instrumented during 1980 so that the first simuiation could be done in
1981. It 15 a relatively complex commercial building with air conditioning and
it is anticipated that about a dozen programs will be used for its simulation.

Switzerland and the United States will both use the program DOE-II for the task.

In addition to the program DOE-II, there exists a mumber of other computer
programs in different countries. These programs can be generallv classified in
wo categories: complex programs that are most appropriately suited for
complicated buildings and which require a substantial amount of time for hoth
computation and the preparation of initial data, and simplified programs which

are most appropriately suited for residential houses.
PPTop ¥y



Project ITf-4 of the IEA has provided the cpportunity to make = comparison
between two large programs, including DOE-TT, twe simplified programs calculating
the thermal load on an hourly basis, and seven simplified programs based upon
more or less static methods. The programs were given the task of simulsting a

fictitious building of 64 apartments on eight floors {the "Technikern" building)

-

{5} and an instnmented, electrically heated house of 110 mz situated at
Vetlanda in Sweden (5). For the house, the electricity consumption was measured
with and without inhabitants and meteorological data was taken for more than
six months. Studies in which different parameters were varied were also made:
modification of the windows, decrease in the amount of insulation, night
temperature set'back, installation of an insulating carpet, increase in the
ventilation. Switzerland participated in this project with the nrogram JAENV
from EMPA (73 and DOE-II. The final report will soon be published. The first
‘results show differences of more than 30% bétween certain programs for
"Technikern” and of the order of 15 to 20% with regard to measurements for the

Yetlanda house (5}.

Aside from the project of the IEA, EMPA has recently published the results
of a computer program (7} concerned with the energy consumption of typical Swiss
buildings. This program called JAENY, is based on daily climatic data and is
simpier than the DOE~T and II programs. The concliusions of this work are
interesting: the k-value and the inside temperature are really the determining
parameters whereas the influence of the size of the window and the thermal
inertia are not particularly significant factors. In addition, the energy index
of apartment buildings should be half the index for small houses. It is neces-
sary to stress, however, that this program has not been experimentally validated,
and with Tespect to the relationship between the energy consumptions of larpe
buildings and houses, the results of the statistical studies on energy indices
.contragict this prediction. The curves cbtained by JAENV are reproduced in

figure IV of Appendix IT.

One other interesting conciusion of this work is that for buildings designed
within the framework of classical architectural principles, it is possible to
reduce the energy consumption for heating by a factor of two by increésing the
insulation in the walls and decreasing the rate of air renewal, both in

certainly acceptable proportions:

~7

exterior walls ¥k 0.9~ §.3 W/mzK
windows T ko: 3.1 + 2.1 W/mZK
inside walls kK 1.5+ 0.6 W/
ventilation Ao: 0072+ 0045 BT

The other programs in Switzerland that should be mentioned are TRNSYS of
EPFL (8), IGLOU from Motor-Colombus (8) and, for the study of passive solar
houses, the program DEROB of the University of Texas which is also available
at EMPA (4).

Most of the research on simplified programs, for exampie those applicable
for microprocessor use, has been done cutside of Switzerland (10). It should
be menticned that BerKeley {11} has developed an energy sudit program for a
house whick can be vun on g portabie microprocessor. The audit gives an
ordering of energy saving measures according to their economic attractiveness.
Micro-computers can also be used to analyse low energy passive solar houses (12).
This trend towards simplification, given that energy savinss are a practical
goal, will certainly have to develop just as the trend towards the more
thorough understanding of fundamental building physics. The development of
this knowledge is necessary because even if in principle the eguations which
describe the relevant phenomena are known, there Temains the practical problem
that even in the simples:t of cases exact solutions are very difficult te obtain.
The approximations of classical calculation methods are generally only valid
for the relative comparison of simple variations of the same building. They
can give no guarantee as to the absolute value of the results and can be
hardly relied upon to yield useful information sbout structures that contain
elements of non-traditiomal architecture: these include increased insulation,
reduced infiltrations, solar contribution, etc.

Various theoretical research, especially in the United States, has been
undertaken in order te develop computer programs which would be very relisble
and more precise than the classical models. Let us mention twe problems that

have been recently studied:

The first example is that of heat exchange by natural convection.

A recently published disertation on this subject (13) shows that the convective

exchanges with the surfaces of a heated enclosure are strongly dependent on the



distribution of the surface temperature. The use of an average surface
temperature Can cause errors on the order of 100%. This type of effect is
particularly important in passive solar constructions where the surface is
heated by the sun.

Another category ¢f problems concerns the correct calculation of the

solar contribution to buildings. This problem partially explains the ohserved

divergences among the predictions of different computer programs studied in
Project I of the IBA. In 1978 a disertation was written on analytical models
of passive solar houses (14). This has enabled the development of the

simplified program for a micro-computer that was previously mentioned (12).

2] Instrumentation

The detailed comparison of calculated predictions with real buildings
necessitates their very complete instrumentation. This means that the building
is eguipped with apparatus that measures climatological date [outside temperature,
insolation, wind speed), the inside temperature, the duration in which windows
were open, the energy contribution recorded by the metering of the amount of
heat, gas or electricity, etc. In,Switierland, the principal projects are
La Sallaz (EPFL} (15), Maugwil {EMPA) (16} and the retrofitted buildings on
Limmatstrasse (BMPA) (17) in Zurich. In addition there exist a large number of
projects that have been undertaken in 2 more ovr less independent fashion, and
a perusal of these projects immediately indicates that the different measures
are, in fact, difficult to compars. Thus the establishment of standards in
this area 1s essential. Pﬁcject I7r-g of the IEA concerns precisely the writing

of an experimental design handbook for instruments and measurement techniques.

The Swiss contribution to this project is conducted by the EPFL [13).

bj instrumented buildines

In Switzeriand there are the two buildings being studied within the
framework of Project ITI-C of thé IFA (Maugwil and La Sallaz) and the project

financed by the city of Zurich and the NEFF on Limmatstrasse.

The building at La 52llaz:  This project. is being conducted by the EPFL and
its main goals are a detalled study of the major
components of the buildings thermal balance, a comparison with theoretical

consunption calculations and the influence of inhabitant behavior. The building,

constructed in 1975, contains 24 apartments and was instrumented in 1980 and

it is expected that a controlled retrofit is forthcoming (15}.

The buildings on Limmatstrasse: Both PLENAR and EMPA are responsible for this
project. The purpose of this pilot experiment

1s to investigate and compare the possibiiities of thermal improvement in urban

dwellings. There are 25 houses of nine apartments each, constructed betwesn

1908 and 190%, which have been retrofitted according to divgrse schemes (i?J.Before

the vetrefit (1976/1977) climatic data was taken (outside temperature,

insclation, wind speed, etc.), inside temperatures and the energy imputs (heat,

gas, solar, etc.). In the retrofit, supplementary insulation of outer walls

was applied inside {(k = 0.5 to 0.4 W mzK) and triple gazed windows were

installed. Among the systems tested were heat pumps, solar collectors, and

microprocessor controlled heating systems.

The house at Mauwgwil: EMPA 15 leading this task {16}, and it inveives a non-
iphabited house in which data has been accumilated
since the sumper of 1979 and this is projected to continue until sometime in
1881, Soms very detailed measurements have been made especially concerning
gir infiltration. The results indicate that even theugh the house has been
carefully constructed, only 20% of the Infiltration occurs at kmown openings
(windows, doors, etc.) and 80% at unimown openings (123}, The total collected
data will enable a detailed comparison with the simulations of the program
DOE-11 under the auspisces of the IBA's Project II7-4 and validate realistic
methods by which air infiltration can be calculated. Finally, the energy
consumption data of this non-inhabited house will be compared with that of
very similar houses in the same neighberhood in order to deduce information

about inhabitant behavior.

Other houses that have been instrumented in Switzerland are at Begnins
(18), Payerne (19) and Zug (20}.
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Outside of Switzerland there are of course many instrumented houvses.
For instance, the IEA projects at Glasgow and Vetlanda are instrumented in

erder to provide data for the comparison of calcuiation programs (16].

3} Air renewal

The energy consumption for heating depends to a great extent on the air
renewal rate. In a standard building this consumption represents 20-30% of the
total. In a low energy consumption building, however, and in propertion to
the increase in insulation, the fraction of heating energy that is used to re-
eat fresh air increases rapidly to over 50%. In order to continue the reduction
of energy consumption for heating, it is thus necessary to thoroughly study

all the aspects of fundamental problems related to the alr change Tate.

a} instrumentation

It is first necessary to determine with precision the air change rate in
& giver building as well as the instrumentation and the methods amenable to a
normalization which allows for a comparison of data between various countries,
The IFA, within the framework of its Froject V, is therefore preparing a

handbook on air infiltrations, their reduction and measurement methods and

instruments. The Swiss contribution to this handbook is being written under a
mandate from the Federal Office of Ensrgy and the measurement technigues are
being studied at EMPA (21, 1233,

A very important and related problem is the air quality. Air renewal is
necessary because of chemical, and possibly radipactive pollutants and the
simple need to eliminate.odors. Numerous works have already been completed
outside of Switzerland in this subject (22}, There is currently 2 project ip
Switzerland at the HTHZ (23).

An important result emerging from these experiments is that the air
renewal Tate cannot be easily lowsred to less than 0.5 air changes per hour.
It is for this reascn that most of the recent pilot-houses with very low

energy consumpticn use air-to-air heat exchangers. This ensures an air renewal

compatible with the requirements of meintaining an acceptable air quality while
recovering the maximam of the heat from the stale air to be expelled from
the dwelling (243,

Project IX of the IEA, which has been proposed by Germany, is stated to
determine the minimum acceptable air change rate in dwellings.

Switzerland also participates in this proiect.

in order te cellect information concerning problems of air infiltration
{non controlied air renewall, Projest V of the IEA has established an Air
Infiltration Center in England ({25). This center publishes a periodical and
technical publications which can be obtained at EMPA. The coordination of this

project is EMPA's responsibility.

Another question ' is the behavior of the inhabitants who, independently
of scientific facts, have certain habits which it would he advisable to know.
The projects at Maugwil and La Sallaz are partially committed to the study of
this behavior.

In low epergy buildings ventilation habits can modify in z noticeable
fashimnthe average alr change rate, and can thus considerably increase the
consumption of emergy. In a German study on 2000 apartments (26},'it was
observed for example, that in 40% of the cases, the dining room window was
open for approximately 15 minutes one or two times during the course
of a day. On the other hand, in nearly 50% of the cases the bedroom window

could be easily left open for more than an hour per day.

In order te thovoughly study these questions, Switzerland, at the
initiative of EMPA (27], has proposed Projest VIIT to the IEA in which the
goal wouid be to precisely analyze the behavior of the inhabitants with
respect to ventilation. Several countries have already ammounced their
eventual participation in that project and it is possible that the Ffinal

contents of this proposal will be accepted in 1981,



In the areas of air quality and renewal the following trends can be
noticed (28):

- censtruction of buildings with reduced uncontrolled air infiltrations;

~ mechanical ventilation with flow control as a function of needs and
heat recovery;

- air quality monitoring;
- accounting for the number of cccupants;

- improvement of ventilation for the elimination of poliutants and tobacco
smoke;

~ creation of zones reserved for smokers;
- cdevelopment of new alr cleaning apparatus;
- control and elimination of pollution sources;

- improvement of air distribution systems.

4} Indoor climate and thermal comfort

From the physioclogical peint of view, building occupants are subjected
to an enviromment characterized by a certain level of light, noise, and to
what. is tewmmed as indoor climate. This enviromment and indoor climate should
satisfy certain requirements dictated by hygene, comfort, and if yelevant,
the nature of occupant activity (work). The indoor cliimate is characterized
by the two principal elements of air quality {(discussed in the preceding

paragraph) and thermal comfort.

Six factors determine thermal comfort, which can be defined zs the mamner

in which the occupants sense the characteristics of the surrounding air {29}:

the occupants activity level;
the occupants clothing level;
the air temperature;

the relative air velocity;
the thermal radiation;

the humidity.

Ch oL s el b

The two '"people'’-factors, 1. and 2., are conventionally described by umits
corresponding to a standard metabolic activity (1 “met” = 60 Wymz: the.
metabolic activity of a person sitting) and to a standard clothing

(1 "clo™ = 0,155 mzkfw: the level of clothing of a man wearing typical

R s R s 2
business dress, which corresponds to a coefficient k of 6.5 W/mK).

Within the past few years there has been some important ressarch
attempting to scientifically determine the requivements of sentient comfort
as a function of the six aforementioned factors. The results of z Danish
study (30) indicated that the "optimum'' temperature for a clothing level of
1 clo and an activity of 1.2 met {seated office work) was 229C. Under the
same conditions other experiments showed similar results, but sometimes
indicating this temperature to be lower and on the order of 21°C {313.

Several remarkable conclusions emerged from these studies:

- For a given set of activity and clothing conditions, the diverse external
factors of comfort (temperature, mumidity, relstive air velocity, stc.) are
practically independent of the sex and age of the people as well as the

other parameters of the enviromment (noise, colors, etc).

- The human organism is extraordinarily sensitive to small variations in
these comfort factors. For example, drafts greater than 15 cm/s, a temperature
difference of 3°C between the head and the feet,...can engender feelings of

discomfort.

- Au additional, though even somewhat slight, activity or clothing level
can easily decrease the optimum comfort temperature by several degrees.
Figure I, for example, indicetes that for office activity (1.Z met}, the
addition of a wool sweater {0.3 clo) lowers the optimum comfort temperature
by about 2°C (2953,



b An important consideration with regard to these studies is that the
O : : . ;
ot 8 efforts taken, from an energy conservation perspective, should guarantee not
gs only a reduced energy conswiption but also an increase in comfort. In this
w0 = A, e .
€3 5 sense, however, it is important to distinguish thermal comfort, as it is defined
@ : . . . .
Eo w in this paragraph, from ''social comfort™ (which corresponds for example to
gg} {4 @0 the habit of heating all the vooms of a house for the whoie day} and “operating
j‘gww —_— @ comfort” (which cerresponds for example to the habit of ignering the possibilities
[o] [ - . . .
o = ;}-—f = of manually controling the functioning of the heating system).
0 i It 1s well known that & 1C decrease in the inside temperature yields a
j=id
= reduction in energy conswmption on the order of 5% (7). Similarly to the
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i = 9N % ; 5 reduction of the air exchange rate, this decrease has direct consequences on
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o s the indoor climate and thermal comfort. Fer these reascns, the research in
=
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£ g - localized heating and cooling which ensures the comfort of the individual
i~ o at the specific place of occupancy;
o o . .
- o _‘] L: ~ decrease in the velocity of drafts;
o . - . - . P .
o O o - implementation of temperature profiles as a function of hours in the day;
= g -
a: vl - sophisticated temperature controls;
=5 & - individual temperature controls;
e : )
-g w - vertical tempervature control;
$ g - development of new work clothes;
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o . - . .
- 5 - development of standards based on human needs, ensuring a constant comfort
T T T : T T o é *é rather than a constant temperature.
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i:zat.ﬁj BADY KQMF}OV g 5) Construction standards
Wy
; —_ é In Switzerland, construction standards are developed by the Society
'y
D ‘5 O o of Engineers and Architechts {SIA) (32}. These standards are then eventually
I = UE— o introduced into cantopal legislations. Because the life time of a building is
=5 -
- - . - . . - - 3
%3 5 2 =l relatively long, it is appropriate that the construction standards as well
3? g as their subsequent modifications showid be thoroughly studied. Since 1873
numerous countries have adopted new conmstruction standards and, in 1977, the
SIA introduced standard 180/1 {revised in 1980) concerning thermal insulation
{
Figure | ' of buildings, and in 1980 the standard 180/3 concerning the calculation of a

building’s amnual thermal ensrgy load. The sizing of heating plants is

prescribed in standard 380 of 1975 {revised in 1980).



There are two research projects vegarding these standards currentlv in
progress. One project, conducted by IMPA, is the development of an apparatus
to measure the coefficient k of existing walls (33). Such an apparatus will
allow for the verification of the correct applicaetion of the standards and

for the measurement of the characteristics of old walls with a view towards

their thermal retrefit. The other project, under the auspisces of the N

is a study by the S5IA on the yevision of standard 380 (34).

The 180 series of the SIA standards nrescribes a procedure which is
referred to as the "admissible average k"', or the k method. Apother method,
applied in France, for instance (35), uses the coefficient "G". With the

definitions given in Appendix 11:

The parameter G, which accounts for transmission losses {K) and air renewal
losses (1), characterizes the thermal qualities of the building because it is
approximately proportional to the energy consumptilon for heating. The method

using the coefficient G consists of assigning it a maximum value as a function

]

of different criteria such as the geographical location and the building type.

The method of the average k coefficient, used in Switzerland and Germany
in particular, consists in determining an admissible maximum value for the
parameter k as a function of the building form factor A/V, the altitude at

which the building is located, and the indoor temperature of the main rooms.

In addition to the maximm k value, the standards prescribe the maximum
values for the respective coefficients k for each of the hullding components

as well as for ventilation and zir infiltration rates.

The iustification for the principle of the methods "admissible average k"
or "coefficient G", iz the idea that they yield an energy consumption per unit
of heated surface area which would be equal for all buildings of the same
shape, geographical location, and purpose. These methods thus essentially

tend toward standardizing, but not minimizing, the energy index.

Several comments can be made with regard to these methods. In particular,
a detalied analysis of the SIA standards shows that the insulation of the

iarge apartment buildings on the Swiss plateau ¢an still be improved (30).

From the perspective of energy conservation, at least in principle,
other methods of normalization are possible. More specifically, there are
methods which minimize the huilding's energy consumption in an absolute senso
by imposing conditions of uniform insulation, via more severe maximm k values
for each of the respective building components. The following table comparcs
the maximum admissible coelficients k for Switzerland, Denmark, and Norway.
Por Switzerland, the model regulations for cantonal prescriptions on thermal
insulation preposed by the Confederation prescribe more severe maximum k-

values for certain exceptional cases (37).

maximum admissible k coefficients

| i
! Switzerland Denmark } Norway
(19773 (1879 i [proposed)

Outside walls 0.6 0.25 0.35 0.4
Windows 3.3 2.7 2.0 2.6
Roofs ’ 0.5 0.2 } 0.2
Floor over cellar 0.8 0.3 G.3
Floor over ground i 0.8 0.4 0.3

! . i

Another conception, related to the development of calculation programs,
leans toward the optimization of a larger number of parameters (particularly of
the solar contribution}, which not only allows for a minimization of the build-
ing's initial cost, but also of the total, integrated life cycle costs. In the
United States the Department of Energy is in the process of specifying a new

national standard which, if accepted, will be one of the most demanding in the
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world, and which would precisely bring to the forefront these types of new
ideas {38)}. The new standard, called BEPS (Building Energy Performance
Standard}, specifies minimum performances:! each new puilding should be
constructed in such a way that its energy index would be less than that of
an index based upon a sﬁandard which depends upon, ameng other factors, the
climate. The contractor is free to choese the sclution of his preference
provided that it appropriately respects the standard. This project is
currently the object of numerous criticisms, especially from the builders’s

associations. and the electrical utilities (39},

Concerning ajr infiltrations, the current Swiss standards prescribe
minimm levels of tightness for windows and frames. In Sweden, a different
approach has been adopted which imposes a maximan admissible infiltration
rate for the entire building. For a pressure difference of 50 ?ascal, the
maximmm infiltration rate is thus three air changesper hour for houses, and

“one air change per hour for buildings of more than thres floors.

In general, the numercus theoretical and experimental results that have
been documented within the past few years indicate thal those standards
recently accepted or currently under development, in many countries, are
5111 very modest with respect te the possibilities and the economical

profitability of energy conmservation in buildings (40).

6) Thermal retrofit of existing buildings

According to an estimate made in 1976, the construction of new buildings

betwsen 1975 and the year 2000 will only replace 25% of the total volume of

Swiss buildings (41). This figure underlines the primary importance of thermal

retrofit in existing building and even suggests that the available energy
savings for that time span has probably more of a potentiazl in thermal

retrofit than in the construction of new buildings.

Another characteristic of the Swiss bullding stock is the relative

importance of apartment buildings.

As a function of respective heated surface areas, the building-type

distribution in 1975 was the following (42):

Houses with 1 apartment 28%
Houses with 2 apartments 10%
Multi-apartment buildings 38%

Dverse buildings with
apartments

The English-speaking and Nordic countries are currently the most
active in the field of energy conservation in buildings., The majority of the
research in these countries concerns individual houses and administrative or
commercial buildings. In addition, in some of these countries, especially the

United States, the quality of existing buildings is mediocre in comparison to

the typical Swiss constructions. It is thus essential to account for these

differénces when analyzing these studies, especially when they concern thermal

retrofit.

For each particular thermal retrofit situation ome is confronted with
groups of measures from which it is necessary.to choose those that are
technically the most proven and economically the most attractive. On the
micro-economic level of a given building, a simple cost-benefit analysis
suffices to determine this optimum. On the macro-economic level of a large
building stock, particularly at the regional or nationmal level, it is
necessary to alsc confront the socio-political problems posed by thermal
retrofit and to study the different measures which will encourage this type
of renovation on 2 large scale. The research in this area should lead to the
elsboration of concepts and detailed strategies concerning the technigue of
thermal retrofit itself as well as the global approach to the problem at the
lével of a region or a country.

Within the framework of sector I of the national program ''Research and
Development in the Energy Domain™, the FNRS finances three prejects touching

upon these questions:

P
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- "Effects of energy policy instruments" (36). This research investigates the
overall problem of energy conservation in the built environment. It analyses
the probable impact of various proposed or enacted legislation or technico-

economic measures.

- "Strategies for energy savings” (42). This research examines in detail

27 cases of buildings amensble to thermal retrofit with the geal of determining
the socio-economic mechanisms which encourage or inhibit their renovation.
Among the apparent problems, not o mention all of them, are economic
attractiveness, contractor motivations, possible conflicts between renters

and owners, etc.

- "Energy savings in existing buildings” (43}. This study considered in
detail the possibilities of thermal improvement in 19 administrative buildings
corresponding to 3820 work places. This research indicates that when the
potential technically feasible emergy savings for these buildings is 52%, the

CONOMiIC attractiveness is constrained to 29% savings.

A1l of these studies clearly indicate the need of a methodical approach

to the problem of retrofitting. This generally inciudes four or five phases:
g 2 I

I. Rough analysis of the buildings
II. Fine analysis of the buildings
111, Selection of improvemsnt measures
IV. The actual retrofit

V. Verification of résults

Within the framework of its "Impulse Program", the Federal Office of
comjectural questicns organized refresher courses on building thermal retro-
fit. These courses teach a methodology based precisely upon the above

mentioned approach and a handbook has also been published (44).

Progject VII of the IEA, proposed by Sweden, is centered about the socio-
political problems posed by energy conservation planning in urban commumities.
This project will particularly study those buildings for which there exist

relationships of the type "owner/tenant”: rented buildings, multi-apartment

blocks, small commercial buildings, public buildings, etc. Another part will
be for the study of relations of the type "goverrment/commmity': this
project will -examine the conditions which will help teo strengthen coordination
with non-govermmental actors: energy retailers, large consumers, professional

and consumers associations,...

The above methodclogical considerations underline the importance of the
initial phase of the process of thermal retrofit. This is the energy sudit
which is the précise evaluation of a building's thermal characteristics, the
possible improvements, and the selection of cptimum measures {46). Some
American researchers consider that this type of work should correspond to a
new profession: the “house docter”. They claim in effect that the building
constructers, the heating imstaliers or the makers of insulating materials
are not inevitably the best suited for this type of a complete evaluation (47}.
Sweden proposed that a new IEA project should be dedicated to housing ensrgy

audit.

In order to facilitate the energy audit, there is the previously
discusséd development of simplified computer programs capable of assisting the
auditors. Such an audit can be accomplished by two people working for half
2 day; it encompasses measurements of aiv infiltration losses, the boiler

-

efficiency, the thermal resistance of the walls and the history of the houses's

energy consumption. It conciudes with an optimal choice of remedies (11).

A Swiss firm offers a micro-processor based svstem of retrofit optimization.
This system functions uniguely on the basis of construction plans and would in
no case replace the visit "in sit” of an auditor (48).

The IEA organized a seminar on energy auditing in April 1981 im which

Switzerland presented several contributions (181).



The technical aspects of thermal retrofit pose a certain number of
problems of which the solutions are only partially related to the development
of new construction techniques for new buildings of low energy consumption.
Because the number of interesting and large scale retrofits in the world
today is still limited, a considerable effort is underway to analyse and
generalize the results obtained in the pilot retrofits. For this task the
IEA is called upon tc play an important role, and its Project ITI-C consists
precisely of encouraging such exchanges. It is through this project that,
in Switzerland, the instrumented buildings at Maugwil and La Sallaz will
eventually become the object of pilot-retrofits, Similarly, the results of
Limmatstrasse and of the "Solar House" in Zug will become more valuable in

this manner.

Also within the framework of this IEA project, a seminar on the thermal
retrofit of windows was organized in 1980. Demmark prepared a contribution
on supplementary insulation in walis and the United States for thet in

roofs. Finally, Sweden is studying heat recovery in ventillation systems.

We have already mentioned the importance for Switzerland of thermal
retrofitting of large apartment buildings. It is interesting to realize that
wrfortunately there exist only a very few retrofit cases of such buildings

for which complete data is available.

In paragraph 8 below we will examine a certain mumber of pilot retrofits
which will provide us with the occasion to illustrate certain technical
problems as well as the most important ones of thermal improvement in existing
buildings.

PILOT STUDIES

As it was stated in the introduction, a pilot building should provide
a certein amount of data such as specific consumption (before and after the

retrofit when required},

L]

eneral characteristics of the building, the number
of degree-days and the additional costs. In fact, it is unfortunately often

very difficult to obtain this informatiom.

For this reason we will restrict ourselves in the two following
paragraphs to the presentation of some chosen examples of constructions and
pilot retrofits for which the figures are available. In making this selection
we have restricted ocurselves In gemeral to studies with which university
establishments or governméntal agencies have been associated and which have
ied to publications. From among these studies, we have yetained those that
we considered the most interesting, ¢ither from the viewpeint of their per-
formance, or their importance for the research in the area of building energy

conservation.

71 Low energy pilot-buildings

There exist certainly in the world today thousands of constructicns in
which the energy consumptiion is significantly less than that of conventional
buildings constructed in their proximity. From among the low energy
constructions it is often difficult to separate in practice those which qualify
ag "solar constructions'. The present study does not treat solar epergy in the
strict sense, and we will only consider "highly insulated constructions", even
though, in genmeral, a step toward the optimum use of the passive solar

contribution was of course made.

In table I we have classified, as a function of their energy index, a
selection of particularly interesting pilot-house. It can be claimed that it
is possibklie to realize habitable houses in which the energy consumption for
heating normalized to the Swiss average (3654 degree-days with respect to 20°C)

2 ; . .
is in the neighborhood of 100 MI/m” year. This energy index is lower than half
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table T we have thus normalized the energy index of the group of Scottish



houses, (CGBl, where the mean inside temperature was lS.GOC, giving an

energy index of 83 ﬁU/mZ), to Switzerland, where the whole house is maintained
at ZOGC, giving 165 MJ/mZ. For the houses in Newcastle GB2, in which the
average inside temperature is 14;SOC, the normmalized indices are 126 and

285 MJ/m2 respectively. In calculating these indices we have considered that
50% of the energy used for hot water and general domestic purposes effectively

contributes to heating.

- The University of Saskatchewsn has designed a 188 mz superinsulated house
with an energy index measured in 1978/7¢ of only 15 NU/mZ. This experimental
house (51} is not occupied in the usual sense although the number of visitors
and the energy contribution {5'500 kWh/vear] of the measurement apparatus that
it contains practically simulate a normal occupation. The passive solar contri-
bution is evidently optimized and it is claimed that the active solar system
which is forseen will provide the hot water necessary for both heating and
domestic needs. This house is equipped with both air and water heat recovery
systems. The ventilation rate is 0.6 air changes per hour and the total build-
ing envelope is sealed by a vapor barrier. Ancther particularity of this house
is that it utilises insulating shutters which reduce the coefficient k of the

windows to a value of Q.35 W/mZK during the night (CAl in table ID.

- The experience zcquired in the construction of the above mentioned house has
led to the building of approximately 50 superinsulated houses in Saskatoon.
In this region, where the numher of degree-days is approximately 6160°C
relative to ZOOC, the energy index for heating is 670 NB/mz year for
conventional houses with electrical heating. The energy index measurement for
13 of these houses varies, with the exception of two of them, between 121 and
240 MmeZ, and the average of the 13 is 218 MJ/mZ {52}. The corresponding

A (.

energy index for heating in Switzerland would be 130 MI/m™ (CA2, CAZ. Alsc

see chapter II § 5).

~ A number of low energy houses have been recently constructed in Denmark

{53} and the house DAL of rable I is one of the first published results (543,

- The Ministry of Comerce mandated the Technical University of Demmark to
design and comstruct six 120 n’ low energy houses in which the total energy
consumption for heat, hot water, and ventilation was not aliowed to be greater
than 150 Mj/m2 {53,55). These houses are unique in both their details and
their heating systems. Good performances are obtained because of a large
amount of insulation (20 to 30 om in walls and fleoors, 40 om in ceilings), a
reduction of uncontrolied infiltrations to below 0.1 air changes per hour and
the use of a heat exchanger for ventilation. Detailed tests on these houses
have been conducted since 1979 and the sale of these houses was anticipated
for the end of 1980. The price of these houses should be from 20 to 50% higher
than those of comparable comstruction for a total amounting to between

01800 and 300°000 francs.

~ Two small apartment blocks (34 apartments) have been constructed for the
city of Skire in the Jutiand region (53). According to the predictions the
energy consumption should be less than 270 MJ/mZ. The central energy plant
provides hot water for the low temperature heating system and demestic

usages as well as preheated fresh air for ventilation from a heat recovery

system. The water is heated by heat pumps and solar collectors.

- Several low energy houses such as USLl and USZ {56} have been constructed in
the United States. They are characterized by insulation similar to that in
the Canadian houses and by very reduced infiltrvations, but generally without
using air-to-air heat exchangers. The good performances of these houses

without heat recovery from expelled air are probably due to a warmer climate.

~ About a hundred houses of the US3-type have been constructed in the New York
area {57). These Houses have a heatedsurface area of 213 mz, are wood constructions
and are built on a 50 ton sand bed whose insulation from the earth allows the
storage of the eventually excessive solar heat that is captured passively by

the building. This heat is used to stabilize the inside temperature.



- 28 -

~ The USH houses that we have described are not in the strict sense the
type of passive solar house that presently exists by the thousands in the
United States. These passive solar houses are mostly situated in the more
'temperate regions and consume no more than 20 to 50 MJ/m2 per year in the
form of awxiliary heating energy on the coldest days. A compilation of
passive solar pilot-houses has been recently published by the Los Alamos
National Laboratory (58).

2} Federal Republic_of Germany

_________________________ “

The Philips research laboratery at Aachen constructed a highly
insulated experimental house in 1974 in order to tost some diverse techniques
such as heat recovery from air and from water, heat pumps, solar collectors,
etc. The performances measured in 1975/1976 for this house are shown in ALT
of table I (59).

£} Sweden

- New construction standards were introduced in Sweden in 1975 {SBN-75), The
uniqueness of these standards is that they not only impose very strict
conditions for insulation, but also for air renewal rates. In order to verify
the effect on energy conservation resuiting from the new standards, the Royal
Institute of Technology participated in the construction and performance
measurements of 5 houses with heated surface areas of 140 mz each near
Stockholm. Very thorough measurements have been made for the 78/75 and 79/80
heating seasons and have just been published (60). The coefficients k of
walls, roofs, fioors and windows are respectively (.28, 0.16, 0.29 and

1.80 me?K. The average k ceefficient iz (.28 W/mZK. The average air change
rate measured for the five houses for the two years is 0.46 air changes per
hour. The total energy index measured under the same conditions is 425 MJ/mZ
(for the heating index see SUl in table I). All of these houses were normally

occcupled during the measurements znd it was possible to make detailed studies

of various parameters such as the humidity level and €O, concentration, thermal

comfort, etc.

- Another group of 41 houses was constructed at Téby, near Stockholm,
according to the new standards with 15 cm of insulation in the outside walls
and 25 om in the roof (613. Of these houses, 26 were instrumented in 1977

and equipped with seven different heating systems {see chapter I1I & 3a)).

- The pilot-house at Vetlanda is used as e reference house by the IEA for
its projects. The house is an 113 mz, wood frame-type set on a concrele base.
The insulation consists of 19 am of fiber glass in the walls, 30 cm in the
roof and 12 cam in the floor. The uncontrolled infiltration rate was measurced
as beling between 0.03 and 0.08 air changes per hour. The energy index
measured during the winter of 76/77 was 328 M}/mz while the house was
unoccupied. Within the framework of Froject ITI-£ of the IEA this energy
consumption was compared with the predictions of 12 computer programs. The
preliminary report on this comparison shows that the theoretical calculations

nave a mean deviation of 13% from the measured value (5,61.

- The current construction trend of low energy consumpticn houses in Sweden
moves in the direction of very substantial amounts of insulatiom. A group

of 52 houses as well as a tenant building with 32 apartments are under
construction and thelr thermal parameters are the following: wall and roof
insulation, (.18 and £,10 W/mZK respectively, smell windows, uncontrolled
infiltration rates of 0,1 air changes per hour and mechanical ventilation with
heat recovery. The anticipated heating energy index is between 110 and 130
Mjfmz year (176}.

There exists in Switzerland, as in other countries, many houses and
buildings with relatively low energy consumption. These structures were
generally motivated by the private initiatives of individuals or the efforts
of public enterprises such as the Confederation or certain cantons. The Swiss
Movement for Energy Savings {SAGES) undertook a compilation and expects to
publish a selection of particularly interesting low energy consuming Swiss
buildings. With the exception of a few projects utilizing either active or
passive solar systems, there do nct presently exist pilot-studies comparable
in scope te those we have described for cther tountries and which correspond

to the criteria defined in ths introduction of this section.
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Nevertheless, without the pretense of being complete, several examples can be
cited:

~ In the area of active and passive solar: houses at Paysrne (19), at Begnins

(18} and at Minusio in Tessin (62).

- In the area of highly insulated houses: thres pilot-hcuses at Hinteregg near

Zurich equipped with a collective heat pump and for which the measured energy
index for heating aﬁd hot water is 170 hﬁ/mz (63). Two houses of 5 apartments
each, egually well insulated and heated by a heat pump have just been comple-
ted at Gossau (64). From among the houses heated with oil, one of the best
measured results that we were able to find seems to be that of a house
retrofitted at Rudolfstetten in which the energy index for heating is

305 MJ/mZ {(65). Therve exist egually many examples of electricaliy heated
houses in which the occupants use the flexibility of temperature control
offered by this heating system and which attain energy indices for heating

2s low as 220 MI/m° (66).

~ In the non residential domain: we mention first the efforts of the
Confederation which has succeeded for example in obtaining substantial
energy savings in the construction of new administrative buildings at Bern
{67} and at the EPFL at Lausamne. In the case of the EPFL, measurements of
long duration concerning the energy used for the heating and ventilation are
in progress (68). Another example is the Cantonal chemistry laboratory in
Zurich in which the energy consumption only represents 50% of & similar

building's consumption but of classical design(69).

8) Pilot-retrofits

A few cases of thermal retrofits that were completed several years ago,

especially in the United States, have attained spectacular results and

received considerable publicity. Menyv retrofits completed since then, however,

have not always met with the anricipated success. [t becomes, thus, more and
more evident that thermal retrofitting necessitates a previously thorough
thermal audit and considerable care with respect to the quality of the work.
For these reasons the realization of a sufficient mmber of pilot-retrofits

is indispensablie.

- The Electricity Council Research Center at Capenhurst has at its disposal a
set-of six identical, neighboring houses which are similar to and representative
of the existing English building stock. The six houses ave all thermally
insulated to different levelssuch that their average coefficient ¥ ranges
between 0.69 and 1.28 W/mZK. This situation allows for a large number of
Interesting experiments and studies have been made in particular for the compa-
rison of simplified calculations with the measurements (70) and the influence .
of the insulation level on the solar contribution (71}. There is currently a
retrofit experiment in progress with the goal of improving the insulation in
the house with an average coefficient k of 0.68 down to 0.47 W/mZK {(72).

The first measurements have shown that, in fact, the average k achieved was
only 0.6] W/mzK. A detailed analysis indicated that this deviation was mainly
due to the mediocrs performance of walls insulated by means of injected foam,

of residual thermal bridges and other secondary causes,

- The Building Research Establishment Scottish Laboratory undertook a retro-
fit experiment on 38 similar houses (73). Twenty houses have been kept as
references (coefficients k of walls, ceilings and {loors are respectively 1.7,
0.7 and 6.7 W/mZK) and 18 others have been insulated (coefficients k of walls,
ceilings and floors are 0.45, 0.3 and 0.7 W/mzK). ‘Theoretically, the decrease
in energy consumption should have heen 35%, but measurements have shown that
the saving actually obtained was only on the order of 22%. This difference has
been explained by the fact that the average temperature in the petter insulated
houses was in general higher than previous. For those houses in which the rooms
are maintained at different temperatures, this phenomencn is due partially to
the fact that a reinforcement of insulation in the cutside shell necessarily

increases the equilibrium temperature of the non-heated rooms.

- Canada undertock a vast program of thermal retrofitting involving a million
houses. The average reduction of energy consumption achieved for these

renovations was on the order of 17% (74).



- An essential problem to which Canada has paid particuiar attention is the
oversizing of oil fired boilers. It is thus, with the support of the government,
that different techniques of burner and boiler modification have been developed.
t is now possible to obtain replacement parts and the necessary instructions
in order to decrease the installed power of a large number of boiler and burner
models, Using this technique it is easy, without replacing the boiler, to

achisve savings on the order of & to 16% (177).

- Several pilot-retrofits are in progress in Denmark. Une of them concerns a
biocck of 24 apartments, identical to four other neighboring blocks {75). A
complete rvetrofit including, among others, supplementary insulation ol the
building shell, the installation of triple glazed windows and of thermostatic
valves has lead to a decrease in the energy index from 714 to 4I8 MJ/mZ for
heating. This group of buildings is supplied by a central heating plant commern
to the § blocks, such that the decrease in consumption is essentially due to

the improvement of the passive corpenents of the block in guestion.

d) United States

~ Three cases of pilot-retrofits involving individual houses have achieved a
decrease in the energy consumption by more than a factor of two. These
particularly thorough and carefully done retrofits have been made by the
National Bureau of Standards (47), the University of Princeton (76) and the
University of Oregon {77}. In these three cases, the energy consumption after
the rétrofit was reduced to 41%, 33% and 42% respectively of the initial

consumption. -

~ Mumerous systematic retrofits have been undertaken in the United States, in
particular with the collaboration of different electricity or gaz production
and distribution companies which provide counseling services for thermal
retrofitting and financial backing. A recent compilation, completed by the
Lawrence Laboratory at Berkeley, has taken a large scale census of the most

important Tesults actually available from these retrofit programs (743}:

‘ Consumption after

Location Number of houses :
Consumption before

Portland 20 62 %
Tennessee 551000 ’ 8 %
Oregon 41300 77 %
Denver 30 9z %
Washington 520 91 %
Maryland 750 98 %
New York 60 a6 %

e) France

An agreement concluded in April 1577 by the Ministery of the Envirorment
and the Agency for Emergy Savings set a goal to save, in the overail building
stock, 15% of the energy comsumption by 1685. At this peint, 55'000 HLM
dwellings have been improved in 1877 and 85'000 in 1978. Seven experimental
programs have been initiated in 21'000 dwellings: outside insulation, inside
insulation, regulation and programming, improvements of the active components,
etc. (787,

- Within the framework of the Swedish national program for emergy savings it
is possible to get loans and subsidies for, as an example, the supplementary
thermal insulation of houses. A dissertation has been submitted at the Poly-
technical School of Chalmers {79) and concerns 20 arbitrarily chosen buildings
for which a supplementary thermal insulation has besn effected with the aid of
4 loan or a subsidy. The study indicates that the savings are on the average
the double (21-22%) of what one would expect from such insulation (shout 12%

The study cites three factors as responsible for these unexpected savings:
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(1) the subconscious desire to save energy; {ii) the higher temperature of
the inside surface of outside walls; {i1ii) the decrease of uncontroiled

infiltrations follewing the installation of the insulant.

- A survey covering 341 houses retrofitted between 1975 and 1978 allowed for
the comparison between the results obtained with supplementary insulation and
the theoretically anticipated savings. An average theoretical savings of

700 : 100 liters of heating 0il per year, has been foumd to correspond to an
actual saving of 500 = 150 liters of heating oil per year. In addition to this
result, the most important conclusicn of this survey 1s that the houses for
which the greatest savings have been attained, are not those for which this

was predicted, but those that had the worst energy indices before the retrofit.

g} Switzerland

- Several pilot-studies are directly or indirectly concerned with thermal retro-
fit. This is specifically the case of the projects on Limattstrasse and in

La Sallaz which were mentioned in paragraph 2b) of this chapter, as well as

the solar house in Zug (20). In the latter case, after a complete retrofit
wiich lowered the average coefficient k to 0.44 W/mZK, the energy consumption
was reduced by a factor of two. This is a small temant building comprised of
six apartmenté on three floors and is located in the neighborhood of four other
identical buildings. The renovated building will ultimately be equipped with a
bivalent heating system consisting of a heat pump capable of accounting for

8G% of the heating needs and an auxiliary oil burner accounting for the coldest

days.

- A retrofit example thar we have already mentioned concerns a 152 n’ house at
Rudolifstetten, heated by oil. The energy index has been lowered from 900 to
300 MJ/mZ by different means but principally by a thermal insulaticn resulting
in a coefficient k of 0.2 for the walls and 0.18 WVmZK for the roof [B5).

~ In paragraph 6 of this chapter concerning retrofit, we have mentioned several
theorstical studies and thermal improvement programs. For example, within the
framework of a systemétic thermal improvement effort of the Confederation build-
ing stock, a first series of measures undertaken in 31 buildings of the Federal

Administration at Bern resulted in a 24% decrease in theit o0il consumption (80).
g
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The city of Geneva offers another example in that the purchases of oil went
from 71400 tons in 1973 down to 47500 tons in 1979, despite the fact that

the buildings stock volume had increased in this time interval {811,

Conclusion

it can be said that there exists overwhelming scientific evidence,
theoretical and practical, that a retrofit done in a2 very competent mammer
by highly skilled researchers lesads to a remarkable reduction in energy
consumption, and that this retrofit necessarily inciudes an improvement of
the thermal insulation. The implications of this fact on 2 more practical
level are much more subtle. A retrofit in which the various aspects have not
been thoroughly considered can very well have disappointing effects. A thermal
insulaticn, for exampls, done separately, can lead to an increase in enerey
consumption if the secondary effects (a change in the efficiency of the
heating plant, a change in the temperature of cold rooms, etc.) are not
anticipated and simultanecusly corrected. The disparity between what can be
achisved if everything is well done and that which is achieved in practice by
the engineers or architechts who by necessity do mot have a thorough training
in these domains is a fundamental problem of all energy savings efforts, and

merits thorough consideration within the context of & national plan.

kh R ERAREL



cHapTER 1

BESEARCH AND DEVELOPMENT IN THE AREA CF
" THE BU 5 178 COMPONENTS

A distinction can be made between the passive attributes of a building
{quality of insulation, position and quality of windows, integration into
the local climate, etc) and its active attributes (the heating plant, ventilation
system, etc). In order to facilitate the exposition of the research in this
area, we have consequently distinguished between the passive components, which
will be analyzed in this chapter, and the active components, which will be
analyzed in the next chapter. We will first discuss the preblem of windows,
then the insulatien of the building shell, the spectraliy selective external
coatings which diminish radiastion losses, and finally the problsm of the build-
ing*s thermal mass. Although, in a strict sense, passive solar energy should in

fact be considered outside the scope of an energy savings exposé, we give,

=

nonetheless,; some information that appeared to be interesting.

1} Windows: transmission and infiltration losses

In a typical house, thermal losses through windows are on the order of
30~-50% of the total. In the case of a2 well insulated house, this fraction is
likely to increase unless the themmal performances of the windows are improved.
For this, four aspects are taken into consideration:

- The heat transmissien coefficient k of a double-pglazed window within a wood
frame of the type currently used is approximately 3 W/mzK or practically ten
times more than the transmission cosfficient of a well insulated wall.

~ Badly sealed window interfaces can be an important source of non-controlled

air flows.
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- In a dwelling, the window is one of the most important comfort elements;
it allows daylight to enter, it assures a visual contact with the outside,

it allows for the direct, individual and natural ventilation of apartments.

- Finally, the window allows for an interesting solar energy contribution

which can, even in winter, compensate for losses.

The importance of the problems posed by windows has motivated the IEA
te organize a seminar concerning this building slement in Holland in Jume
1980, The summaries of the Swiss participants at that meeting raise the

following points {82):

- The frame, depending upon how and of what material it is made, can represent
an important thermal bridge, and should be perfected in paraliel with the

development of new panes.

- From among the diverse types of available seals, "O-rTings” seem tc be the
most effective.

- As for the glass and the mmbar of pane surfaces, the current trend is
oriented toward vacuum-sealed double-glazed windows and using glass with
selective layers. Ounly ome combination of this type achieves transmission
coefficients comparablé to those of super-insulated walls (k < 0.3 W/mzk).
~ The problems posed for the realization of super-insulated windows are
NURETOUS

achieving selective surfaces of very low eémissivity;
. . -4 -~ .
. maintaining a good vacuum (< 10 ‘mm Hg) for & mmber of vears;

. developing window frames having thermal characteristics comparable to
those of the window;

. fabrication costs.

Several research projects on windows are being carried out in

Switzerjand.

- A Lausanne-based industry is studying the feasibility of double-glazed
évacuated windows [83);
~ The EPFL is establishing a sclar test station “SIETSC" which will in

particular allow the study of windows (82);

- At Zurich, a research project is examining the advantages and inconveniences

of evacuated double-glazed windows for buildings (83);

- Results of the EPFI show that with an appropriate selective coating, it would
be possible to reduce in principle a window's thermal losses by a factor of twe
while conserving a good transparency to both the davlight and the sun's heat.
Such a window would have certain characteristics of a type of "thermal diode”.

In effect, it would be transparent té the heat of the sun but opaque to infrared
rays of greater wave-lengths which would tend to escape from the inside of the
heated room. This type of selective coating can therefore pose problems in summer.
and necessitates the imstallation of an active control system which would match
the properties of large glazed areas to the summer/winter or day/night conditions
(843,

2} Materials and the thermal insulation of the building shell

" The research and development on new insulating materials 1s being carried
out mainly in industry. The only studies in the framework of the Swiss
university structure are at EMPA {85) and concern the properties of wood, and at
the EPFZ which has a project on the fabrication of thermal insulation from

recycled glass (86).

Concerning thermal insulation techniques, there are particular problems

in the areas of thermal bridges and condensation risks.

Thermal bridges are construction zomes where weaker insulation causes
greater heat losses and a localized decrease in temperature. The thermal
bridges appear mainly at the jcining points where floor meets wall, and
diverse research is in progress with the goal of minimizing their contribution
to heat losses (8§7).

Condensation problems are found more frequently in the neighborhood of

thermal bridges as well as et the surface interfaces of differing materlals
such as the walls and the insulation that covers them. These internal
condensations are particularly detrimental teo the bullding's longevity and do
not appear in general in homogeneous walls. In the case of a high degree of
thermal insulation, thers is thus a good case for making a detatled examination

for possible, eventual condensation and to install, where necessary, & Vapour
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barrier on the warm side of the wall. Several research projects on condensa-
tion and vapour barriers are in progress in Switzerland, specifically at the
EPFL (88).

EMPA and the laboratory for building materials of the EPFL do measurements
on the thermal, mechanical, hygrothermic, etc. characteristics of different
building materials. These measurements are done with the particular goal of
certifying the properties of these materials and verifying their compatibility
with the current regulations. Diverse measurement apparatus are at the develop-
ment stage in university imstitutes, particularly for the measurement of thermal

conductivity of materials and systems such as walls (33).

In the construction of new buildings it is in principle easy to use existing
materials to obtain a high degres of insulation. In the case of thermal retro-

fit, problems still exist and difrerent solutions are proposed.

From the thermal viewpoint, it is distinctly more favourabie to apply &
supplementary insulation to the exterior rather than the interior of existing
walls: thermal bridges are eliminated, condensaticn risks are less, and the
thermal capacity of the walls is utilized to a better advantage. Because of
some other advantages in addition to those previously Cited; the external
supplementary insulation of walls is becoming more and move the accepted method
for thermal retrofitting (897.

3} The decrease of radiation losses of opague surfaces

The phenomena which occur at the wall surface and, in particular, thermal
exchange between solids and the surrounding air, are among the most complex of
building physics. In these processes, the thermal radiations absorbed and
emitted by the surfaces, as well as the neighboring convective air MOVERENts,

piay an essential role.

A group of researchers of the EPFZ is studying the influence of the
thermal emission ceefficient of building exterior surfaces and windows on the
energy consumption {84}. The calculations indicate that, in principle, a

reduction in consumption of the order of 15% is possibie by the use of a

selective surface in the form of a coating or of a paint on the building
surface. Such a Teduction in energy consumption is equivalent to 3 cm of
supplementary insulation. In some thermal retrofit situatiens such a coating
will lead to a reduction in the thickness of supplementary exterior insulation
required. Unfortunately, it is stiil not possible to know 1f the manufacture

of such coatings would be economically competitive.

In the areas of materials and insulation techniques as in the area of
exterior walls insulation techniques, in principle, discoveries are still
possibie. A possible example is the development of building elements of
variable thermal conductivity (90) which would permit the contrel of gains
and losses to the ground or the atmosphere as a function of the time of day

and the meteorological conditions.

4} The thermal mass of buildings and heat storage

102

The heat capacity of bullding materials allows the storage of some
quantity of heat in the building shell. If the structure is "heavy", meaning
that the walls and foundations are thick, the building's thermal mass will be
1arge and thersfore capable of accumulating a significant quantity of heat.
This stored heat creates a thermal inertia which attenuates the effects of
abrupt variations in the outside temperature, improves comfort, and decreases
the maximum power required from the heating plant, but alsc prevents a rapid

reheating or reccoling of the buiiding.

Mumerous research projects have been completed in the last few years dia
order to determine the infiuence of thermal mass on energy consusption for

heating and air-conditioning {91).

- For buildings heated continuocusiy, the annual energy consumption is the same
(to a few percent) for both heavy and light structures.

- For buildings heated intermittently (night temperature set back, for example],
the possible energy saving is on the order of 10% for heavy structures and 20%

for light constructions.



5) Some notes on bioclimatic architecture and passive solar

Bioclimatic architecture and passive solar are actually outside of the
scope of this work. We have nonetheless included some of the information that

we thought to be interesting.

From the architectural perspective and the study of building physics, it
is without doubt that the most important recent developments concern solar
architecture. With the help of very detailed compurer programs, it is now
possible to simulate and optimize the passive solar gains of buildings by
accounting for local meteorclogical data, such as sunshine, precipitations

and wind.

In the United States, according to an estimate by the Department of
Energy, there currently exist between 10'000 and 201000 solar houses and this

figure is expected to exceed a million by the mid-1980s,

In Switzerland, & coordination concerning passive solar architecture has
been initiated by EMPA (92). In the preceeding chapter several Swiss projects

were described in which there was z passive solar contribution.

Just as the sun's heat can be used to decrease the building's heating
load, it 1is also possible to bemefit from the temperature of the ground. This
is, at a certain depth, on the erder of 10 to 15%C during the entire year.

It is also possible to take advantage of the ground's coolness, for exsmple,

in order to cool the building in sumner (95}, One non-conventional suggesticn is
the construction of underground dwellings whose roofs would be exposed to the
sun for the natural lighting and the passive solar heating of the house. A
calculation indicates that such a "'cave' could be heated for the entire year,
but would consume less than a third of the energy of an identical, conventional
house above ground (94). Even if this proposition is not acceptable from

either an economic or social point of view, this demonstrates nonetheless the
advantage of using the earth as a natural insulant which absorbs the outside

temperature fluctuations both in summer and in winter.

The simultaneous consideration of the possible uses of the selar contri-
bution and the earth could lead to encourage the construction of "low-rise™
buildings with large surface areas (95), but this would, of course, pose

other problems.

An important characteristic of passive solar structures is their capacity
to store the sun’s heat or the night's coolness in their walls and floors. An
extension of these ideas is to use passive oy active systems to store the
natural heat or cold. An administration complex with a useable office space
of 171200 mz, constructed in the United States according to these principles,
consumes less than 180 Fﬁjmﬁ {96). In this project, even though a large part
of the building volume is underground, lighting is essentially obtained from
daylight. '

A group of 50 passive solar houses have been constructed in Canada
between 1977 and 1979 (52). These houses have an average energy index for
heating of 220 Mj/mz for a climate with 6000°C days, which is essentially that
of Davos ! The houses ars very well insulated, and the uncontrolled air
infiltrations are extremely reduced. Ventilation is provided by arn alr to
alr heat exchanger which recovers nearly 70% of the heat in the stale air. The
structure is relatively light and the south facing window surface which provides
the solar gain is only 6% of the heated floor surface. With such a window area,
the overheating problems in summer, as well as the losses at night, are limi-
ted, These wood houses of weak thermal inertiz are typical examples of direct

gain solar passive systems.

From the viewpoint of passive solar architecture, high-rise apartment or
office bulidings puse interesting problems which should still be studied.

There are, however, already some 1solated examples:

- A l4-storey office bullding was completed in 1878 for IBM in Detroit,
It has 2 limited window area, but the essential illumination is however
provided by natural light. In addition, the building surface are such that the
solar gain is mexima on one side and thermal losses are minimm on the other
side (97).
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~ The world's largest solar building is soon to be completed in Singapore, . CHAPTER 1
It will have 40 fioors and consume 38% less energy than a similar, conventicnal
structure (98).
Concerning the possibilities for passive solar in Switzerland, one = I I !
interssting peculiarity of the building stock is the important thermal mass of
AND VE T C UES.

the old buildings and of those to be renovated. The addition of a greenhouse
or a Trombe wall on the south face of the building enables the capture of

solar energy and then storage in the facade. This technigue has been used 1) Energy control and energy accounting in buildings
: . & F_accounting in bui &

particularly in the United States for the thermal improvement of small factories

and warehouses (99). ' It eften occurs that entire apartments or rooms in an apartment are only

occupled for brief time intervals. Significant energy savings could be cobtained

by reducing heat, ventilation, airconditioming or lighting in these locations

during these periods. Another important source of possible savings is the

e a At e automatic regulation of emergy contributions te a given room as a function of
the occasional or wnanticipated supplementary energy gains: people, isolation;
machines, etc. Finally, it is generally thought that individual energy accounting

could be a means of encouraging consumers to save energy.
t is common to all of these ideas that they necessitate:

measurement devices which enable the determination of local
conditions and/or the energy flows in a given zone;

contrel devices which enable the opening or closing of circuits
or on/off position of apparatus;

decision-making devices which enable the programming or the
regulation of a given system's operation.

in all of these areas it appears that electronics can play an important
role, on the condition, however, that the problems posed by the slectro-
mechanical interfaces (measurements transducer, remote controlled values etc)

could be resclved both from the technical and economic points of view.

Simpler devices, based on thermomechanical principles, can also perform
similar functions. This is especially the case with thermostatic valves which
control the thermal emission of z radiator by adjusting the fiow of hot water

as it is actually needed.



- 46 -

According to the state-of~the-art in this area two or three years ago,
it could be affirmed that these thermostatic valves would contfibute savings
on the order of 10-20% (100). However, it is necessary to be prudent when
generalizing these results, because it is often fhat several energy saving
measures are implemented simultaneously. For example, in one experiment in
the canton of Geneva, half of a group of 4 similar buildings were equipped
with both thermostatic valves and heating consumption monitors (81).

- . . .
snese experiments undertaken on thermostatic valves are in fact not

always conclusive, especially because of the influence of inhabitant behavior

and the secondary effects of the valves on the operation and overall equilibrium

of the heating system. An example is a Swedish experiment in which three
apartment buildings of 64 apartments each were equipped with thermostatic
valves and two similar buildings were used as control (101). After optimm
regulation of the heating system in the five buildings, detailed measurements
showed that the buildings equipped with the valves consumed in fact + 10%
more energy than the control buildings !

Another experiment in Sweden concerning 4 groups of 100 to 1'000 houses
each showed that in one case the consunption had increased by + 5% and that
in the others it had decreased by -4, -7 and -7.5% (102). Diverse studies are
currently in progress in order to determine the origin of these contradictory
results (103}, These studies are examining in particular the influence of
thermostatic valves on the equilibrium of the distribution system.

As it relates to large commercial or office buildings, the savings
obtained by sophisticated control systems using computers instead of classical
methods (a night watchman to extinguish the lights, a janitor to lower the

heating temperature during the week-ends, etc) arve of the order of 20% (104).

In private residences or collectives, only a few truly conclusive experi-
ments using elaborate control systems have thus far been reported. However,
simulations dene in the Nordic countries indicaze that the potential savings
offered, especially by the intermittent heating of dwellings, is on the order
of 15 to 20% [105). The principal probiem posed by intermittemt heating is
that of condensation and thermal inertia. It seems that it would be difficult
to go below 10° if the intention is to avoid these problems and that the
dwelling-types should have a low thermal inertia (106, 917,

Simple systems in which individual rooms are maintained at constant but
different tempervatures, according to their function, enable the atfainment
of substantial energy savings. For example, 600 highly insulated houses have
been constructed in Scotland in 1973/76 (49}, In these electrically heated
houses, living rocm temperature is kept at 219 while bedrooms are held at
15.5°C. The total energy consuﬁption of these houses, in which approximately
a third is for heating, is on the average of 360 MJ/mZ.

For the programming of simple central heating systems as a function of
a weekly schedule and the hours in the day, some houses recommend apparatus
which enable the saving of 10 to 15% with respect teo more classical systems
such as time-switches (167). With these systems it is possible to adjust
temperature of the water used for heating as a function of the outside temp-
erature and the desired inside temperature. This technique enables the opti-
mization of boiler efficiency which is best when the water temperature is

lower.

Within the framework of the IEA, Sweden is preparing a study on indivi-

dual temperature control systems for the rooms of an apartment.

The systems discussed above concerning local temperature control and
regulation are generally sufficient for the buildings in which the problem of
heating cost alletment is not an issue. The metering of energy consumption
becomes an important consideration for houses comnected to disctict heating
network and rented apartment buildings. In this case, for heat accounting,
three groups of methods can be distinguished (108):

- Heat meters which can, in principle, be calibrated. Their operating
principle is based upon the temperature difference between incoming and out-
going water combined with a measurement of the flow. The precision of these
apparatus is on.the order of 1% {109}, but this figure is given by the

manufacturers and has not been confirmed by independent measurements.

- Heat monitors based on the principle of eveporation. They are mounted on
radiators and their use is consequently limited to this heating system. These
inexpensive devices should be adjusted to local conditions and can only yiéld
2 relative measurement. A German study claim that for sultably constructed
and properly installed heat regulators, the meacimmm cost distribution error

is between +2% and -5% (110].
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remain in the building, are not used to create the desired thermal climate

- Beat monitors based on measured temperature differences: the Toom temp- . ; s
N . . : ) at the desired location. Five types of losses can be identified and from
erature minus the outside temperature or the temperature gradients inside the
33 i . . each a partial efficiency may be defined. If ¢ is the quantity of net energy
radiator body. One simplified variztion of this method consisted in measuring . . P : :
. required to heat the building, the overall efficiency will thus be written
the temperature of rooms and using this as a heating cost allotment base {111). . : PRSP

as follows {see Appendix 11 for the mathematical definitions of the terms):

These measurement systems can in general be-combined with control

mechanisms which enable the adjustment of the rooms to the desired temperatures

0
(108). In the case of electric heating, this type of installation is in pringi~ ' ne Q+ P, + P +P.+ P, P T4 g o Tp g
pie particularly easy to realize, and one has discovered,'howevef, that there A B e o B
were $till mumerous technical, socio-economic and legal problems remaining
unsclved concerning individual energy accounting for heating. Certain experi-
ments indicete that in apartment blocks, recording of the effective temperature {111) Al 59%%1}§ZV--§9§§§§ (ny = 0,97): These losses correspond to slectricity
is perhaps just as “acceptable™ as direct billing for the heat provided to used by auxiliary apparatus such as the ¢irculation pump and the burnex
each tenant. The major incomvenience of such a "umiversal” system is that it motoT.
does pot correctly account for the ventilation habits of the tenants. It . E) Burner losses (q 2 0,70): These losses, due to incomplete combustion,
appears once again that "fresh air’ is one of the crucial pavameters determi- EA;_draft and the bad insulation of the boiler as well as to eventual

ning the limits of the control apnd conservation of energy in buildings. oversizing, are analysed in detail below.

12

At Lancy, in the canton of Geneva, a building has been equipped with hot ¢y Control losses (”C 3,807 Heating systems function in such a way that

water meters and heat monitors for the purpose of experimenting on individual the burmer stops when the given temperature is attained. AT that moment,

energy accounting of heating costs (81). A comparable experiment 1s in the temperature cohtinues to rise above the desired value.
progress at Geneva for the Cantonal Energy Commission. . . . . . .
D) Distribution losses {nD = 0,99): The lost heat in the distribution network

The Swiss Movement for Energy Savings (SAGES) has recently published a contributes in part to the heating of empty shafts, ventilation gains,

brochure in which advice and practical examples are given for individual cold water pipes, etc.
accounting of heating costs {124). .
E} Emissicn losses [nr = §,95): A part of the emitted emergy serves to

overheat the air in neighborhood of the radiator.

2} Ciassical central heating The order of magnitude given sbove for the partial efficiencies correspond

to reasonable averages for typical systems (112). Their product gives indeed

- Nearly 54% of the heating needs of Switzer e id
Yo% g * tend are provided by central an overall efficiency on the order of about 50%.

heating plants. In these systems all of the buildings' radiators are comnected

" i N . . i 1 gn t cati i re currently the obiects of several
to a closed distribution circuit in which one punp circulates the water heated Oil and gas central heating plants are currently - ®

i iomi isti B T j i ide Switzerland. At Lausamme, results
by one boiler. One of the dominant characteristics of central heating is its research projects, both in and outsid er ’

~ ooy Y - S
bad cverall efficiency, which is on the order of only 50% for a typical concerning the effic len%} measurements of modern heating plants for large
installation, In order to understand this figure it is necessary to account . apartment buildings have been recently publlshed (1131 . The authors of that study

for all the losses, namely the energy losses which even if they partially define the efficiency g in the fellowing manne
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net energy in the outpoing hot water

combustibie energy + electrical enmergy

Measurements taken for a period of one vear indicate that Mg is on the
order of 80 to 85%, but that during sumer the efficiency is only 65% for the
making of hot water. These figures show that heating systems, even when well
tuned, are gensrally over-sized because the theoretical efficiency of a boiler

" at full load is easily greater than 90%. One of the conclusions of the Lausanne
tudy is that the use of combined boilers for the making of domestic hot water
and heating‘should be avoided. The use of an independent plant for the making
of hot domestic water should, according to these authors, enable an energy
savings on the order of 1 to 3% (113]. This figure has to be compared with the
statistics (114} on the energy indices which give indices on the order of
1600 MJ/mZ for rented buildings with combined boilers and 910 E\/U/m2 for build-
ings using an electric boiler for the meking of hot water. The corresponding
Pigures for villas are, respectively, 986 and 915 MI/m°

. also yielding a 10%

difference.
There are principally two types of boiler losses:

- The boiler efficiency itself which accounts for losses related to the
principle of the system itself such as the incomplete combustion of the oil
or gas, the heat lost through the chimney, and thar which is given off through

heating the boiler-room;

- The use efficiency, which accounts for, among others; the losses related to
the intermittent fumctioning of the boiier. In effect, when it stops Tunning,
the chimney's natural draft re-cocls the boiler which has tc be reheated anew
when re-started in order to attain its maximm efficiency. This effect is
particularly important if the boiler is oversized, and it explains the bad

overail efficiency of existing heating systems.

Several studies are in progress in Switzerland with the goal of increas-
ing the efficiency of boilers, particularly in the casse of intermittent
operation. A study of the Institute of Thermodynamics and Bumners (ITV) of
the EPFI summarizes the situation and the possibilities in central heating

in the form of the following table {115):
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Reasonably well installed classical central heating
B : Very well installed classical central heating

Central heating equipped with an advanced boiler which functions
continuously and is automatically regulated

é Boiler efficiency
i
Actual efficiency Use efficiency g
A 8l % 86 % 69 %
B g2 % g5 % 87 %
!
C 87 % n~ 100 % 87 %1

There is also research in progress in industry and oil or gas bollers
with efficiencies on the order of 90% are already available on the market
(118).

Efficiency measurements of heating plants are in progress at Zurich
(125 and at Geneva (126). These measurements are less detailed than those
of Lausanne but pertain to thousands of installatioms. At Zurich, it is
reported that out of 600 installations inspected more than half were oversized
by a factor of 3 or move (127). At Geneva, 28% energy savings have been
realized hetween 1973 and 1979 by a set of energy saving measures in the
buildings belcnging to the city, notably by decreasing the temperature of
certain rooms, but alsc by ensuring a2 regulation and optimum maintensnce of
heating plants {81}.

At EPTL, one research project has just begum on the lesses involved in
the circulation and in the distribution of hot water {(68].

An information campaign is currently being organized at the national
ievel by the Swiss Society of Energy Savings (SAGES), the Swiss Action
Committee of Economic Heating and the Federal Oifice of Energy, in order to

improve the overall use efficiency of heating plants.
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3) Other heating systems

Admitting the necessity to find alternatives to traditional oil-fired
heating systems, it is not easy to evaluate the vespectrive advantages and
inconveniences of proposed new soiutions. In this context, three types of

problems can be defined:

a} What is the optimum combination of substitution and energy saving
iwasures that ensure a maximum conservation of energy? For example, is it
to construct solar houses; use heat pumps, or simply super-isolatre the build-

ings and use advanced ¢il heating systems, or electrical heating?

b} What is the "best" heating system for a building in a given region? Is it
central heating or district heating? What forms of energy should be chosen?
What is the best combipation when a binary system is required? For example,

sclar/oil back-up, heat pump/electric back-up,...?

¢) What is the "best" heating system for a room or an zpartment in a given
building? For example, central heating or apartment by apartment, by radia-
tors or convectors, at low or high temperature, in the {loor or in the ceil-

ing, by heater or with hot air?

All of these preblems are not well studied and there is a need for

theoretical and experimental research.

The problem of comparing the respective merits of diverse heating
Systems is of such a complexity that several experiments are in progress in
SADTIAED Y !

which similar buildings were equipped with different systems. For example:

- The renovation on "Limmatstrasse' in Zurich enables the testing of a whole
series of systems installed in differemt buildings: classical central heating,

heat pump, individual accounting and regulation of the consumption (17).

- The PTT is in the process of equipping eight telephone centrals with four
different heating systems: oil, elsctricity, heat pumps, solar collectors {(117y.
- In Sweden, a large scale project comprising 41 experimental houses is now

in the evaluation phase (61). Four basic systems are tested in these houses:

solar heating, ventilation with heat recovery, advanced control (systematic

variation) of the indoor climate, heat pumps. Seven possible combinations
with these systems have been implemented in several houses and can thus be

compared.

~ In a Danish expeviment, a given room has been heated with nine different
heating systems(118}. The measurements indicate differences in heat loss on
the order of 15% through the window and 20% by infiltration. The most
economical heating systems seem to be those in the floor and by radiators,
and the least economical are those with convecters and with hot air. The
differences are explained by the fact, among others, that in hot air and
convector systems the moving air mass has more of a tendency to re-cool

itself in the proximity of cold surfaces, such as windows.

- In Belgium, the emission efficiency of radiators and convectors has been
measured under real conditions [179). An efficiency of 87% has been found
for convectors and of 81% for radiators at an incoming/outgoing water
temperature difference of 30°C. This result seems to be in contradiction to

the conclusions of the preceeding Danish experiment {118).

Other research approaches the system comparison problem from the
theoretical angle. These studies are in the form of "integration exercises',
meaning simulations in which a Jarge mumber of possible options are compared
by integrating a maximum of known givens. One such integration exercise has
been recently completed for the Belgium government (112}, For a small one
family house,'comparisons have been made from among eleven different systems,
including classical central heating, wamm air heating, electrical heating,
heat pumps, and solar collectors of different kinds. A detailed economic
analysis has shown that from among 211 of these systems, the most economically
advantageous still remains the classical central heating, under the condition
that the house is well insulated. The bad economical attractiveness of the
solar alternatives comsidered in this project seems to be partially because

of the consumption of the electrical auwxiliaries (pumps, ventilators, etc).

- In Switzerland, a theoretical study on the substitution of individual
heating by other heating methods has been done by the Institute of Thermo-
dynamics of the EPFL {119}. The same instituts, within the framework of a
recently published comprehensive study on heat pumps {120, makes a comparison

of four heating technigues for an entirely new hypothetical aggliomeration of



400 individual houses, 100 rented apartment blocks and 10 large administrative
and commercial buildings {121): a collective heating arrangement using a

bivalent heat pump/light oil boiler seems to be economically twice as advanta-
geous as individual electrical heating in each building. Finally, a comparison
of the economic. attractiveness of the diverse heating systems for well insula-

ted buildings is being done by an engineering office in Baden {1Z2].

In the state of the discussions on the objectives of Project X of the IEA,
it appears that it is tending toward the running of a certain number of
Mintegration exercises'. Taking a specific case, it is possible that the
Vetlanda house and the building at Glasgow, which are instrumented and for
which experimeéntal data exist, will be taken as a point of departure for

diverse sisulations.

Mumerous technical developments are being studied in the attempt to
increase the efficiency of classical systems and to develop alternative systems.
We will not, .in this report, discuss the development of these new systems (heat
pumps, cogeneration, solar heating), and will comsider airconditioning systvems
in the following paragraph. We will thus restrict ourselves to mentloming some

developments concerning non-central heating systems.

- Room-by-room heating: generally speaking, the direct heating of occupied

rooms has, in principle, clear advantages from the point of view of energy
conservation. More specifically, it enables the direct adaptation of available
energy to needs, it facilitates individual energy accoumting, and removes the
distribution losses inherent to central collective or district heating systems.
These. advantages have been well recognized for electrical heating, but exist
also for other systems using woed, coal, oil or gas. In this area, interesting
developmentshave occurred with room-by-room heating with gas, notably in France
{129}, As back-up heating for solar systems or others, it is important to
develop new, highly efficient small heaters using various energy agents.

" Finally, fundamental research should be undertaken in order to study the fea-
sibility of catalytic combustion radiators which would permit, in principle,

2 maximum energy conservation.
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- Local heating: As much from the viewpoint of comfort and the possibilities
of individual regulation, as.that of enérgy conservation, local heating is
very interesting. It consists of creating z thermal “micro-climate™ at the
specific location of occupancy. Thus, what is particularly being studied is
the use of heated chairs in offices or workshops at a reduced ambiant temp-

erature {130}. One could even envisage heated clothing.

4) Air conditioning, ventilation and heat recovery from stale air

Air conditioning and hot air heating systems ave reputedly wasteful from
the perspective of emergy censervation. This is due in particular to the low
efficiency of the heating and re-coolling apparatus which 1s limited to 85-90%
for technical reasons. However, in certain cases, the zir conditioning plants’
are necessary, notably in large service buildings. Similar to classical central
heating systems, impertant progress in the area of air conditicning plants is
difficult. This is why the most interesting developments in the areas of air
conditioning, hot air heating and ventilation concern air-to-air heat ex-
changers which in the current technical state-of-the-art enable the recovery
of 60 to 80% of the heat from stale air to be expelled from the buildings.
The heat exchangers can be used in three main circumstances:

. to recover the heat lost at the boiler chimney and the ventilation

in large buildings;

. to Tecover the heat {or cold} in the air conditioning systems of
large commercial, industrial or sports complexes;

. to recover the heat lost by controlled ventilation in low energy
consuming dwellings.
Seing the Importance of all these applications, numerous research

projects are in progress on several levels:

- In the framework of Project III of the IEA which is making a study on
energy recovery in ventilation systems {131},

- Qutside of Switzerland, diverse research projects pertaining to the study
of air-to-air heat exchangers, in particular with respect to low energy

consuming houses (132},
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- At the Institute of Applisd Thermodynamics of the BEPFL, studies aré being
done on heat lost by air curtains (68) and the performances in actual
service of rotating energy recuperators in ventilation and air conditioning
installations {133}, Efficiencies higher than 90% have been measursd for
short utilization pericds and on the order of §5% for longer periods of up

te 3 months;

- AL Geneva, one study on the heat recovery in rented buildings, done for the
Cantonal Energy Commission, is trying to determine the viability of heat
recovery from expelled air as much from the technical viewpoint as from its

energy and economic attractiveness.

In Germany, one study has been published on the potential of the implement-
ation of systems for the recovery of heat conventionally lost through ventil-
ation and for the preparation of hot water (134), This potential is 15% for
existing buildings and 30% for new buildings. '

We have already noted the advantage of very air-tight buildings with
regard to energy conservation. These buildings have then need of a mechanical
ventilation system. This poses the question of the energy demand and the
overall economic attractiveness, especially concerning large buildings. The

results of a detailed comparison of a mechanical ventilation system Telative

to natural ventilation for a rented building (133} are decidedly in favor of

central mechanical ventilation with heat recovery. The energy comsumption is
decreased by half when the annual cost of ventilation, including amortization

and plant maintenance, only incrsases by 10%.

The performances of ventilation and heat recovery systems clsarly requires
reasonable inhabitant behavior, especially when they have the possibility of
opeﬁing the windows. Through measurements, on a naturally ventilated,
traditionally constructed English house, studies have shown that the average
rate of 0.4 air changes per hour to ventilatve the entire house increases to
3 zir changes per hour when the window of the bedroom is fully opened (136).

“he resulting measured energy use increase for heating was of the order of 64%.

.The larger the volume V of the building, the more its emergy consumption
becomes a function of ventilation. For a given insulation level, this comes
from the decrease of the vatio A/V (see Appendix II) to which is added, in

the case of high-rise apartment buildings, the chimmey effect. The inside/
outside pressure difference due to this effect causes supplementary air
infiltration which can be reasonably reduced by an appropriate balancing of

the mechanical ventilation system (183). The distribution of the differences

of pressures in a large tenmant apartment bullding also depends upon the closing
and opening of windows. It is thus important that the central ventilation

systems should be studied with the idea of minimizing these interactions.

Une aspect of domestic comfert which is often neglected with regard to
air conditioning and ventilation systems is noise. In this respect, when most
of the new heating systems are essentially silent, the advent of forced ventil-
ation systems with heat exchangers to maintain the air quality and to conserve
energy, should be particularly well studied from the perspective of both noise
and vibrations {137). A possible technique which enables an elegant resolution
of this type of problem is based on the use of passive heat exchangers-
ventilators, which involve the transfer of latent heat across @ porous membrane.
These systems are available in Japan and have an efficiency on the order of
75% (132},

5) Pomestic hot water and heat recovery from used water

The use of domestic hot water, just as the ventilation habits, is extremely
dependent on the 1ife-style and family structure of the occupants. In proportion,
&s the fraction of household energy consumed for heating diminishes, the
fraction apportioned to the hot water and the household appliances becomes more
important. In the case of super-insulated houses, the preparation of domestic
hot water for a2 year can constitute a more important energy expense than heat.

For these Teasons, two vemarks are particularly important:

- If the solar enerpy is not sufficient to satisfy winter heating needs, it
can nevertheless be used in our climates for the preparation of hot water.
This solution was a very widespread practice in the USA at the begimning of
this century, and several pilot-studies and research projects in Switzerland

{117) demonstrate its advantages and its high attractiveness;
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- Domestic hot watey heating can be recovered by heat exchangers. ' Efficiency of electric lamps
1 . . [ H ] t
Several studies on heat recuperators from used water are in progress in _ ’ lumen/watt
1 1 13 3 - 4 Ficiency of water—1o- - - P—
Switzerland {138} and in other countries {138). The officiency of water-to Incandescent lamp 7 17.5
5 o e - e . N ] - ~
water heat exchangers can be on the order of 80%. Fluorescent lamp 23 80
Hew concepts for the making of hot water are also in the process of making Sodium lmmp - 36 185
their appearance. For example, The United States Department of Energy has
:
o N < . Ao g h o hos - P C ek - . 4 .. . -
developed a household water heater which uses a heat pump and of which the The sodium lamps giving & yellow light are not suitable for peneral
ian 3 1 £ r 3 o R . C oy ~ . -~ . . ..
consumption is only half of that of a typical electrical resistance heater : lighting, and only fluorescent lamps offer a practical substitute for filament
{180}. Another idea consists of combining a freezer and an electric water incandescent lamps. The potential energy savings expressed by the factor 80/17.5
) i . S e oo i s Y . ) ] . o o
heater in a single device capable of simultaneously providing the refrigeration is reduced by between 10 and 20%, however, by the inefficiency of the auxiliary
o - . o 4 P 3 q . - ' . - N A . s . .
needs and the hot water necessary for a household (126, see also IV.4.al}). electric equipment (ballast) which is necessary to maintain the fluorescence
An important problem which not only concerns domestic hot water but also bur represents nonetheless a factor of 4 at least. The main problem posad by
hot water for heating is that of its distribution through pipes. : the substitution of incandescent lamps by fluorescent lamps.is that of minia-

. . X ) . turization. It is, however, already sclved. The technical characteristics of
In this context, interesting studies are in progress.on the thermal i . .
. . . . . R . a lamp that will be commercialized in the middle of 1981 are the following (342Z):
insulation of pipes and in particular on the possibility of developing new

plastic pipes for hot water (14{). . Comparison between filament and miniaturized fluorescent lamms
A related preblem which can be a non-negligible source of lesses in large - 7 - -
oy as . e . . . Technical data fluorescent filament
buildings is that of "thermal short~circuits”, meaning the thermal coupling
between the hot and cold water pipes, such that on certain floors the hot
. ) A s Average life time (h) 50000 100
water is not hot, and the cold water is not cold!
Nominal consumption {watts) 18 75
Luminous flux emitted (limens) So0 G0
. T . Efficiency {lumens per watt 50 12
6} Electrical and natural lighting v P ) )
Color temperature {Kelvin) 27900 21700
The problem of artificial lighting viewed in the energy conservation
perspective consists of providing 1ight which is agresble to the eye, and
thus having a well defined frequency spectrum, with as larps an efficiency . Obviously, these new lamps will be more expensive; however, because their
as possibie. For the three most important types of lamps, that efficiency, life-time is five times longer and their energy consumption smailer, their
expressed as the percentage of electrical energy transformed into visible initial price is quickly compensated.

light and expressed in lumens per watt is the following under the best The efficiency of current ballasts for fluorescent lamps is on the order

T3 A
conditions (141): of 70-75% for the standard models, and gbcout 80-85% for the improved models
(143}. With the goal of increasing that efficiency, as well as decreasing the
ballast noise and obtaining a contimuous regulation of the Iluminous f£lux,

ballasts with electronic cirauits functioning at a {requency around 20 klz are
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under study. The efficiency of these ballasts being in the neighborhcod of
100%, energy savings on the order of 20% have been measured in a large scale

experimentation of a prototype in the USA (144).

In large commercial and administrative buildings nearly 50% of the energy
consumption is devoted to lighting. Given the low energy efficiency of slectri-
cal lighting, more than 75% of energy for lighting ultimately goes toward heat-
ing the building, which contributes to an increase in the building's surmer

cooling load (143).

In order to diminish the electrical consumption of artificial lighting, a

considerable number of measures are possible:

- Substitute incandescent lamps by fluorescent lamps;
- Reduce the level of lighting (lumen/mz) wherever this is possible;

- Install luminous flux conmtrol systems piloted by photeo-electric cells
in order to modulate the artificial light as a function of the natural
light centribution;

- Discourage pensral lighting in order to replace it with individual
lights; .

- Install time-switches and contrels in order to sxtinguish or lower the
light when it is no longer needed;

- Rely on natural lighting as much as possible.

The use of natural lighting for the interior of large buildings is
currently the subject of some major research {146). Just as solar heat can be
used for the heating of the ground temperature to decrease the thermal loads,
the use of solar light'for the Iighting in s building's interior offers
significant possibilities for both comfort and energy conservation. More
specifically, natural lighting is recognized as important because of the well
known affinity of the human eve for Fhis type of light and the difficulty of
reproducing its spectrum with artificial iighting. Natural lighting can be
easily combined with selar enmergy systems. In effect, subseguent to the con-
centration of solar rays, components for the heating (infrared) and for light-
ing (visible) can be separated. The natural light can then be directed to the
building's interior by optical means and diffused to the location where it is
needed (147).

For the future, with the hypothesis of the development of adequate light
guides, central sources of light using lasers can be imagined, on condition

that the efficiency of the latter can be increased (1487,

LEE TS S Y



cHaPTER IV

HOUSEHOLD APPLIANCES

The average annual electricity consumption of househelds is relatively
well known, particularly in Switzerland, via the statistics published by the
Union of Swiss Electricity Utilities (UCS) and by the energy indices compiled
by SAGES. The energy indices show that this electricity consimption, which
includes that of electric household appliances and lighting is on the order
of 10 to 13% of the heating energy used {see Table IV). The average annual
electricity consumption per househoid, given by the UCS for 1977 is 3'300 kwh/
year {149). For the entire Swiss household sector, this consumption correspon-
ded in the same year to 22.3% of the total electricity consumption of the

country.

When one comsiders the potential of the energy savings possible for
heating; one sees that the quantity of ensrgy consumed by household appliances
could become a more and more important share of the household emergy bill.
This is what appears in Table IV where it can be seen that in highly insula-
ted houses, the electricity consumption other than for the heating is 20 to
30% of the total energy consumpticn. It is necessary to stress that a part

(estimated at about 35% (150)) of the energy used for household appliances

is dissipated in the form of heat and thus contributes to heating.

Several significant studies have been recently vublished on the possibi-
lities of energy conservation in electrical household appliances. One of them,
mainly concernad with Pemmark {1517, concludes that an electric-household
consunption of 3'000 kWn/year could be lowered to approximately 17000 kWh/year,
without a reduction in comfort, and relying only upon technological improvements
currently available. In the United States, the Department of Energy has publi-
shed an extensive study which proposes minimm parformance standards for house-

hold appliances using electricity or gas (152).



Within the framework of the IBA, Project ¥ proposed by Belgium, considers
in its entirety the problem of electrical consumption of buildings. This
includes not only electrical household appliances and lighting, but also that
of the different motors, pmps and equipment that serves the ventilation system,
the circulation of water for heating, the operation of elevators, etc. For
example, the motor of the hot water circulator in central heating operates
during the entire heating season. The annual electrical consumption to which
this corresponds is easily 5 to 10% of the total electrical consumptidn of a
small residence (150). If this project of the IEA is accepted, it will consist
of simulating completely eauipped, occupied buildings and comparing from both
energy and economic perspectives a large number of possible combinations by
introducing for each of them the efficiencies of the different components, and,
in particular, those of household applisnces and service equipment. In the
framework of this proposal, a preliminary bibliographical compilation on the
electrical consumption of buildings has been published by the University of
Lidge (153). '

In this chapter, we will principally focus on the household apparatus
using electricity. The devices using pas should not, however, be ignored from
an energy conservation view-point: technical improvements are aiso possible
for these, and they offer interesting possibilities for substitution, especial-

ly in the kitchen.

1} Crucial factors determining the household's emerpy comsumption

The analysis of household énergy consumption is difficult because it
imvolves a range of variocus apparatus for which the technical characteristics
and the modes of utilization are very different. In the case of energy needs
for heating and hot water, energy indices expressed in MJ/mZ have been intro-

duced and are currently more and more frequently used. A similar evolution is
underway for the other household needs and this is leading toward the defini-

tion of "energoy efficiency factors” for the household appliances. These enable

the manufacturers and users of these devices to compare their performances.
The definition of these factors in a coherent fashion necessitates an investi-.

gation of the energy conswmption structure of households. This structure is
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generally analyzed as a function of three factors (149, 154):

stock e . ' hnice
o 3 “ us rtecnnlcd1]

{consumption) = %
P ) factors (factors * factors ¢

The stock facter is generally defined in the same fashion in most of the analy-

ses and consists of the level of market penetration defined as the number of

operating apparatus of a given kind per household or as the number of operating
apparatus for a given population of households. On the other hand, the two
other factors are usually defined in different ways depending upon the author
and the type of analysiz. For example, for the electrical appliance, the tech-
nical factor ig gemerally the average installed power of the given kind of
appliance, and for the use factor, the average utilization time per vear of
that instailed power. This decomposition has the advantage of enabling a svs-
tematic analysis of househeld electrical consumption as & function of factors
that are in principle easily measurable. In particular it is currently used
for the statistical compilation on househcld appliances cf the UCS (149) and
of the UNIPED ({155). The product of the use factor and the technical factor

is generally called the specific consumption of the appliance. For electric

household appliances it is thus usually written:

( specific ) - ,utilization) N (instaliedj
consumption time power -
[kWh/year, appliance] [h/year] [¥W/appliance]

Wher: the interest is to know the relative performances of different appliances
of the same kind, the installed power is not always the best technical factor

to take into consideration. For that reason, the energy efficiency of an

appliance has been introduced as its characteristic technical factor. It is
defined in such a way that the specific energy consumption can be written.in
the following manner (151, 154):

specific 3
consumpticn

Amount of service provided (service/vear)
energy efficiency (service/energy)

{
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The kind of service provided obviously depends upon the type of applianc 2 Specific consumptions and utilization rate

(refrigerated velume for a refrigerator, laundry welght for a washing machine,
. R . . Table II gives the annual specific consumption of some currently existing
nmumber of listening hours for a tadio, etc) and shouid be chosen in such a . ‘
. s .. . household appliances for Switzerland, some Eurcpean countries and the United
way as to provide a judicious definition of the energy efficiency factor. The ) E

] ] . tates. This table enables one to make some interesting statements.
energy efficiency factor, when introduced iIn this mamner, and expressed as

"service” per unit of energy, corresponds directly te the needs of the energy - The specific consumptions are relatively similar for the Buropean countries
Igbeling from the viewpoint of the consumer's perception: the greater the and the United States with the exception of refrigerators and washing machines
energy efficiency factor, the greater the amount of service per unit energy for the latter country;
provided by the apparatus. In pavagraph 3) below we will make a review of ' - The specific consumption of American refriperators is decidedly higher than
some possible definitions for these energy efficiencies. those of Europe because the American vefrigerators are generally larger and
By rearranging the above factors with the definitions we are introducing, are often equipped with diverse accessoires;
the following expression for the annual household energy consumption is obtained: - The specific consumption of American washing machines is much lower than that
stock . wutilization ’ of the washing machines used in Burope. This has its origin in the fact that in
Consumption = I - — . the United States the laundry is washed at low temperature and it is thus not
i energy efficiency 5 L . -
necessary to heat the water as in Furope where the laundry 1is usually "cooked™.
and, for each kind of appliance i : This type of comparisons show that the techmologies used and the habits of
Stock -; tamber of operating appliances per household; appliance utilization are generally not very different for certain appliances.
Utilization ¢ amount of service required per household and per year; This enables the transposition of results concerning these appliances from one
Energy efficiency : amount of éervice provided per wmnit of energy, or energy . country to another. They alsco indicate that for certain domestic needs, such as
efficacy if the service provided is expressed in energy Jaundry washing for exampie, radical solutions exist.

units.,
L . . The Institute of Energy Economics and Planning {IENER) of the EPEL
The analysis of the consumption structure as a function of the three ‘
. . conducted a survey with detailed measurements in approximately 200 households
above parameters presents several interesting advantages: i : L

i in the Lausanne area (158). The goal of that research was to determine the

oy 1 ; socion ic £ . The first term s - . : 1
The numerator depends essentially upon socio-economic factors. The first term, specific consumptions and the level matket penetration of electrical apniiances

N : . - 3 £ - . £ nmmdi g . B - =1 oz :

the stock factor, depends primarily upon economic factors: rate of appliance used in households and to analyze the possible relations between this data and
. = . N . AP . " . erm . - - : + +

stock renewal, relative price of appliances, publicity, etc. The second term, the socio-economic variables (revenue, number of persons in the household,

at oy - 3 2 T X ny risti : . . . - co.
the utilization factor depends prinarily upon household characteristics: mumber professional levels). The average ammual measured electrical consumption in

of occupants, habits and preferences, etc. that study is 2'400 Kith/year.
- The denominator depends essentially on the technical performance of the
appliances.
As we will see later in detail, & reduction of the household's energy
consumption can be obtained by acting on these three parameters, either by
decreasing the stock level and utilization factors, or by increasing the

energy efficiency of the appliances.
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[kih/vear]

CONSUMPTTONS
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ENERL

LPLC

SPEC

TABLE 11
3} Energy efficiency and energy labeling of household apparatus
<< < o e ow o N s P .o i o L
& 2 om o« 2 = 2 The increase in the energy efficiency of household appliances is primarily
ot fan | . - . - -~ -~ - . .
an industrial preblem which consists of manufacturing new appliances using
‘ techniques which are in principle currently available. According te the various
EZl2 8 2 03 B OE studies undertaken, these conservation measures are economically attractive
= -t (150, 152) and thus provide the manufacturers with the pessibility to renew
o~ the appliance stock. Tt is thus not surprising that the manufacturers should
= e . . - - .
& e e e o o oo -t be the first to be interested as manifested by a statement of the Swiss
& - g = == & Association of Manufacturers and Retailers of Electrical Household Appliances
; (FEA} at the occasion of a recent press conference {157). This type of attitude
5 e = o - é can be found in other countries and in Germany for example, the representatives
[ = 3 S
= 0 o e %3 = s - . . . c s . .
% A S S S T b of the domestic sppliance industry have promised to the Ministry of Economic
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= = ones to the satisfaction of both consumers and manufacturers, a significant
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& i One of the first problems is the definition of energy indices for domestic
0 applisnces, for example as in form of the emergy efficiency factors introduced
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= in paragravh 1). The direct problem associated with the use of these efficiency
& b : £ marks s i i are P
é s = oo og w0 & factors is that of marking the indices on the appliances, currently termed
— = 9 o < Q . A ) : . .
2 I = as "energy labeling", in such a way that the consumers can easily compare and
choose between different appliances. Numerous organizations are interested and
concerned by this problem. The CEE has thus adopted a general directive which
. inciudes a list of appliances that should be marked in this wav, as well as a
3
S 3} . - : . : 3 : . 3
g § S = directive applying to electric ovens (the two directives will take effect in
uz v o o 8 ) . . . . . . .
¥ P T T B 1982 (159}. The basis of the energy labeling scheme provosed by the CEE
= 5B 5 oz o7 . . . . . . R
E ;% e '% "% é %é consists of marking en each appliance the energy consumption in kWh measured
o i .
= g 8 =oxw 8o under specific test conditions. The Consumers' Association of London conducted

three interesting surveys for the English govermment regarding energy labeling;
the consumer understanding of the labels, the verification of the correlation
between resting methods and consumer use habits; the possible impact of energy

labeling on consumer decisions (160},



Independently of the problems posed by the definition of energy
afficiencies and their iabeling, the major practical problem is that of the
testing of appliances in order to officially certify their performances. The
consumer's organizations insist on the fact that the tests should correspond
to the actual household usage conditions of these appliances. The presentation
format of energy indices should also be eési}y interpretahle by the consumers,
and the survey conducted by the Consumers' Association of London indicates
that there is a decided preference for z label which displays a cost for a
typical usage rather than the quantity of energy to which it corresponds. A
revealing indicator of the difficulties posed by energy labeling and associated
test methods 1s given by the Unites States which adopted a mandatory energy
labeling system in 1575. That system has still not taken effect because it
has not been ﬁessihle to define in an acceptable manmer the appliance test

condition and the presentation of the result on the labels (161).

One aspect of the difficulties that we are raising originates from the
fact that an energy label based on specific consumptions measured under given
test conditions simultaneously involves technical factors and socico-economic
factors related to the test conditions and the presentation of the results.
Energy efficiency indices uniquely describing the technical performances of
appliances enable one to avoid certain of these difficulties. This is for
example the case of the energy efficiency factors introduced in the United
States by the Department of Energy in order to specify to manufacturers minimm

performance standards for household appliances.

energy efficiency factors

. refrigerated volume [& x daysl
‘Tegrigeralors, )
freezers enerpgy required per day  [kWhl
boilers,
water-heater, - heat transferred to the product
cooking stoves, total enersy required
ovens,
clothes dryers, . weight of the load [kegl
clothes washers, Total energy required [lWhl
dishwashers

The definition of these energy efficiency indices is consistent with other
efficiencies currently used such as those of cars expressed in km traveiled
per liter of gas (miles per gallon in the U.S.} or electric bulbs expressed

in lumen per watt.

4} Technical improvement pessibilities for household appliances

In this paragraph we wiil review the pessible technical improvements
for the appliance in which the annual specific energy consumptions are the
most important. These possibilities have been mainly studied at the Technical
University of Demmark (150} and by the Department of Energy (DOE} in the
United States (152). Only the improvements which in principle do not change

the level of comfort provided by the appliances are considered.

In currently existing refrigerators and freezers, betwsen 70 and 80%
of the energy consumed is lost by transmission through the walls and the door.
Despite this dominant characteristic, energy consumption is not a simple
function of parameters like the volume because it also depends upon the refri-
geration principle and, on accessories like automatigque defrost and on details
of construction. The studies show that the electrical consumption of refri-
gerators can be lowered by 50%, mainly by using en insulation thickness of
6-9 cm and increasing the surface area of the evaporater. The feasibility of
this technique has been demonstrated by the United States Department of Energy
by the reduction of constmption in a 300 1. reprigerator from 1'460 kWh/year
to 600 kWh/vear (180). A Danish study {150} shows that the consumption can
be reduced to 1/5 of the current value by more radical measures including
an insulation of 10 m thickness and a tripling of evaporater and condensor
suwrface area. The studies of DOE (132} led to similar resulte and both predict
an annual consumption of 90 kith/year for a refrigerator of 130 1. instead of
the 350 kiWh/year currently comsumed. The mzjor inconvenience of this type of
radical measure is the greater outside volume as z consequence of the

additional thickness of the insulation.



The same techniques enable similar results to be obtained for the freezers.
In the case of radical measures, the thickness of the insulation is then
expanded to between 20-Z5 cm. An indirect advantage of this supplementary
insulation is that the time necessary for the temperature to increase from
-18%C 1o -109% in case of accidental power failure is on the order of 1 to

5 davs.

A German constructor recently announced a freezer in which the cendenser
heat is used to prepare hot domestic water. One such freerer of 130 1. should
thus be capable of providing 46% of the hot water necessary for a family of
four. Relative to the traditional price of hot water, the payback time of the

additional costs would be 2.0 wvears (128).

The principal characteristic of existing Eurcopean clothes washing
machines is that only 10 to 15% of the consumed energy is used by the motor
which is the element résponsible for eliminating the hard manual labor of
the washing. The remaining constmed energy is practically totally used to
heat water. The comparison of the energy consumed for a given wash cycle by
machines from different manufacturers shows that the energy consumption
varies more than 50% from one to the other, alsc indicating considerable

variations in the programs.

The energy consérvation measures envisaged consider an increased thevmal
insulation, a reduction in the use of hot water in both velume and duration,
and the possibility of a wodification in the actusl programs. A reduction of
50% of the comsumption is technically possible but requires the elimination
of the wash which does not even seem to be necessary if the main‘program is
modified accordingly. For radical measures (150}, it is possible to lower the
electrical consumption to 1/8 of current levels. These measures consist of
completely renouncing the electrical heating of the water and use the 5C to
60°C warm water produced by the central heating or by the domestic hot water
system. The wash at that temperature, or even with cold water, is very wide-
spread in the United States, and with medern detergents seems to give full

satisfaction.

In Switzerland, the survey of the IENER (156) measured the energy
consumption of different brands of laundry machines. The machines without
water heating consumed the average 1/5 of the energy of standard machines.

At BMPA, measurements are in progress on the consumption of water and electri-

city by washing machines {162).

Dish washing machines are in principle very similay to clothes washing
machines. Similar comservation measures apply to them, and radical measures

enable the attainment of a consumption at 1/7 of the current value {150).

There exist two types of clothes dryers: tumbler drver and drying
“closets'". Although the first type of machine is widely used in certai
countries like the United States, it is hardly used in Swiss households.

The statistics of the UCS {155) claim on the other hand that 15% of the house-
holds have access to a collective drying space. For this type of appliance
more than 80% of the energy is used to heat the air and the remaining by the
drum motor or the ventilater of the drying closet. The possible conservation
measures include the recirculation of a part of the heated air, the use of

& heat recovery unit and the increase of the motor efficiency. The application
of the set of these measures leads to an energy consumption that is 50% lower
than the initial valuve (150)}. A reduction of electrical consumption up te 1/5
of the initial value 1s possible if, instead of heating the air at a tempera-
ture between 80-100°C, the temperature is restricted to the 50-60°C range of
the domestic hot water .of the heating system. In this case, however, the drying
duraticn will be approximately 30% longer (158).

4=

Another energy conservation pessibility is provided by applisnces which,
instead of evaporating the humidity by hsat, dehydrate the atmosvhere of the

enclosure by condensation (163),

Electrical consumption measurements of tumbler drvers are in progress
at BMPA (162).
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_________ ges_and ovens

The goal of cooking on electrically heated plates or in an oven is
to bring a given quantity of food to a given tempevature and eventually
maintain it there for a certain time. At the nresent state-oi-the-art, only
15% of the energy consumed by the domestic ranges and ovens is in fact
utilized to this end. Different proposed measures of conservation tend to
increase that energy efficiency to around 30%, which, by simultaneously
reducing the losses via a better imsulation, results in & reduced electrical

consumption for cooking by a factor of two (150).

More specifically for the ovens, the conservation measures consist in
decreasing the size of the windows and the use of double glazing, increasing
the thickness of the thermal insulation and decreasing the thermal capacity,
A radical proposition consists in placing & smaller, well insulated oven,
for the majofity of usage, inside the standard oven.

It is interesting to compare, from the energy perspective, the electric
ranges with the gas ranges. The energy efficiency of gas ovens is only 6%
compared to the 15% for existing electrical ovens. On the other hand, the
energy efficiency for the cooking in-pots is 30% for gas compared to 15% for
electricity. In the United States, the staendard proposal by the Department
of Energy is to bring the energy efficiency of gas to a minimum of 45% by

1986 (1523,

We have investigated the conservaticn possibilities for lighting
in the preceeding chapter. It can be claimed that the replacement of filament
lamps by fluorescent lemps in situations where this is possible (approxima-
tely 80% of lighting needs) will iead to a 50% reduction in electrical

consumption for lighting (151).

Table I1 summarizes the effect of conservation measures nroposed by

the two main studies guoted in this section.

The American study (152} mainly considers the measures which can be
undertaken essentially without modifying the appliances' overall mechanical
characteristics and which act on the active components. For instance, theay
propese not to reinforce the insulation of apparatus above a certain level

so that the wall thickness is not excessively increased.

[he Danish study (130} proposes three levels of measures. The moderate
and Strong measures consist mainly in improving the existing apparatus
whereas the radical measures require a conceptual modification of the appli-

ance.

The two studies only envisage measures that are economically attractive
and in particular the Danish study claims that ths payback time for radical
measures is on the order of § te ¢ years depending upon the appliance.

Based on the anticipated results for the radical measures, a projection
of the electrical consumption of a Danish household indicates that it could
be 830 kiWh per year, whersas the same household equipped with the best

appliance avallable in 1979 would consume 2800 kWh per year (151).
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This type of statistics also exists for other countries. Correcting the
data in order to account for difference in the number of degree-days (40}, one

has

Country Year Equivalent Fnergy Index
France 1977 1500 MI/m° an
UsA 1970 : 1100 M/ an
Switzerland 1979 825 MI/m* an
Sweden 1972 800 MI/m’ an

in this table the average number of degree-days in Switzerland was taken as
3650 (relative to ZGOC) and the international data have been normalized to

that value.

. - 2 . .
This table shows that the Swiss average (825 MJI/m™ year} is relatively good

in comparison with the international averages.

The international conswmption statistics {40) are given in Figure 1T
which shows the energy index as a function of degree-days (relative to 26y,
The lines give the average in the USA for 1970, the theoretical results of new
building standards for constructions and with normel infiltration at low
infiltration with heat recovery. The average in France is FR77, the result
{estimated) of the new French standards is FR74. The Swadish average iz SU7Z,
the result (estimated) of the new Swedish standard is SU75. The average in
Switzerland is CH72Z. The other points on the Figure correspond to pilot-houses

that we described in Chapter I.
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The energy indices established in Switzerland can alsc be commared in a
TABLE TV : . . . . .
e more detailed mamner with those of diverse highly insulated experimental houses.

- This is what we have done in Table IV.

NORMALIZED ENERGY INDICES OF TYPICAL SWISS BUILDINGS AND HIGHLY

INSULATED HOUSES ' 2) Typological studies

Another kind of statistical study consists of classifying the building
stock Into certain types of buildings according to & certain mumber of criteria:

age, energy consumption, thermal improvement possibilities, solar contribution

- possibilities, etc., with the purpose of being able to precisely nredict the

Mjfmzy— Heating tot Water Electricity | Total eventual effects of a thermal improvement campaign.

A study of this type is being conducted in the canten of Geneva by the
1500 Swiss

707 100 108 975 Energe group for the Cantonal Commission on Ensrgy and will be completed in the
houses (113}

summer of 1981. Similar studies are in progress in other cantons, particularly

201000 ‘ : - in the canton Vaud by the Research Institute on the Fuilt Environment {IREC). At
Swiss 825 80/35 55780 240 the national level, the Battelle Institute at Geneva made & compilation of
??ii?ments L ' existing data concerning the distribution of the energy consumption of buildings
) in Switzerland according to the different types (164).
24 houses -
Scotland (49) 120 124 124 368
N 3) The Energy Budget
> houses 215 125 8 425 , _
Sweden (60} : A great deal of effort has been made in recent years in the evaluation of
| .

the economic atiractiveness of energy conservation measures. It is thus that
murerous methods have been developed in order to be able to compare between
the diverse measures or to optimize the application of one or a set of measures

in the case of a piven construction or a retrofit.

In the following paragraph, we are presenting in an elementary fashion the
main economic methods currently used, without going into the inevitabie
complications which are introduced when one wants to account for all of the
econemic factors such as the increase in the emergy price, the inflation, the

fiscal measures, etc.



In order to place the economic problem in & concrete context, it is
interesting to consider the '"energy budget™ of a household in & tvpical
Swiss residence, defined by the average of the consumption statistics presented

in the preceeding pavagraph:

Annual "epergy budget” of a Swiss residence of 180 mz heated

by a combination heating~hot water system

: Enargy Anmaal Price of Annual
\\\i:\\\\ {; Index : Consumptior Energy Expense
AR
Heating 753‘M5/m2 3227 kg 0.7 Fr/kg | ZZ36.- FT
lot water 126 thmz 540 kg G.7 Fr/kg 378, I'r
Electricity, 108 iU/mz 5400 XW/h 0.12 FykiWhl  048.- Fr
Car 104/100kn 1500 ¢ 1.270r/s 1800.~ Fr

For the sake of comparison, we have included in this. table the gas

consumption of a car traveling 15'000 km per vear,

The figures of this budget correspond only to the purchases of fuels and
electricity. It would be necessary, to be complete, to add to these fipures the
costs of installation, operation and maintznance. However, even in that form
the figures show that still today, the expenses for snergy only represent a
small fraction of the total household budpet. That situation changes to some
extent if this "energy budget" is compared to the rent. In 1878, meaning

before the sharp increase in the oil prices of 1979/1880, the averape Swiss

énergy budget already represented nearly 20% of the total vent {42), However, in
order to decrease the energy consumption in a sensible fashion by energy
conservation methods, it is often necessary to invest a relatively considerable
sum of money with respect to the expected reduction of the annual Venergy
budget". Thus, the economic attractiveness of energy conservation measures should
be carefully studied, so that the most profitable measures can ba applied in

order of priority and with success.

4} Economic attractiveness of energy conservation measures

Corsider for example a construction project or retrofit for which the total
initial investment is 1(Fr) and the annual emerpy consumption QMMY/y). The First
economic problem consists of establishing criteria which enable the evaluation
ol the atrractiveness of a supplementary investment AI(Fr) for the purpose of
reducing the anmual energy consumption by a aquantity AQ(MI/y). Cne such reduct-~
ion can be obtained by one or by several combinations of measures which concern,

either the active or passive components of the building (measures of a technical

nature} or the menner in which energy is utilized in the building (measures of an

organizational nature), for example training of heating engineers, installation

of monitors for the individual accounting of heating costs, programmed regulation
of room temperature, regulations imposing minimal reserves of hearing fuels, etc.
Certain of these measures can imply use costs for mmming and maintenance. Finally,
for each measure or set of measures, there is the probrem of the marmer of
financing. This last problem is not simple, particularly because certain comser-
vation measures involve components which have different physical life-times.

Yor example, the physical life-time of the building shell is on the order of 8-
160 years, that of the windows is on the order of 30-50 vears and that of the
0il burner only 10-20 years. This physical 1ife time determines the maximum
possible amortization time. However, in economic calculations, one cannot assume

times that are longer than the maximum duraticn of loans granted by banks. It

is thus necessary, for each conservation measure, to introduce an econo
life~time (which corresponds in general toc the duration of the amortization)

with respect teo which the measure in question should be attractivs.
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Thus, a calculation of economic attractiveness involves at least six main

parameters, in general, specific to a given measure:

AY(Fr) : Total initial supplementary investment
AM{Fr/¥) : Annual running and maintenance costs
AQMI/Y) ¢ Energy conserved per year

c{Fr/MJ) : Unit price of energy
n{y} : Economic life-time

r{%) . Interest rate

The fundamental criterium on which the majority of the economic attractive-
ness calculations are based is the idea that in order to be “attractive", the
total amount of money saved, equivalent to the energy saved during the economic
life-time of the measure in guestion, should be greater than the total initis

investment.

Neglecting to begin with the effect of interest rates, of the increass of
energy price or infiation, etc., this criterium can be simply written in the

following manner:

Al <« 1 {c a3 - &}

Since the Guantity between parenthesis is neneother than the maximum sum
which is available each vear to reimburse the initial investment, and n is the
number of years considered, this criterium should be abselutely satisfied,
whatever the other. conditions are, in order to make the measure appsar attractive.
It is interesting to mote, in relation to this very simple criterium, that the
effect of rising energy prices, or inflation or financial incentives, can only
reinforce the attractiveness. On the comtrary, the effect of the interest rate
associated with the_energy conservation investment, which is either covered by
a loan, or is in {inancial competition with another type of investment, works
in the opposite sense. This is obviocusly due to the fact that the interest pay-
ment decreases the sum of money that is available yearly for the amortizatien of
the debt. Tt is thus indispensible to account for the interest rate, and the

usual method consists of reimbursement by constant annuities. This method enables
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one to keep the above criterium in the same form, with the condition of repla=
cing n by & discount factor* DB{n,r) which is a function of this nimber of vedrs

and the interest rate:

a1 = D{n,r) - (c a0 - AM)

5} Indicaters of economic attractiveness

Based on the criterium of attractiveness that was introdured in the

preceeding section, several indicators of attractiveness can aiso be defined.

These indicators are calculated by solving the final relationship of the pre-
ceeding section, taken at the attractiveness threshold, with respect to one

of the three variables n, r, or ¢, while kesping the other two fixed (see
Appendix TIT for the details). Each of the three indicators thus obtained have
a simple meaning and enable the comparison between several measures from the

economic point of view:

This indicator is obtained by dividing the total apnual cost of the
investment (amortization + interest + operating and maintenance costs} by the

quantity of conserved energy: . .

C, ™ (BL/D ¢ &) / a0 = pl/n agQ

This eguivalent cost enables a com?arison between the effect of the
conservation measure and the price of energy. In particular, this equivalent
cost should be less than or equal to the current or future price of eneroy.
This indicator is alse the basis for certain simplified methods of optimization

for energy conservation measures (44).

In certain cases, it occurs that the inverse of this indicator 1/Ce is
used instead of Cp This is then the energy return of the conservation measure
{165},

D{n,r} = & (1 + r}mt = % (- {+3 ™ <n



This indicator is simply the minimm time Span necessary for the sum
total of money saved by the conservation measure considered to be equal to the

initial capital invested. To a first approximation:

n_ = al J/o(coaQ - aM)

In practice, for reascnable interest rates and energy price increases,
this approximation is found to be relatively good for attractive measures for

which the payback period is on the order of 5 vears (166).

The major significance of this indicator is that it allows the attractive-
ness of the conservation measure to be placed in perspective with the economic
horizon of the person making the investment. In effect, and this particularly
concerns the consumers, that horizon is in general very short, and of a few
years at most {166). Under these conditions, the "mayback period' is probably the
"best” indicator because it indicates the minimm time in which the realized
savings can cover the initial investment, and the moment from which the total

of these savings constitutes a net benefit for the consumer.

c} internal rate.of return-

This indicator consists of calculating the interest rate of an
investment which would have the same financial return as that provided by the
net amount of money equivalent to the annually conserved energy. To a first
-approximation:

r. = {c 60 - aM) / &l

is is often used by economists because it enables an investor to compare

the return of invested capital in order to realize one or several conservation
measures te the return of ancther possible investment for the same capital.
Another aspect is that the internal rate of return is also directly comparable
to rates such as inflation and the increase in energy price. For instance, a
£irst approximation, the Inflation rate and the rate of energy price increase
can be added to the internal rate of yeturn (167). In this manner for example,
one can estimate what the rate of the energy price increase should be in order
that a non-attractive measure (ri less then the market interest iate} becomes

attractive.
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In order'te illustrate the practial use of the indicators discussed
above, we have compiled their values for a group of possible conservation
measures (166) in Table V. By presenting these figures in the form of a table
ordered according to one of these indicators, it can be seen that they are not
strictly equivalent. Nopetheless, in examinimg this table, as well as similar
presentaticns from other economists {168}, the following remarks can be made:

- The most attractive conservation measures are in general those which first
concern the organizational measures, followed by those by which the efficiency
of the active components is increased, then those which concern the increass in

thermal insulation and finally those that use alternative energies.

- The conservation measures are in general more attractive for new buildings

© than for retrofitted buildings.

- The decrease in the erergy consumption of household appliances is in general
ery attractive.

In order that this type of comparison and classification does mot lead to

false conclusions, it is necessary to make two important remarks:

1. The calculavions above are made with the current costs which are in general
decidedly unfavourable for the new techniques. In addition, the indiczators are
very sensitive to the price of energy and a small increase can completely

change the situation.

Z. Every energy conservation measure, even when weakly economically attractive,
is always interesting from the viewpoint of conserved energy. Such a measure
can, and particularly in the case of supplementary wall insulation, lead to a
considerable emergy saving, when this i5 integrated over the building physical
1ife-time, even if the inttial investment, which is amortized only on a portion

of that life time, is mot very attractive from a financial viewpoint.



~ 88 -

RVATION MEASURES

NERGY CONSE

ENESS' OF SOME B

ECONOMIC ATTRACTTVE

- B9
TABLE V
— .
" p 1y ~ o -+ s o L s | i Iy = —
= = il R BT - - B B < < - P S =
P 6) Optimization of enmergy conservatlon measures
y o - L)
=2 M el AR S Rl SR AR RS L ) °:§' = E S|
digd|lololdics|le!lala sic|leolols in the case of a complete building, the problems of the overall optimi-
_ zation of @ set of energy conservation measures appears to be a very complex
L —
- - 1~ = — - ] o 1 - . - o
K R e R R R R R Rl FE TR B ) 3 problem. In fact, although the necessary calculations are indeed generally
= - —t P o~ o~ ) 3 =t o] [ :: :2 =) : o -
g voluminous and invelve s large number of parameters, the basic principles
i
?j = gl glaig|s 2881813 2 g are relatively simple, It is first necessary to realize that there are three
= . - . . : : o o e T | e - .. .. .
e i I N B B M = - - possible optimization levels.
= g . - . g
- - mlwmlelmieclolw|adlals = 1. Minimization of total initial cost. This is the traditional method used
ot — et = vy —t —t e ot 3 % w LR ]
i in the area where the ener rice was sufficiently low such that the “ener
_ = Y 3 gy
=4 § w | o o3 5 I % ;:: o E :?’j i budget” of tenants remained negligible in relation to the rent. In this case,
e - N : y Y 2 . =y < s e . . - - P
= oE = = = A Y & only the initial costs of construction and installation of heating/ventilation
et bl .
b= Systems are taken into consideratlon, and the copsumprion of energy plays a
[} fel (a3 o = B % [ooy o r:' ¢ (%93 1’3 [oan] \0\ DC.\ i
N L R glmlelgioiE 2 BIEaE = secondary role.
= & P o ‘E L A B L S T - S I 8 I
o ' - o 2. Minimization of total anmual cost. In this case, one minimizes the total
ol o] ol w dlelnlizivig|loiais : o o annual cost which is the sum of the amortizement costs and annual interest
— T B S A A AT = B B p M S RS b s . . .. . 5
3T tal Bl T al” == w | o |- g (corresponding to the active and passive components which conmtribute to the
< Z o b RIS N o 0 N -8 5]
© buildings energy consumption), the eventual operating and maintenance costs
valls =3 N I S0 < SR N A S - A N 4 i 4 g and finally the total annual energy consumption cost.
. =
- O R T =T U SIS i S a ca b oo | oo j 3. Minimum life cycle cost method. For this method the procedure is the same
— = Glelsleizlmizisy 2| o) ool e = R . . L.
3 i~ el IR T = S, ‘:; S R :.\2 g G as in the preceeding case with the difference, however, that one adds to the
fut? - e — = i = ... .
e = i o o initial investment costs the set of annuval use, maintenance, and energy
- consumption costs totaled over the economic life-time of the building. This method
o
i enables the optimization of the bullding as a system by simultaneousiy incor-
oh | ~ . . . ,
§ ; . porating aill the effectively attractive energy conservation measures, and
o g s
= & ‘5 ninimizes the overall energy budgets of the tenants.
[ = @42
PR TS 1w ot = = o i
4 2 25 i ca . " ; ;
2181 5 51 & g1« = | 8 w Let us consider in more detail the two latter methods whose mathematical
[N IR o oo oo A @
i o e h = @ = o . . . - - -
2l wi B A Bzl = ow , z descriptions are summarized in Appendix ITI.
s w O i i = o | 7 i = T
S oEc] e =15 £ o =] B Qoo "
@ 2 - e =] - 3] N ) w ]
P R e I I n ool ! =
|l =] o= =l ol ow o &L - &
= o [o] @ =t 4} i ] E ot 4] =2 © o
o ] = s = = =] [P 1 4
2 = & o 4 i = it & & » W o =
o Cr = — 4 [+ - U - =r] = w 5
SIS - B G - R =10 S R e = e D
Tk ol wmt o u & Bl gl & Lic|m
we | = 1w = N 1 ) o [ + L
o @] g =R = - X o | A
4 cl'a !l @l ol & mi 3 =i =] &
14 e = i fal = 4 —i [¥] e = o - +
o el g =R =T B i ol © = = ol
- = & i FIRR e [s] = = = w = @ w By
=1 B &} ol o= 2] [ B =
= T o= = Sl = R - = ] 4|
S|Elel® P18 2| 8|81 8128|222
S E&131& 5 8 228128158




- 80 -

In this method, alsc kmown as the "annuity method”, the assumption
is usually that the reimbursement of debts is via constant ammuities, In
addition, only average armual costs are considered and to & first approximation
the possible effects of energy price increase and cther economic parameters
are ignored. Given this, the total annual cost is written in the form of a
sum of terms which are the anmuities corresponding to each of the partial
investments, the eventual corresponding annual costs of operation and use
and the total annual energy expenses. The process of optimization consists
then of calculating that sum for each possible configuration {insulation
thickness, double or triple windows, heat pump or oil heat, etc) until the

minimer 1s found.

The major interest in this method is that it enables an overdll optimi-
zation of a building without necessarily having to use a computer program. It
is alsc in general sufficient for the optimization of a not too complicated
thermal retrofit, or in any case, of an isolated conservation measure. This
method is also advocated, for the simplest situation, by diverse technical
handbooks of the Confederation (44,45},

If one desires a more complete optimization which can eventually

account for pardmsters such as:

- the individual life time of each component;
- the energy price increase (oil, electricity; etc);

~ the economic parameter such as inflation, taxes, insurance costs, fiscal
incentives, etc;

- etc.

it is then useful to make an economic analysis which minimizes the life cycle
cost, With such a method, each term of the sum which constitutes the total cost
function to be winimized, is generally affected by a different discount factor
of such a nature that the present worth value of each of these temms accounts
for all of the above parvameters. The calculations are thus laborious and in
practice necessitate the use of a computer. In any case, this type of compiete
calculation most often requires a detailed energy analysis of the building via

a computer program, and therefore this mecessity is not & real handicap.
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For example, the life cycle cost method was used in the United States
by the Department of Energy with the program DOE-II, in order to make an
economic analysis of their new building energy performance standards {BE?S)
(169). Figure III gives a sample result of that study for a private residence
located in Chicago. It indicates that with conventional measures, the energy
consumption can be lowered by 339, and that with a decrease in uncontrolled
infiltration and the installation of an air-to-air heat exchanger for venti-
lation, by 58% below the consumption calculated using the 1875 standards,
The calculations were made with the American 1978 gnergy prices and for
constant comfort level and a fixed pattern of inhabitant behaviour. In this
figure each point represents a given configuration (heating type, glazing
type, thickness of insulation, etc). for which the energy index and the
life cycle cost divided by the duration of the amortizement have been

calculated.

The concept of life cycle cost can also be used in other ways, for
instance, in order te campare the econmomic attractiveness of diverse solutions,
such as within the framework of an integration exercise {i12), or for house~

hold appliances (152).

One final remark on the problem of the overall energy optimization
of buildings is necessary. In effect one can make an optimization which mini-
mizes either the financial investment {(by one of the methods described above)
or the energy consumption directly. In the second case, in the limit it is

necessary to account for the epergy cost of construction. This energy cost

accounts for the so-called "grey energy™ which is the energy spent for the
construction itself, for the menufacture of insulating materials, etc. This
grey energy of construction can eventually be greater than that which is
conserved at the time of use. A study on this problem is in progress at the
EPFL and preliminary results show that the total energy costs of construction
(including the heating fuel costs) diminish in a quasi-linear fashion with

the heating fuel costs. The energy costs are thus not of decisive significance
for the building studied (170].



CGUSE [T/ Y )

Lig-cycie

- 92 -

Life cycle cost and heating energy index calculated for

different types of heating systems as a function of the

insulation and heat recovery levels for a house located
in a 3700 degree-day climate

1200
&
.
1000 — o
B
- e Eleciric heating
B
& & Heat pumps
il tin
800 — e Oil heating
- 7 o
Y
| &
6§00 |~ d§§ ’ A
& @
e «®
. ve °
L
400 o .
So N g .
o | With mechanicai
& > Ventilation and air-air
- Heat exchanger
200 I i 1 i i ! i
100 200 300 400 500 800 700 800

Energy Index [M3/m24]

Figure IIl

- 93 o

7} Overall potential of energy conservation

An important problem with respect to the possible impact of energy
conservation medsures is that of their overall effect on the energy consumption
of an entire country. In Switzerland, within the framewstk of the Global
Energy Conception (GEK), the Confederaticn financed a study on this problen
as well as on the infiuence of fiscal and legal measures {(171}. Concerning

this second aspect, another study is financed by the National Foundation of

“Scientific Research {36).

A dissertation, presented at the end of 1879 by an eccnomist of the
Graduate School of Commercial Studies at St Gall, showed that if all the
possible energy conservation measures were implemented, the level of Swiss
energy consumption in year 2000 could be at the same level as that of 1875
(172}, Similar conclusions have been obtained for other countries and in par-

ticular for England (173}.

kA E R TR E R AL
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After having written a review of the current research in the area of energy
conservation, one is naturally inclined toward certain general reflections
concerning the results, and the importance and directions of future research.

An important consideration is that there are mmerous examples of pilot projects
where the energy consumption for heating is on the order of 100 RU/mZ year,
whereas the Swiss average is 750 MJ/m2 year. These low energy houses take
advantage of: very substantial insulation (10 to 30 cm of insulation,

k=061 -0.3 W/mZ'QK}, an architecture and orientation that optimize the passive
solar contribution, a maximal reduction of uncontrolled air infiltration, and
most often a mechanical ventilation system with heat recovery. Thus the technical

feasibility of comstructing new, low energy houses has been amply demenstrated.

R =%

Considering that the large of majority of the current housing stock will
still exist in the year 2000, it is evident that the problem of the thermal
renovation of these structures is of greatest priority. A significant mmber of
experiments have indicated that emergy savings of 50% are not rare and it is
possible to reduce consumption to about 250 MJ/mz year. As in the case of new
low energy building comstruction, the most important aspect is the quality of
the work on hoth conceptual and practical levels. Certain projects have been
quite successful but there are also instances where there has been no significant
improvement. It appears that these latter cases can be attributed to having
either ignored the improvement, often relatively cheap, of the heating plant
efficiency, or having placed an emphasis on improving the insulation without
considering air infiltrations which are still very difficult to reilably
measure with our present knowledge. The greatesi energy saving pessibilities
for buildings of relatively recent comstruction lie in reducing the losses due
te air exchange (uncontrolled infiltrations and ventilation) and down-sizing

the heating plants. In such cases this can usually be done without necessarily
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replacing the cversized boiler. For oider buildings, the fitting of as much
external insulation as possible when the building shell is renovated should

also be accompanied by a corresponding adjustment to the heating plant.

The majority of experiments, made with new buildings or thermal retro-
fit, concern individual houses, Otherwise, there have been only a few
experiments made with large apartment buildings. It is already known that
theorstically they could consume about 50% less per m2 than houses. Upon
viewing the statistics, however the measured energy index of apartments is
very nearly identical to that of houses. This contradiction demonstrates the

ample amount of work to be done in this area.

In the area of household appliances and lighting, the studies indicate
that equally spectacular savings are possible and are on the order of a
factor of five or more. The new, low energy consuming products can represent,
a very important market for the future, and certain companies, notably
Japanese, are preparing new egquipment of low electrical consumption in order
to effect considerable reduction of energy use in the household and commercial

sector.

An essential aspect of these new technologies is'obvicusly thelr economical
attractiveness. At the current price of energy this has aiready been demonstrated
for a number of them. One of the most significant points stressed, hawever, at
the first conference of the IHA on the "New Energy Conservation Technologies
and their Commercialization' in Berlin (April 6-10, 1081}, was that the
introduction of intrimsically profitable measures in the residential sector is
vemarkably slow in comparison with the imdustrial sector where the possibilities
for economizing are often relatively smaller. The current trend toward the
application of energy conservation measures in the residential sector is such
that it will take from 15 to 20 years to generalize the use of technigues that

are currently already profitable. This paradoxical situation is due to, among

other things, the complexity of the market in this sector and to the contradicting

interests of actors: construttors, owners, temants, producers,energy retailers,
stc. Another important paradox that became apparent at the Berlin Conference
is the fact that, with the exception of Japan, throughout most of the
industrialized world the annual energy consumption for heating is equivalent

to approximately 4008 liters of oil per dwelling, and that this is independent

of climate. The implication is that the most important and most vrofitable
energy savings are still to be realized in the most temperate areas of these
regions while most of the current efforts are being made in the coldest
regions where houses are often already well insulated. In the conclusion of
a recent study of the Commission of European Commumities (183) it was most
aptl? stated that the residential sector is where "the savings are at the
same time the wmost promising and the most uncertain". They are promising
because the calculations and the pilet studies show unambigously that energy
consumption can be decreased by a factor of two or more. They are uncertain
because of the broad diversity of obstacles (variations in local conditions,
insufficiently informed sngineers, non-existence of adequately trained
personel te complete the work, temnant-landiord conflicts, too few opportunities

to obtain low interest loans for thermal improvements, etc).

What are some possible research goals for the coming vears?
Intending to be neither exhaustive nor peremptory, a mumber of ideas can be
suggested. Despite an abundance of technical information, we still know very
little about the social feasibility of energy saving measures. At the macro-
economic level of large groups of buildings,. particularly of regions or
wuntries, it is therefore necessary to confront the socio-political problems
posed by thermal rencovation and study the different measures which will
encourage this type of renovation om a large scale. The research in this

domain should lead to the elaboration of concepts and detalled strategles,

with egual emphasis on both the technology. of thermal renovation and its
application on a global scale fo & region or country. Today thers are numerocus ~
instances of thermal retrofitting. It would be of prime interest to obtain as

much statistical information on those Initiatives as possible and to discover

the motivatiens, what has been successful, the cost and the techniques employed.
It would be equally useful when teams of experts could make detailed analyses
of the cases where the results have been especially good but also insignificant

or muli:

This statistical information would be easier to obtain if, 4n ceollaboration

with the professicnal associations, one could define what minimal technical data

should be taken at the time of renovation. A renovated building should provide

such data as specific consumption (before and after the renovation if possible},
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general characteristics of the building, mumber of degree-days and added cost.
In fact, it is unfortunately often very difficult to obtain this information.
These statistical studies would permit a better understanding of the disparity
between what can be expected if evervthing is done very well and what is
achieved in practice by engineers or architects who do not necessarily have

an extensive training in these areas. This is the fundmmental problem of all
energy savings campaigns and merits studying in the context of a national

plan. These statistical studies should be completed and refined by typological
studies which would permit the classification of "rencvation-types'™ depending
upon the age of the building, its geographical location, construction characte-
ristics, purpese, occupation pattefns, etc. These typological studies should be
made separately for the building shell and heating svstems. Thus, as it has
been previously stressed in the text, very iittle is known about the extent

to which building renovations are economically profitable. Micro-economic

studies on this theme sould be extrsmely useful.

Statistical studies and data banks are equally necessary for household
appliances. These studies would be essential in order to implement energy
labeling regulations and consumption performance, standards and to inform

the consumer.

The development and deployment of simple methods for the energy audit
{direct measurements of energy performance of the heuse and calculation via
portable calculators) is an absolute pricrity. With these diagnostics one
should be able to not only calculate the details of the renovation and its
effects on energy use, but also dilineate the rencvations in order of
decreasing profitability. In effect, it is necessary that officizl agencies,
constructors and future clients have at their disposal date ghout the
twenty or thirty year's cost of a given comstruction ("life-cvele cost') as
well as data on the economic profitability of thermal improvements. Since
technical and econcmic conditions can vary among regions and among types of
buildings in the same region, it does not suffice to iimit the studies to a
very small mumber of pilot renovations. It is necessary to find a way of

encouraging a large number of diverse retrofit pilot studiss. This is not to

Say that it 1s necessary to finance all of those renovations, nor to instriment

them in all and every fashion. What is necessary, however, is to make financial

support available for the performance monitoring and for the critical analysis

of results which should be scientifically credible in order to provide valuable
information. The cantons could have an important role to play in this context.

The priority of these pilot-experiments should be the laree apartment buildings

since they comstitute a considerable portion of the building stock and have
been the object of only a very few experiments of that kind. Given that
Switzerland possesses a high proportion of these buildings, it would be natural
that it plays a ieading role in this domain. The work-has nevertheless begun
with the experiments on Limmatstrasse and in La Sallaz, but more could and
should be initiated. It would also be appropriate to do an experiment on a

. o3 ) 2 e
large new low energy consuming apartment building {less than 100 MI/m vear for

heating). That experiment would be, to our knowledge, the first in the world.

It is necessary to stress the importance of developing fundamental studies

on the physics of buildings. Ultimately at the bases of all issues there is the

comprehension of fundamental problems or. the necessity to integrate the results
of foreign research, and only high level research teams can maintain an adequate

level of knowledge.

The consumption of emergy for heating depends to a large extent on the rate
of air renewal. In a standard building that part corresponds to 20-30% of the
total. In a low erergy consumption building, however, when the level of insulation
is increasing, the fraction of energy used to reheat fresh zir increases rapidly
above 50%. In order to be able to continue to reduce the ensrgy consumption for
heating, it is thus necessary to devote particular attention to a range of

fundamental problems cencorning the rate or air renewal. It is necessary to be

able to determine with precision the air change rate in a piven building and
to normalize the instrumentation and methods so that comparisons can he made

betwsen different countries.

In the domains of renewal of air and quality of air, the following

tendencies can be identified:

- construction of buildings with reduced uncontroiled air infiltrations,

- mechanical ventilation with flow control as a function of needs and heat
TECOVETY,

- air quality monitoring;
- accounting for the mumber of occupants;

- improvement of ventilation for the elimination of pollutants and tobacco
smoke;
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- creation of zones reserved for smokers;
- development of new air cleaning apparatus;
- control and elimination of pollution sources;

- improvement of air distribution systems.

For our country the pricrity is the study of ventilation systems with

heat recovery for large apartment buildings {centralized or decentralized

systems (one heat recovery unit per apartment)).

Referring again to the building components it would be of interest to

develop a research on the insulating materials particularly adapted to Swiss

conditions.

Windows also represent an important subject of research. The problems

posed in constructing superinsulated windows are numerous:

- achieving selective surfaces of low emissivity:
. .. 4 wd ~
- maintaining a pood vacuum {<10 7 mm Hg) for a mmber of years,

- development of window frames having thermal characteristics comparable to
those of the window;

- costs of fabricatiom.

Heating systems should alsc be one of the research themes. Studizs on

efficiencies should be pursued as well as on optimal combinations of bivalent
or muitivalent systems with respect to energy and esconomics. The low energy

houses of the future will require very low power heating systems. Research is

hecessary in order to identify these very low power optimal systems. It is

noteworthy that the results of research on low epergy housing has had only a
minimal impact on the other aspects of the energy problems. Thus it appears
more and more that electrical resistance heating {as opposed to electric
heating by accumulation) adapts well to very low consumptions because of its
facility of regulation and its ability to quickiy attain a given temperature
these remarks are naturally only valid if this type of heating is subject
to construction standards more severe than those of today or, even better, to
consurption standards}. In comparison, according to numerous experts, district
heating does not appear to be profitable under these conditions, as is the case

with active solar systems (for space heating). This shows the necessity of

research on systems able to provide heat when the specific consumption attains

its optimal value.
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More explicitly the problemé can be stated as follows:

a) What is the optimum combination of substitution and emergy saving measures
which dinsure a maximum conservation of energy? For example: should one construct
solar houses, use heat pumps, or simply superinsulate the buildings and use

advanced o1l heating systems or electrical heating?

b} What is the "best" heating system for a building in a given region?
Should one use central heating or district heating? What forms of energy should
be chosen? What is the best combination when binary systems are required, i.e.,

selar/oil ., heatpump/electric...

¢) What is the "best" heating system for a room or an apartment in a given
building: i.e., central heating, by individual rooms, by radiators or convectors,
at low or high temperature, in the floor or in the ceiling, by heaters or with

hot air...

All of these problems are not well studied and there is a need for theore-
tical and experimental research. This complex of problems lends itself quite

naturally to the question of regional and urban integration of energy systems.
4 )

The consumption of energy will require a change in certain aspects of urbanism

such as the distribution and recovery of the heat from water, transporiation

and zoning. The following areas of research are particularly worth mentioning:

- ¢onsideration of energy needs and waste of different industries with respect
to thelr relative locations;

- consideration of the industrial waste energy for the other needs of the urban
community;

- integration of materials recycling within the urban orpanizational structure;

-~ study of optimel systems of heat distribution and recovery (reserve of low
temperature heat for heat pups, ideal sizing of district heating, etc);

- study of integrated electricity and heat, cogeneration systems in the urban
setting. (What is the ideal size of a cogeneration plant given the urban and
ecological constraints?);

- integration of renewable energies in the urban energy distribution network
(should solar, biogas, geothermal and heat pumps be connected into the
distribution system of neighborhoods, zones, cities? At what temperature?

A certain amount of research should be co-jointly undertaken by economists,

technicians and jurists on the subjects of heating cost accounting and building

codes. Note in this regard that the rsguirements of the existing Swiss standards
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are still rather modest relative to Swedish building codes which the specialists
are considering as excelient. The ideas contained in the American REPS, hased
on consumption standards, should be the subject of a thorough legal and techni-
cal assessment. From the perspective of heating cost accounting technique, the

development of systems of measure and control is required and this will probably

be done by private industry.

There remains to mention one last general theme of research concerning

the impact of the politics of energy conservation on the economic evolution of

the country and the security of supply. In particular the impact on employment,

growth, security with respect to international crises (a very important aspect
stressed by many Tecent high level studies (184, 185)), the political and social
stability etc. A new national research program partially addresses itsslf to
these questions and this is to be congratulated. To conclude, we quote & recent

report of the Commission of Furcpean Communities [183):
it

"It appears in effect ~ and this is our first major conciusion - that the
gravity of the risk taken by Europe due to the fact of its dependence with
regard to the exterior requires a vigorous and comprehensive policy of
rationalization in the use of energy. The lack of progress made in this

direction over the last five years mokes this recommendation even more Crucial.

However, the results of studiss on the technical possibilities of
decreasing energy consumptions indicate that the potential improvement is
considerable, evidenced by gains of 15% to .50% of consumption with the current
state-of-the-art. It is thus not in vain that one should expleoit this veritable

resource. This Is our second major conclusion.

The third conciusion concerns economic growth. Burope has an imperative
nesd that its growth should be sustained - at the progression rate on the order
of 4% per year - at least until 1990, in order to create sufficient eaployment
and adapt its industry to the new conditions of international commercial compe-
tition. But it is not possible to satisfy this requirement - toc assure & sane,
sufficient and continuous growth - unless at the same time, one truly finds

the means to minimize the consumption of energy’.
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APPENDIX !

PROGRAM OF THE INTERNATIONAL ENERGY AGENCY OF RESEARCH AND DEVEIOPMENT ON ENERGY
CONSERVATION IN BUILDINGS AND COMMUNITY SYSTEMS .

In its implementing agreement, the International Bnergy Agency defined the
series of projects {Anmeses) presented below with the description of their
constituent substasks.

PROJECT T (completed)

EVALUATION OF MBASUREMENT METHODS OF ENERGY NEEDS IN BUILDINGS

Objective . To provide for surveying, collecting and evaiuating analytical
methods used for predicting loads and enerpy consumption for

buildings.

Subtasks " I.1. Compile existing analytical methods;
I.2. Determine the consistency of results obtained by these
methods;
I.3. Exchange of results and access of the participants to

the DOE-IT computer programm of Berkeley.
Participants Belgium, Canada, England, Italy, Switzerlamd, USA.

Swiss contribution This preject has led to the installation and use of the
program DOE-IT at EMPA,




PROTECT 11 (completed)

METHCDS FOR THE ENERGY PLANNING QF COMMUNITY SYSTEMS

Switzerland did not participate in this project. Project VI is the
contimzation of Project 11.
PROJECT Ii1

EVALUATION OF ENERGY CONSERVATION MEASURES FOR THE HEATING OF RESIDENTIAL
BUILDINGS

Ohjective To solve the problem of generalizing experimental results
from different times and places on the national level, and
provide the participants with generalized Information on
the energy savings potential of different energy conservation
measures.

Subtasks TT1.A, Calculation methods to predict energy savings in

residential. buildings.
i} Calculation methods in general;
ii) Influence of occupants;

111) Recommendation of calculation methods;

ITI.B. Handbook of guiding principles concerning the design

of experiments, instrumentation and measuring techniques.

111.C. Evaluation of national case studies and generalization

t0 other countries.
Particigénts III.A. Denmark, Holland, Italy, Sweden, Switzerland, USA.
1I1.B. Belgium, Holland, Italy, Sweden, Switzerland, USA.

I111.C. Belgium, Dermark, Sweden, USA.

AlL3

Swiss contribution III.A. The instrumentation of an apartment building by the
ZPFL at Lausanne and a house at Maugwil (SG). The
measurements taken in these buildings could be
compared with the predictions of DOBE-II. This program,
as well as JAENV of the EMPA was used to analyse a
house at Vetlanda in Sweden and a fictitious building
"Telnikern'.

111.B. The writing by EPFL and EMPA of a chapter for the
handbook on the design of experiments, instrumentation

and measuring techniques.

Other activities ITI.A 13, Sweden is conducting 2 study on inhabitant

in progress or
proposed within

the framework of test-building.

behavior and will present a pilot-study based on a

Froject 111

Belgium, Demmark and Italy are preparing en inventory

of test houses and new measurements.

II1.B. Italy is collecting and compiling the participant

contributions to the handbook.

IIT.C. On the initiative of the USA, a seminar on the thermal
retrofit of windows was held at Delft in Holland on
the Oth and 10th of June 1980. An additional seminar
on the “epergy audit” and the “house doctor' concepts
for thermal retrofit was held from the 13th to the

15th of April 1981 at Hisinore in Demmark.

Demmark is preparing a contribution on the supplemerntary
insuiation of walls znd the USA is studying that of

Toofs.

‘Sweden is studying heat recovery in ventilation systems

and individual room temperature control equipment.

Switzerland plans to present some of its pilot-retrofits:
the improvement of ‘'Limmatstrasse" in Zurich, the

""Solar House" of Zug

g, and a selection of federally

owned buildings.

A substask III.D is in preparation. Its obiective will be to
study the overail themmal balance of windows.



PROJECT 1V

Al .4

GLASGOW COMMERCIAL BUILDING MONITORING PROJECT

Objective

Subtasks

Participants

Swiss contribution

PROJECT V

ESTABLISHMENT OF AN

To measure in detail the erergy inputs, flows and outputs,
and internal/external enviromment of z commercial office
building, and use this data to meke in depth comparisons
of the actual energy performance with that predicted by

load/energy computer programs.

CIV.1. Instrumentation;
2

IV.2. Data recording analysis,

Iv.

[¥2)

. Calculation of building performances;

IV.4. Preparation of building specifications and weather

tapes;
IV.5. Assistance to computer analysts;
IV.6. Dotumentaticn of results;
W.7. Pericdic meetings.

Belgium, Canada, England, Switzerland, USA.

The energy behavior of the building will be simulated
with DOE-I1 at EMPA and compared with the measured data

provided by the University of Glasgow to the participants.

AIR INFILTRATION CENTER (AIC)

Objective

To support institutions active in air infiltration researc
through the cellation analysis, evaluation, and dissemination
of experimental data and technical information, and to assist

in the coordination of national research activities in air

infiltration.

Project V

{continued)

Participants

Alr Infiltration
Handhook

Swiss contribution

Al.S

Canada, Demmark, England, Ttaly, Holland, Sweden,

Switzerland, USA.

The center will assist the Swedish participant in the
production of a handbock developing @ set of guiding
principles for reducing air infiltration in new and
existing residentials and commercial buildings and
including instrumentation and methods for infiltration

testing.

1} EMPA.is diffusing the information of the AIC.

PROJECT VI

ENERGY SYSTEMS AND

2} The writing of a chapter on the Swiss air renewal
standards for the air infiltration handbook.
3} The translation into German of English technical terms

for an air infiltration glossary {airgloss).

DESIGN OF COMMUNITIES

Cbjective

Participants

To establish planning procedurss and general analytical
methods for energy conservation in urban commmities.
FRG, Greece, Italy, USA,

Switzeriand is not participating in this project.
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PROJECT VII
LOCAL ENERGY PLANNING
Objective Te analyze the dependence of energy censervation projects

on local governments for their implementationm.
Subtasks VII.1. Consumer preferences and needs;
. VII.Z. Building codes and loan grant programs;

VII.3. Role of local govermments and local planning in
meeting short term and long term -energy problems;

Vii.4, Economic envirommental, technical and institutional
issues associated with the development and operation
of energy supply systems for different energy supply
scenarios;

VI1.5. The energy saving potential in the use of under-

ground space.

Participants FRG, Sweden, USA.
Switzerland announced that it would not participate in this

project.

PROJECT VIII

INFABITANT BEHAVIOR WITH REGARD TO VENTILATION

Obiectives See the substasks.
Subtasks VIII.1l. Te determine the actual behavior of inhabitants

regarding ventilation and to correlate it to out-
door and indoor climate;

VII1.2. To estimate the ammmt of energy that is lest due
to this behavior;

VIII.3. To study the corresponding motivations;

Project VITI

{continued)
VIIT.4. To study whether such behavior can be modified

by educational programs and to estimate the

amount of energy saving which might Tesult therefore.
Interested Belgium, FRG, Holland, Switzerland
Countries
Preliminary - In 1981 Switzeriand will begin a pilot-study in order to
Swiss .- i
CoREribution verify the "feasibility" of such a project.

MINIMM VENTILATION RATES

Objective To collect experimental dats and establish obijective
criteria with regard to standards on the minimum ventilation
rate in bulldings.

Participants - Belgium, Camada, England, FRG, Holland, Italy, Switzerland,
USA.

Swiss _ At present the EPFL is conducting a bibliographical re-

contribution

search in order to define the state-of-the-art and research

needs in this area.
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PROJECT X {proposed}

SIMULATION OF SYSTEMS

Chjectives X.1. Improve methods of building systems simulation;

L=

. Provide some reference examples of global analysis

in residential and communial buildings;

X.3. Provide realistic assumptions on lighting scenarios,
occupancy behavior, office material use, i.e., on
interhal loads, which can have an impact on the
system simulation;

X.4. To establish some standardized description of all

the building equipment, i.e., its lighting devices,

appliances, and its hot water and space H.V.A.C.
equipment inciuding all of the "auxiliaries” (fans,

plaps, etc).

Interested Belgium.
countries

KHAREFRRTE
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APPE I

ELEMENTS QF THE 'THERMAL BEHAVIOR OF BUILDINGS

This appendix describes two simplified models which allow for the calculation
of the approximate energy comsumption of buildings. The presentation of these
two models provide the epportunity to introduce and define the most essential of
the technical concepts thdt are used in the present report. Also inciuded are
seme considerations on engrgy indices of buildings and the seasonal efficiency
of oil heating plants.

1} Transmission and air renewal losses

The two principzl sources of a bullding's energy loss are the transmission
of heat through the walls, windows, doors,which constitute the boundaries of the
building envelope, and air renewall losses determined by uncontrolled infiltrations
and the ventilation system. These losses can be characterized by the two average
parameters k and n. The annual energy consumption can be expressed in first

approximation as a function of these variables in the following mamner (7}:

Q = 0.0864 (K = V& 0.34) n% (- (1
Q : The total annual end use energy supplied to the heating plant [MI/y] ;
A ¢ The outside surface area of the heated building shell [n’] 4

5

heated volume of the building im™]

[4:]
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: The average heat transmission coefficient {per unit surface area and

2
unit temperature difference) of the building shell elements [W/m"K]

- 1 _
= - L kg = I A;
k it kl A=1F 1

. . - o~ - .3
The air change rate expressed as the “mmber of air changes per hour

il

: The rumber of degree-days, meaning the sum of the positive differences

T, . ~7 . between the average inside and outside temperatures for the
int ex i
duration of the given heating season. In Switzerland the number of

7 O - . N .
degree days 1s calculated for Tint = 207C and the heating season 1s
0
tefi I <« 12°C ¢
defined by Texr <4
p= 5 (20-7,, )
jours <12° lso

The Swiss average, weighted by the building stock volume is 3654

degree~days per year;

. The overall seasonal efficiency of the heating system. For a standard

oil-fired central heating plant the averape value of n is on the order

of 0.5 to 0.6;

: The correction term which agpregates the supplementary energy gains

contributed by the sun, people, electrical appliances, etc.

Pividing [1] by the building's heated surface area yields its energy index:

-
3
5

LV
ko= )

A
f=;}

(3]
ok

. R _ 1
J=0.0804 h (£k+0.3n)D 5 1 -1 {

: .
Energy index [MI/m"v];

- e as 2.
The heated floor surface area of the building im™1;

The average ceiling height of the heated volume {mi;

The building form factor [m*lﬁ.

AlL.3

The form factor of various structures ranges between 0.8 for small houses and
0.4 for large buildings. This parameter piays an essential role in the determi-
nation of the maximum average admissible coefficiept k according to the regula-

tions of the Swiss Society of Engineers and Architechts (323,

In a study conducted by BMPA for the Federal Office of Envirormental
Protection {7}, the parameter 1 has been theoretically evaluated for a series
of typical buildings constructed alons the lines of traditional architecture
and with different degrees of insulation. A good correlatien between this para-

meter and the product f£-% has been noted.

With the help of the above formulas, it is easy to calculate the spproximate
energy index of both a small house and a large building comstructed in accordance

with current regulations:

! !
House Large apartiment building |
f 0.8 0.4
k 0.6 0.75
’ 2
J 800 MI/m’ 580 MI/m’ !
i

The following parameters were used for this calculation:

h=2.6

, n= 0.5

s = 0.5, rom 0,25, D= 3654,

2}y Building energy balance

For the comprehensive study of building energy behavier, it is possible
to construct particularly simple models. Such models are useful to compare the
performances of different buildings, with respect to their respective energy
corsumption, te calculate the variation of their consumption from one vear to
another, or to quantify the gains due to a thermal retyofit. On the other hand,
such models cannot be used to calculate and optimize with the necessary presi-
sion the construction of new buildings and especially those that are complex

(with ventilation, climate control systems, etc).

In a2 building where the inside temperature is kept constant by a thermostat,

the energy balance can be written in the following form (174):

nG={B+N+H-I) - (BE+P+F . ¢

L]
Lol
[}
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This relationship is exact under stationary conditions and expresses the
quantity of energy Q supplied to the héating system (during & given heating
period) as the difference between the building losses (towards the ground,
the neighboring buildings and the atmosphere) and the supplementary gains

(contributions from electrical home appliances, people and the sun):

Q : The total end use energy supplied to the heating system during

the given heating period [MIi/yl;

n : The total efficiency of the heating system. This parameter
arcounts not only for the efficacy of the plant itself, but alse
for the different recovery and loss factors characteristic of the

particular structure;

34 : The energy loss to the ground, assumed constant;

N : The energy loss (constant in principle) to adjacent structures
when the given dwelling has common bondaries with other dwellings.
in the case of an apartment situated in the middie of a building
this parameter can be more important than B, and may even consti-

tute z gain;

HeDooo The energy loss to the atmosphere by thermal conduction (through
" the walls, the windows, etc) and by air exchanges due to infiltra-
tions and ventilation. This loss is expressed by the product of a
constant H (measured in Joules/"K day), a building characteristic,
énd the mmber of "degree-days" corresponding to the given heating
period;
E : The energy contribution of electric household appliances, lighting,

and other service applisnces used in the building;

P : The metabolic energy contribution of the inhabitants {(about

100 W per personi;

F-9 7 The energy contribution of the sun, mainly through the south facing
windows. Since ¢ is the total solar energy flux {expressed in J/mzj
during the heating period, F represents an area characteristic of
the building equivalent to an ideal glazed surface which captures

the total solar energy which is stored passively by the building.

The determination of the characteristic thermal parameters of a building
n, B, F and H {for example by measurement of the analysis of heat and
electricity bills) allows for the calculation af the building's energy
consumption Q as z fumction of the metecrological variahies (the number of
degree-days D and the total solar flux ¢) and the additional occunancy
factors described by N, E and P.

3) Enmergy index and energy signature of bujildings

The energy index is the annual energy consumption per wnit of heated
floor area and is usuvally expressed in Ml/miy. This index is in fact a
measure of the average dissipated power and can thus be expressed in Wsz.
Therefore:

1000 MI/m'y = 31.71 W

2
Expressed in W/m~ the energy consumption index can be directly compared

to the installed power of the heating plant per mz.

The major inconvenience of the energy consumpticn index is that it

mixes the building's thermal characteristics with the ensrgy consumption

behavior patterns of the inhabitants, such as the prenaration of warm water,
the inside temperature etc, A more refined concent which allows for a more
precise detemnination of the building thermal characteristics, and which is

independent of climate is that of the energy signature.

A bullding's energy signature is the rate of change of its energy

consumption with respect to cutside temperature per unit of heated volume (182):

N '
o= -5 (4]
. ext
From [11 and [3], ¢ is, to a good approximation, a linear functicn in
Text and the following proportionalities are thus valid:

snG=HE 40,340 151

Vv
o~ H/n [61
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The total energy index calculated as a function of climate for different

types of inhabited buildings ' _ Tf\e annual oil consumption calculated as a function of inside temgsratﬁre
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The weekly oil consumption for an apartment building megsurgd as a
function of average outside temperature, and the detemminatlon
its energy signature
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A simple method for determining the energy signature of a building is to
record its weekly energy consumption and then plot it as z function of the
average weskly outside temperature, s is shown in Figure VI. It is useful
to express the signature in units of air changes per hour (46) because this
allews, at least in principle, a divect comparison with the hourly air change
rate. For this purpose ¢ is divided by the heat capacity of air,

- 4 W/l
Coyp = 0-34 Wh/m'K:

—
13
Le]
T
o~
73
[

In the case of the building of Figure IV, the energy signature is

oy
s Sy ; R . -
1.12 WK, the equivalent of 3.3 air changes per hour {46).

43 Overall efficiency of heating systems

The overall efficiency of a heating system depends upon a large mumber
of parameters which ars not always easy to measure, and the definitions of
these parameters differ considerably ameng the various authors. A symposium
on this subject will cccur in september 1981 at Delft in Holland (173) and
the organizers are proposing the use of the following definitions in order to

facilitate comparisons between the vesults which will be presented.

Let Q represent the net energy that Is used to meintzin a given heated
room al a constant temperature. The overall efficiency can be resolved into
4 or 5 factors which each correspond to a different type of energy loss.
Therefore:

no= 9 =M, My, N .n {F 81
ATBCDE bes

3 D o S >
Rt byt P Pp s Py v by

Going from the heated room to the boiler via the distribution system,

one has the following losses:

P, ¢ Losses at the emission by the radiators;

Pa Control system losses (the heat is not always delivered at the
right moment);

?D bistribution system losses (the heat is not always delivered at the

right places);
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P, FHeating plant losses due to boiler inefficiencies;
PA . Auxiliary losses (electricity consumed by pumps, ventilators, the

burmer, controls, etcl.

The partial efficiencies are written as:

ne © /@ P B [0y
Ne Q+ PE)/(Q + P o+ PC) 1101
ny b QP e PR P P By, i

¥ " ?
i Q@+ P+ Fpo* P)/(Q s P # Iev By v ) (2]
M (Q+ By * Pe® Py # PRY/(Q+ Py + B Pt Pyps POTA

In gas or oil fired central heating plants, the auxillary losses are

often combined with these of the boiler in the following manner:

- - 14
i S Tag T 0y T (341

It is interesting to note that the resolution of the total efficiency
into 4 or 5 factors is generally possible for heating systems regardiess of

whether the burner is in a house or at a centrel plant.

5) Seascnal efficiency of a boiler

When the annual energy constmption of a building is calctlated using
formula [13, the overall seascnal efficiency n is compesed of the product [8%
of the average seasonal values of the partial efficlencies. In the case of
central heating, the most important cne is the boiler seascmal efficience np.

This efficiency depends upon the sizing of the boiler which is expressed

AII.11

by the lead factor o of the plant. The load factor is defined as:

o= tb/to [157

where T, The time duration in which the boiler is maintained at
constant temperature, 1.e. the heating season duration;

ty, The total time that the burner actually functions.

In practice, the correct power sizing of the boiler with respect to
the heat consumption of the building corresponds to a load factor of
o= 0.3 to 8.4,

The boiler vemperature, in generzl, is maintained at constant value
even when the water circulation pump is stopped. The time Gy, can be

resoived into twe periods:

1. = . + f1
b tu tp f161
tﬁ ¢ the time in which the burner furnished heat to ths heating systems
(the useful working hours),
t, ot the time in which the burner functioned to maintain the boiler

at constant temperature without supplying useful heat to the system.

Thus, the so-calied stop-factor due to the maintenance of constant temperature
is:
= {t t -t 7
q={ o / o u) F171

where t,ot, is pothing but the time in which the boiler has not supplied
useful heat to the system. This stop-loss factor is a constant that is characte-
ristic of the boiler and which is determined by measuring the fraction of the

time when the bumer should function to maintain the boiler temperature constant

when the water circulation is stopped.

The boiler seasonal efficiency can then be written as the product of two
terms:

g T T [187
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where n : The actual beiler efficiency at full charge;
n : The boiler use efficiency that takes account of the intermittent

x
functioning of the boiler.

According to our definitions:
n =t/ T (191

which can also be expressed in terms of the load factor and the stop factor:

- = S 4. [20]
- o {l-q
Example: Consider a boiler such that n_ = .85 and a = 0.03, If the duration

of the heating period is 240 days and the duration of the full load period is
1500 hours, the ioad factor is oo = 1500/5760 = .26, which according to [20]
and [18] yields a seesonal efficiency n, = 0.78.

Now suppose that a thermal retrefit has been made which has reduced the
heat losses of the building by 50%. If the heating system and the boiler are
not modified the icad factor decreases accordingly to o' = 0.13 and the seasonal
efficiency becomes worse: né = 0.67.

Thus, if the heatinglsystem i1s not modified at the same time that the
thermal insulation is improved, the energy savings will be less than they

could be. In this example, 43% instead of 50%.

xRk kA Rk wdhEH
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AP 111

ELEMENTARY ECONOMIC ASPECTS OF ENERGY CONSERVATICN

This sppendix presents some of the slemerts of the economics of energy
conservation in the case where accrued debts are repayed in constant enmuities.
This restriction is not essential for our objectives {the comparison of the
economic attraction of different conservation measures and the eptimization
of a set of measures), but helps to simplify the calculations. The methods
described below are evidentiy applicable to buildings, or sections of build-

ings; cars or household appliances, etc.

1) Amnual cost function

Consider an gbject whose acquisition corresponds teo an initial investment
of IfFrl, requires an amual maintenance cost of M{Fr/y] and has sn annual
energy consumption of QIMJ/y]. Let it now be the case that one decides to
procesd with a techmical improvement on the object in order to reduce “ts
energy consumption. This conservation measure necessitates z supplementary
investment Al which will eventually increase the annual Tunining and maintenance
costs to AM but decrease the annual energy consumption by AQ. Applying the
above condition that the'acquired energy debt is to be paid in constant
annuities implies that the total annual interest and amortization remains

constant and each year the bank is payed a fixed sum:

annuity = AL/D{n,r)

The discount factor D{n,r) depends on the intersst rate 1 and the duration of

the oan niy] in the following manner:

Fes

n

-%

Di{n,r} = {1+13} =

[y

i1l
|t
.
i
)
Fam)
il
"
)
o
.
3
-
b
N

1

r+

{for very small r, D is very nearly equal to n, the number of vears corresponding
to the duration of the loan).



Given this notation, the anmual cost function correspending to the conservation

measure appears in the following form:

el
bt

£, = al/D(n,1) + M - ¢ aQ

In this relation we introduced the price of energy ciFr/MJ! and the product

¢ AQ represgnts the virtual financial gain realized by the comservation measure.
.To all appearances, the conservation measure is economically attrgctive if the

cost function is negative. This means that the energy saving actua}ly corresponds

to a decrease in annual expenses. The thresheld of economic attractlveness is

when fa = 0, and in this case:

AL/D{n,T) + &M = ¢ AD 13

2) indicators and criteria of economic attractiveness

The threshold of profitability [3] depends on three parameters that can
be qualified as "technical’ : AL, MM and AQ; and on three "economic” parameters:
n, r and c. In the threshold calculation if two of the economic parameters are
given, the third can thus be found. In this way three indicators and three
o

criteria of economic attractiveness can be defined.

¢, = (81/D + 8M}/aQ = &1/n a4 [4]

¢ is the eguivalent cost of the conserved energy. In order for the conservation
a

measure to be profitable, one should have:

@

_____________ )

This indicator is the minimus numher of years necessary for the sum
of money corresponding to the energy saved to equal the capital invested.
This minimsm is obtained at the threshold of profitability and thus solving

equation [31 for n:
noo= -dog(i - v AF/{c AQ - &) /Tog(l v 1) i6]
To a first approximation

. = a1/{c &G -

=1
[o—"

In order for the conservation measure to be attractive one should have

= om [81

and n cannot be chosen greater than the physical life~time of the given object

or the duration of the loan as determined by the banks.

This indicator corresponds to the interest rate on an investment which
would yield a financial return equal to the nett annual savings due to the
conservaticn measure, or ¢ AQ - AM. This rate is obtained by solving equation

£31 for r, but unfermmately this cammot be done enatytically. It is nonetheless

‘possible to make the calculation with the help of tables or a programmable

pocket calculator, and to a first approximation the following formula can be
used:
vo T e 6Q - wh/el - a1/ e 6Q - o) 8]

In order that the conservation measure is economically attractive, the condition

is

However, for the investment to be attractive to a potential invester, it is
necessary that Ty be greater than a reasonahle interest rate, such as that

used for the repayment of bank loans:

-
v
4

i £a
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3} Minimization of total annual cost

The total annual cost méthod is an optimization method which consists

of minimizing the sum of the annual energy related investment, operation and
maintenance costs: '

F=1/D(ne) +M+cQ [10]

This method is best applied to simple cases where the time variation of

energy costs and the other economic parameters can be ignored.

4} Minimization of life cvcle cost

The minimm life cycle rost method allows for the optimization of all
spending related te the costs of owning and operating product. The 1life cycle
cost is calculated by adding to the initial purchase price the sum of all the
utiiization costs that accrue to the item during the course of its economic
iife, In order for this concept o make sense it is necessary to take into
account that these utilization costs are being distributed throughout the
life of the product. Thus the expenses must be “discounted”, wmeaning that one
calculates for each expense paid t vears after an initial payment, its present
worth value at the time t = D corresponding to the injtial payment. Thus, for

an expenditure D, in the year t, its present worth value will be :

t

P = DG(lﬂ‘)t ou Dy = ;}T(m)“" (111

In effect, D_ is the amount that could have been ''hanked" at an interest rate

T at time t = O in order to have an amount D in the year t.

The simplest case is that of a product with an initial cost I and with

a use that corresponds to an annual fixed cost M. Its life cycle cost is thus:
t=n

Lc =1+ & ML)t (12}
_ R
Using the definition of the discount factor [11, one cbtains
LCC = T + M - D{n,r) [13}

and used in this context D{(n,r) is called the “'present worth factor".

In in addition, the use of that product corresponds to an annual energy
expense (), the rate of energy price increase must also be included in the
calculation. Supposing that the increase of the energy cost c is of per year

A 7

the present worth value of the energy expense for the year t will be:
_ t . -t
Et = c{l+e) " Qfl+r) [14}

The correspending term of the life cycle cost can be written in the same

form as [11; thus: "

i1

0= h

E . =¢ Cd I-c
1] T el 0 [15]

Therefore, for a product use with a fixed cost and a VATYINg energy cost
o L oy - 3
the life cycle costs appears as follows:
C=T+¥ . D,y +c - e
tnr) + ¢ - Q. bin, Y [16]
Until now we have consideved only one product. In the general case, a

building for example, the total life cycle cost will be the sum of terms

corresponding to each of the components:

£0 = £ LeC. (1 7
10 : GO (Lgs My Qs €y, ey, 1y, 1) 1173

Ii * the initial capizel investment for the ith component ;

Moo the corresponding fixed anmual use costs;

Qi * the corresponding annual energy consumption;

S the corresponding actual energy price (oil, electricity...);
e; : the energy price increase rate;

o, the duration of the economic life-time of the compenent ;
ool the discount rate.

For each ¢f an item's components the parameters will be generally
different. By choosing appropriate values for e and r, both inflation and the
real increase in the price of energy can be taken into account. The total
life cycle-cost can thus include all these'parameters and its minimm will

correspond to the maximam economic profitability.
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In order to illustrate a life cycle-cost calculation and its use to BIBLIOGRAPHY
optimize a conservation measure, take as an example the determination of the

optimm thickness of an insulation. Let I and @, represent the cost and

energy loss by transmission corresponding to an initial thickness 11. For Conferences
hi e .one will have : L.
a thickness I, .on A large number of recent studies to which we refer have been presented
I =1; 171, in the conferences listed below and for which we provice an abbreviation to
be repeated in the reference list.
Q0= 1,/
The life cycle cost will be: B ¢ Efficient Use of Tnerey {the APS Studies on the Techni-
cal Aspects of the More Efficient Use of Energy)
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o Ic : Indoor Climate, Proceedings of the First Internztional
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The minimm of this function is obtained simply by Liation of 1ts deriva Indoor C1 Sy penhagen, August 30
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tive, which vields: . ) L ) .
ECBE :  Energy Conservation in the Built Envivommenst. Proceedings
of the Second International CIB Svmposium on Enevgy
oy Conservation in the Built Enviromment, May 28 - June 1,
1 =1, YcQ /I Bn ELE) : 1978, Copenhagen, Denmark. Danish Building Research
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Institute. & volumes.

CEUF  : - Changing Energy Use Futures. Procsedings of the Second
Internationai Conference on Energy Use Mamagement,
Cctober 22-20, 1879, Los Angeles, California.
Pergamon Press. New York/Paris 1979. 4 volumes.
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BRWW @ Building Research World Wide. Proceedings of the Lighth

CIB Triemmial Congress, Jime 1980, Oslo, Norway. Norveglan
Building Research Institute. 3 volumes.

WEH ¢ Wdmmschutz-Forschung im Hochbau. Schweizerisches Status-
semnar, 24 October 1980 EMPA, Abteilung Bauphysik,
8660 Ditbendorf.

BENB :  Eccnomies d'Energie et Fnersies Nouvelles dans le Bitiment.
Expériences et Résultats. S¥minaire: FOImALion UBiversi-
taire Continue des Ingénisurs et des Architectes, Gendve,
31 octobre 1980.

RKECT :  Mew Energy Conservation Techmologies and their commer-
cialisation, International Energy Agency, Beriir 6-10
April 1981.
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Addresses of the main Tesearch groups and organizations quoted

The 1ist below gives in alphabetical order the addresses of the Swiss

research groups as well as the main organizations quoted in this study.

1n the list of references vwhich follows, the circled mmbers refer to

this address list.

AIC - pdr Infiltration Center
01d Bracknell Lane

Bracknell, Berks,

RG12 4 MM

England

AIE ~ Agence Internationale de 1'Energie
2, rue André-Pascal )
F 75775 Paris Cédex 10 T8l. 524'82'00

Pour la Suisse, p.a. OFEN, 3003 Berne

AML S.A.
12, chemin du Saldve

1004 Lausanme Tel. 021/24*53'06

ATAL - Amt fiir technische Anlagen und Lufthygiene
8090 Zurich Té1. 01/250'29'85

BASLER & JOFLMANN

Ingenieure und Planer AG

Forchstr, 395

8028 Zurich T&1. 01/55'11'22

©)

BBS - Balzari Blaser Schudel

Ingenieurs et planificateurs

Krambungstrasse 14 ]

3006 Berne Tél. 031/44%69'11

Comtission Cantonale en Matifre d'Energie
Département de 1'Economie Publique

14, rue de 1'HBteli-de-Ville

1211 Genéve 3

CUEPE - Centre Universitaire d'Btude des Problémes de
1'Energie ;

5, tue Saint-Ours :

1205 Genéve 022/20°93'33

EDMZ - Eidgendssische Drucksachen und Material zentrale
3000 Berne

EIR - Bidg. Imstitut filr Reaktor forschung
Abt. Wirmstechnik
5303 Warenlingen

IMPA - Eidgemfssische Materialpriifungs- und Versuchsanstalt
fir Industrie, Bauwesen und Gewerbse.

Laboratoire f8déral dlessai des matérigux et Institut de
recherche industrielle, Génie civil, Arts et Mdtiers
Uberlandstrasse 129

8600 Dubendorf Tél. 01/823'55'11

EMPA
8000 5t-Galien

EPFL ~ Ecole Polytechnique Fédérale Lausanne

Institut de Themmique Applique (ITA}
1015 Lausanne T&L. 021/43735°06

Laboratoire des Mat@riaux Pierreux
32, chemin de Bellerive

1007 Lausanne G21/47128%24



®

®

18

® ®

b7
=
e
S

§

B.4

Laboratcire de physique théorique
1024 Lausanne Tél. 021747734351

Groupe de Recherche en Energie Solaire
14, avenue de 1'Eglise Anglaise
1006 Lausanne TéL. 021/47'34732

Institut de Recherches sur 1'Emvironnement Censtruit (IRECH
1015 Lausanne TEl. (21747132796

Institut de Thennodynamique

1015 Lausanne TEL. 021/47735'07

institut de Production de 1'Energie {IPEN)
1015 Lausanne TELl. 021/47'26'00

Fcole Peolytechnique Fédérale Zurich

® ® G

22

®

® ®

Tnstitit fiir Flugzeugstatik und Leichtbau
8097 Zurich Téi. 01/256726'7

Institilt f{ir Themmodynamik, und Verbrennungsmotoren
8097 Zurich TEL. OL/256'24782

Laboratorium fiir Festkdrperphysik
8093 Zurich - TEl. 01/377123'46

Institiit fiir Apparatebau und [lectrotechnik
PES D 12

8005 Zurich TEL. 01/47196'20

Institiit fir Mess- und Regeltechnik
8092 Zurich

Institiic fiir Hygiene und Arbeitsphysiologie
8092 Zurich

34

®

35

B.5

FEA ~ Fachverband Elektroapparate (Association Suisse des
Fabricants et Fournisseurs d'Appareils €lectro-domestigues)
Bahnhofquai 11

8001 Zurich Téi. 01/211'79'19

ENRS - Fonds National Suisse de la Recherche Sciemtifigue
3000 BERNE

Gesundheitsinspektorat der Stadt Zirich
Walchestrasse 33
8035 Zurich

GIPRI - Geneva Intcrpational Peace Research Institute
41, rue de Zurich

1202 Genéve Tél. 021/32'14'38

IBE -~ Institiit Rau + Eneygic
Hoheweg 17
3006 Berne Té1. 031/44'57'58

INFRAS - Infrastruktur- und Entwickiungsplommg
Dreikdnigstrasse 51
8002 Zurich

MOTOR COLOMBUS
Parkstrasse 27
5401 Baden

NEFF --Nationaler Energie-Forschungs-Fonds
Bimleingasse 22 :
4051 Basel

QFEN ~ Office Fédéral de 1'Energie
3003 Berne : T€L. 031/61'56711

Office Fédéral du Logement
Postfach 38
3000 Berne 15



® ®

38

®

® ©

® ® ®

B.o

PLENAR - Plamumng-Energie-Architektur
Fortunagasse 20

8001 Zurich Tél. 017211743113
PLENAR

Im Hubdcker 7

8967 Widen Tél. 057/5'51'22

Priif- und Forschungsinstitut

Schweiz. Ziegelindustrie

Postfach

6210 Sursec Teél. 04572173785

SAGES - Schweizerische Aktion Gemeinsinn £ir Energicsparen
(Mouvemont sulsse pour les économies d'énergie)
Ra#mistrasse 5

8601 Zurich TEL, 01/251'02°760

Service d'information économies d'énergie CH
Héheweg 17
3006 Berne T&1l. 031/44157'58

Service du Chauffage
Ville de Gen@ve
1211 Gengve 3 Tér, 022/z0'22'11

SIA - Société Suisse des Ingénieurs et des Architectes
Postfach
80389 Zurich T&l. 01720171570

Stiftung Sonnenergiehaus Zug
Schénbiihi 6
6300 Zug TEL. 042/21'26'88

Suiselectra
Malzgasse 32
4010 Basel

UCS - Union des Centrales Suisses d'Electricité

Bahnhofplatz 3
8023 Zurich

Université de Gendve
Groupe €nergie sclairs
24, qual Ermest Ansermet
1Z11 Genéve 4

. D2/

=
o
=
28]
ol

HREhRAFREERE K

'G3155



&
@

B.8

References

(1) =

(2)

(3 :

(6) :

o :

8) @

(10} :

BRUNNER €., Energle-Sparen in Gebfiuden, Stand, Licken
une Prioritdten des Forschung, Eidg. Drucksachen- und
Materialzentrale, EDMZ, 3000 Bern, 1578,

VON ALLMEN B., Vorstellung des Rechnenprogramms DOE-Z.
in WEH, p. 25%.

VON ALLMEN B., EBErste Erfahrungen mit dem Rechenprogramm
DOE-2, IAVPA No 41643, Juni 1980.

FRANK T. et al., Rechnenprograrme zur Ermittlung des
Gebaeudeenergiebedarf, Schw. Bldtter fiir Heizupg und
Liftung, Nr. 3, 1881.

CONSTANT Ph., Calculation of alr conditioning loads in an
office building by the LPB-1 program. Comparison with the
results of other cowputer programs. Université de LiBge,
Belgiwm, 30 November 1979,

HASTINGSR., Compunication privée, EMPA, Dithendorf.

IEA Confidential Report: Evaluation of Energy Conscrvation

Measures for Heating of Residential Buildings. October 1986.

JUMSS0N B., The solar energy house in Vetlanda - a passive
system. In ECBE, vol. 5, p. 55.

GASS J., Helzenergieverbrauch von Wohnbauten, theorstische
Untersuchunpen anhand von Madelrechmmgen, EMPA No 39200,
Ditbendorf, Februar 1980.

HADORM J. et al., Simulation d'une maison solaire avec
le programme TRNSYS, Ecole Polytechnique Fédérale de
Lausanne. Groupe de recherche en énergie solaire.
2&me symposium, Ecublens, 20 octobre 1880.

LANZ J., SCHOPFER A., et al. Projekt igiou In WTH, p. 155,

ECBE, vol. 4, diverses contributions,

(123 :

(13)

{143

bk
o
—
[
Y
[

@ (16) -
@ an
{1gy ¢
(19) :

@ (20) :

© SONDEREGGER R. et al., Energy Audits of Existing

Residential Buildings in Situ With a Microprocessor,
Lawrence Berkeley Laboratory, Contract No W-7405~
Eng-48, Circa, June 1980,

GDLDST§1§ D. et al., Design Calculations for Passive
Solar Buildings by a Programmable Hand Calculstor.
Lawrence Berkeley Lab. LBL-9371. August 1979,

ﬁODGIL A., On Convective Heat Transfer inm Building
Energy Analysis, Lawrence Berkeley Lah, LBL-10000,
May 1980,

Some Analytic Models of Passive Solar Ruilding
Performance. A theoretical approach to the design of
energy conserving buiidings. Lawrence Berkeley Lab.
LBL-7811, November 1978.

t FAIST A, et al. Immeuble Instrumentd 'La Chaumigre”,

In WEH, p. 203.
HARTMANN P., HeizungKlima, Ne 5, 1980, p. 6L,

el

GASS J., Messtechnische Ueberpriifung der Sanierung der
"Wohnkelonie Limmatstrasse”. In WIH p. 109

[knmdiivilel = W —

BRUNNER C.U., HeizumgKlima, no 5, 1980, p. 56.

STUBY F., Presentation de cas concernant 1'6nerpie solaire:
marson solaire avec utilisation de 1'énergie passive.
Architecte DESA, Begnins. In EENE.

MILLER ?- et al., Performances d'une villa chauffée 3
1'énergie solaire, Paverns. In EENE.

STEBLER A., Sonnenenergiehaus Zug. In WFH, p. 187.



N ]
wn

®

(21) WENCER B., GYGAX P., Air Infiltration Handbook, Swiss (30 QLESEN B., THORSHAUGE J., Bifferences in Comfort Sensations
Contributicn, Institut bau + energie, 3006 Bern, in Spaces Heated by Different Methods: Danish Experiments.
Dez. 1980. ' In IC, p. 645.
HARTMANN P., Luftwechsel messung in mehr-klimatisierten
Réumen, [BPA Bericht no. 36630. (31) : LEBRUN J., Differences in comfort sensations in spaces
== . heated in different ways. Belgian expsriments. In ic,
BAIMCGARTNER et al., Litftungswirme verluste: wile sind su p. 0Z7. . -
messtechnisch erfassbar?, Schw. Bldtter fir Heizung und
Liftung, nr. 2. 1981. : ]
(32) Société suissc des ingénieurs et des architectes; case
) ] o o postale, 8038 Zurich,
{22y : HOLLOWEL D.D. et al, Indoor Alr Quality in Energy-BEfficient
Puildings, ECBE, vol. 1, p. 217.
(33} SZABO P., k-Wert Messungen zm Bau. In KHi, p. 87.
BERK J.V., The impact of reduced ventilation on indoor
quality in residential buildings, LBL-10527, March 1980, (::) KERN H., Institut flir Apparatebau und Elektrotechnik, ETHZ.
(233 : WANNER M., Taux minimum d'z8ration dans les habitations 33} (343 Projet NEFR no 119 "Révision 380",
et les ateliers. Ingénicurs st Architectes Sujsses, i
31 Juillet 1980. ' ' _
£35) RUBINSTEIN M., Development of the French regulations for
) . ) energy conservation in buildings. In ECBE, wol. 2. p, 327.
(24} + ROSEME G et al., Alr-to-air heat exchangers: saving —
energy and improving indoor air quality, in CEUF, 3, p. 1220,
' (::) {36) + MAMCH 5., Steverungsinstrumente und ihre Wirlumgen auf Infra-
(25) : LIDDAMENT M., A survey of current research into air §truktu§£Ngﬁi‘?nﬁwxrkluﬂgsplpnnng: Unwelt und Wirtschafts-
hs : AV L v A v T T T azr ; 51 oikBniogt % 2 Tiiri Dyt by d
infiltration in buildings. Alv Infiltration Centre, tragen 7) Drelidnigstr. 51, 8002 Zirich. October 1980.
Technical Note AIC-TN-Z-80, October 1980.
g}rklpflitréglogcggnzﬁ, 01d Bracknel Lane, Bracknell, @ (37) © BALZART BLASER SCHUDEL, Ingénieurs et planificateurs, et
ershire, LS, kG . al., Directive concernant le modéle d'ordomnance pour des
prescriptions cantonales sur 1'isclation thermique,
(26) : KUNZEL, H. Reprisentativumfrage lber die Heiz- und Cffice fédéral de 1'énergie, Berne, Juillet 1980,
Liftungverhditnisse  in Wohnungen, Institute fr
Bauphysik, Holzkirchen.
(38) : Nommes de constructions américaines (BEPS}. US Department
{27y : HARTMANN P., Rationelle Energieverwendung in Gebduden of Energy, Office of Conservation and Selar Bnergy, 1978,
- . - &l
und Siedlungen, Schweizer Ingemieur und Archikekt, 26/79, Energy Performance Standards for New Buildings: Proposed
p. 506 Rulemaking and Public Hearings. Federal Register, Vol. 44,
no z30 (Wednesday, Nov. 28, 1979). TOCFR Part 435,
o . 68120-68181.
{28) : FANGER P., Séminaire du CUEPE, 30 octobre 1980. 35
. g ) (39) : CARIER L., Energy Standards for Buildings Face Delay
(29) : FANGER P., Human Comfort and BEnergy Consumption in k Science, 209, 15 August 1989, p. 784. 8

B.1G

Residential Puildings. In EUM, vol. I. p. 427,



®

®
Ia

(40

(41} :

(42} :

(¢5)

(46) :

(47) :

{48)

{49} :

ROSENFELD A., et al. Building Energy Use Compilation and
Apalysis. An International comparison and critical review.
part A. LEL-891Z, October 1979.

ANGELINI T., Wohnungsbedarf wund Wohmmgsproduktion
1976-1990, St Gallen 1876,

BRUMNER C., Ausléiser wnd Nebemwirkungen belim Enevgiesparen.

in W, p. 47.

SR 0., Energie-Einsparung in bestehenden Gebfiuden,
In WEH, P. 245,

Amélicration thermique des bftiments: Manuel - Htudes et
Projets, mai 1980. EDMZ, No 724500 f.

Manuel d'amfiioration du compertement Energélique des
bAtiments existants, Office des constructions fédérales,
Beyne, Juin 1979, EIMZ, no 314.1 f.

DUBAL L., Expleiter les ressources énergétiques de notre
parc immobilier. Office {Edéral de 1'¢nergie, Berne, 1980.

“PURAL L., Die Energiequellen in unseren Gebiden: kimen
wit sie nutzen? Schweizer Ingenieur und Architekt
3/81, p. 23.

WILLIAMS R., ROSS M., Drilling for 0il and Gas in Our Hou-
ses, Technology Review, March/April, 1980.

PIRCHIL G., Optimierung von Wasrmeschitz-Massnahmen der
Romay AG. Oberkulm, 8 April 1980.

BRUNDRETT G., User experience of well insulated
houses, In ECBE, vol. 5, p. 33

ANDERSON B., Case study of temperatures and energy
consumption in a highly insulated timber-framed house.
The Heating and Ventilating Engineer. 54, September 1980,

p. 6.

(50)

(51)

{52}

(53] :

(54)

(55) :

(58) :

(59} :

(69} :

B.13

MILL?R,A., Report on the Washington Highly Insulated
Housing Project. In ECBE, 5, p. 43

Oper?tional Saskatchewan Solar-conservation house yields
fuitner data on energy efficient building designs
Soft Energy Notes, 2, 1979.

Ly

DUMONT R., et al., Measured energy consumption of a group
of lew energy houses. National research council of Canada.

Division of Building Research. Ottawa, May 1980,

MADSEN P., (0SS K., Low Energy Houses in Denmark.
Solar Age, February 1980, p. 22.

CHRISTESSEN G., An unscheduled rveport on an experiment of
the Danish bullding research Institute at Hgrsholm, Demmark,
in ECBE, 5, p. 157.

Low energy houses in Denmark. Air Infiltration Review, 1
(3) May 1980. -

>

SAXHOF B. et al., six low-enerpy houses at Hiortekaer,
Dempark, 7th International Congress of Heating and
Alr Conditionming “CLIMA-2000"

HARDING J., Housing Revisited. Soft Pnerov Notes, 3,
August/September 1980. p. 22. -

JONES R., et al., Case study of the Brownell Low Lnergy
Requirement House. Brookhaven National Lab. BNL 50968,
May 1979, :

Passive Solar Bulldings, Sandis Labs. Albuguergue, New
Mexico, 87185, SAND 7%-0824 , July 1979.

BRUNO R., et al., The Philips experimental house: results
and experience. In EUM, 3, p. 299.

EIMROTH A, , LOGDEERG A., Well insulated airtight buildings,
Energy consumption, indoor climate, ventilaticn and air
infiltration. In BRWW. 1c, p. 30.



® ® @

(61} :

{63)

(64)

(67) :

(68)

(69)

(m

(71

LINDSKCUS N., Projet A grande échelle de maisons expéri-
mentales en Sudde. Bull. ASE/UCS 6%, (1978) no 5, 11 mars,
p. 217, Voir aussi ECBE, 5, p. 79 .

ROUSCH VON E., et al., Energieanlage flr das Objekt
"Wotto di Lena' in Minusio/Tessine, HEH 28 (1677, no 8.
August.

BRINNER C., Planungs und Ausflbrungsprobleme, Aktiv und
passiv. Der Architekt, 11, 1950.

Mehrfamilienhfuser in Gossau (8G), das wohnen, 9.
Septenber 1880. p. 174.

FISCHER A., Grossbuch 14, 8064 Rudolfsietten, communication
privée.

GRIVAT.J,, Compagnie Vaudoise d’Electricité, 100Z Lausannc.
Communication privée. FISCHER #. Gendve, commzication
privée.

Courrier de 1'Antigaspillape, no 16, novembre 1880, p. 10.
SUTER P., Institut de Thermigue Appliquée, EPFL.

ARBENZ B., Amt filv technische Anlagen und Lufthygienc
(ATAL)} 8090 Zurich, voly aussi 'Tages Anzeiger'' 9.12.78.

SIVIOUR J., Energy Flows in Six Experimental Houses.
In ECBE, vol. 5, p. 23.

SIVIOUR J., Houses as passive solar collectors,

Encrgy Conservation in Heating, Cooling and Ventilating
Buildings, Hoogendoorn and Afgan (editors), Hemisphere
publishing, Washington/london 1878, p. 748.

@

®

©

(72}

{73}

(77)

(78} :

{79y .

(80)

{81}y .:

(82}

B.15

SIVIOUR J., Theoretical and experimental heat losses of
a well-insulated house. In BRWW, la, p. 328.

ANDERSON B., Field studies on the effect of increased
thermal insulation in some elesctrically heated houses.
The, Heating and Ventilating Bnpineer, 52, (613) November
1678, . 6. o

ROSENFELD A. et al. Appendix III, Residential vetrofit
survey. LBL 7/30/80.

NERREGARD M., et al., Internal and external imsutation of
existing blocks of {lats. In ECBE, voi. 1. . 243.

SOCOLOW R., The twin rivers program on energy conservation
in nousing: highlights and conclusions, Encrpy and Buildings,
1, {1977/78) p. 207,

MACDUFF R., Observed Results of Home Insulaticn, In CEUF,
Vol. 3, p. 1310. T

Les HIM dressent le bilan de leurs efforts d'économie.
1507000 appartements anéliorSs en deux ans. Le Monde,
22 juin 1979,

Gazette Nucléaire, 0GSIEN,

PERSSON AL, Supplementary insulation of the exteriors of

on¢ family houses. In ECBE, 1, p. 1a7.

Energiesparen im umbauten Raum: was tut der Bund?
Direction des constructions fédérales, Berne, mai 1879.

KREBS G., Ville de Gendve, communication privée,

GAY J., Windows Workshop, IEA meeting, Delft, 9-10 Juin
1880, Compte rendu pour le Groupe Energie Solaire de 1PEPEL.

BRUSNER C., Beright tber den "Window-Workshop” der Inter-
nationalen Energieagentur (TEA} in Delft, Schweizer Inge-
nieur und Architekt, 46, 1980 p. 1141. T '




® ©® ©

® ©®

{83) :

(843

{85)

(86) :

(873

(88) :

(89) :

(997

o1y -

5
FRETHOLDT H., Evakuiertes Doppelfenster, k < 0,3 W/m“K.
T > 0.7. In WFH, p. 77. '

KNEUBTEL F., et al., Thermal Radiation and Building
Envelopes. In ECBE, vol. Z. p. 173,

SACELSIORFE R., et al., Nationalfondsprojekt Strahlungs-
haushalt der Gebaeudchuelle. In WFH, p. 169. .

SELL J., EMPA, Dibendorf, Abteilung Holjz.
KOSE S, Institut £ir Flugzengstatik und Leichtbau, ITHE.

MARTINELT R. et MENTI K., Schwelzer Insenieur und Archi-
tekt 41/80. Voir aussi BCBE 2, p. 281, 301, 327.

ROULET C. Lab. des Matériaux Pierreux, EPFL.

ROBERTS J.J., The external insulation of buildings, in ECBE,
2y D, FT.

FORD K.W., et al., Energy indoors, in EUE, p. 81.

HOLZ Ib., KUNZEL H. Binfluss der Wirmspeicherfdhigkeit

von Bauteilen auf die Raumluftemperatur in Sommer und

Winter und auf den Heizwirmeverbrauch, Gesundheits-ingenieur,
101 (1980} Hefr 3, p. 50.

CURTIS B., et al., Thermal Mass: its rele in residential
construction. Lawrence Berkeley Lab. LBL-9200. June 1875.

Plusieurs articles dans ECBE, vol. 4, p. 219, wl. 14,
v. 187, vol. Z, p. 7.

94y :

(85) :

(963 -

(97} =

{98} -

(99) :

(1600 :

(1613 :

(102) :

B.17

HASTINGS R., Planning and coordination of swiss passive
solar research. In WEH, p. 3.

ARATANI K., Utilisation of thermsl capacity of the
greund under the floor for cooling the dwelling in surmer,
in BECBE, 4, p. 209,

VARDE K., A study of energy usage in undcrground'dweilinvs.
In CEUF, 3, p. 1317. )

LAKQ P., Eeonomic Carden Houses: High density development,
illinois Imstitut of Technology, Chicago, 1577.

SETTY B., The Nations Most Energy-Efficient Office Building,
ASHRAE Journal, November 1979, p. 3i. -

FLAVIN C., Inergy and Architecture. The solar and
conseryation potential. Worldwatch paper 40, november 80,
p. 33, ’

ibid.
The Keller Warehouse: in Passive Solar Buildines, Sandia

Labs, Albuquerque, New Mexico, SAND 79-082%, July 1979,
p. 183.

The Kalwail Direct~Gain Warehouse, in Passive Solar Buildings,
Sandia Labs. Albuguerque, New Mexico, SAND 74-0824, July
1979, p. 171.

PLEDERSEN F., Danfoss, KHW/HIS/ho, Nordborg den 5 mai 1276.

LANGE E:, Energy saving achisved by the use of thermostatic
vaives in a hot water radiator system, in ECBE, wol. 3
p. 183, : —

3

SVEN@SON Ao, Thermostatic radiator valves-functions and
reguirements. In ERWW, vol. la, p. 118.



{103}

(104) :

(105}
(106}
(167}
{108}

(109)

'(119}

(1

(112)

MANDORFF Sven, The fumction of heating systems with therme-
static radiator valves having no present maximum flow, in
BIWW, vel. la, p. 100.

LAURIDIEN N., Radiator thermostats in large heating systems,
in ECBE, 3, p. 203.

Control and Instrumentation; August 1880, p. 38, and p. 47.
March 1980, p. 5Z.

LARSEN B., Pnergy savings by using automatic control in
small residential buildings. In ECBE, 3, p. 220,

SPOONER B., Enerpy consumption and temperatures in intermite
o

tently heated buildings. In ECBE, 3, p. 57.

Enerpytex 5.A., Monthey.
Landis & Cyr, Basel.

BECKER #.H., Economiser de 1'énergie en mesurant la consom-
mation ? La Revue Polvtechnigus, 8/79.

EVEFELT L, Modern Heat and Water Metering. In ECBE 3, p. 67,

Compteurs &lectronigues de chaleur et de froid. Fabrigue
de compteurs & gaz et 4 cau S.A. lucerne.

ZOLILNER G., BINDLER J., Montageort fiir Heizkestenverteiler
nach dem Verdunstungsprinzip HLH 31, (1980) 6, Juni.

LUNDGREY, T., Room temperatures as the basis for heating
charges in apartment houses-energy saving and consumer
reactions. In ECBE 1, p. 231.

LEBRUN J., et al. Energy savings in buildings. Intergration
exercise. IEA-EC801112-01, Programmation de la Politique

scientifique, rue de l& Science, 8, 1040 Bruxelles, November

7, 1880,

BEZAT R., et al, Mesures du rendement ¢'installations
de chauffage wmodernes de grands immeubles d'habitation.
Services Industricls de Lausanne, Février 1979,

BEZAT R., leng time tests in real installations of the
efficiency of oil fired beilers. In ¥Fd, p. 233.

WICK B., Energiekennzahlen. In WFH, p. 37.

WICK B., BARDE O., Les statistiques de la Sages: une base
pour iuger des v8suitats. In EENB, 31 octobre 1980.

WlCI_( B., Energie im Schulwesen Untersuchungsphase
{Feinanalyse), 8976 Widen, December 1980.

WICK B., Sparobjekt Einfamilienhaus, Schweizerischer
Spenglermeister- wmd Installateur- Verband, 8023 Zurich,
1581, 169 pp.

BREMN J., Zur Entwicklung eines regulierbaren
Heinzungsystems kleiner leistung, In WRH p. 228

Chaudiére Mirical, Htablissements Sarina, 1701 ¥Fribourg.

SUTER J.M. et al., Messung an Sanitir- wund Heizungsanlagen,
in WIH, p. 215. )

OLESEN R., KJERULF-JENSEN P., Emergy Consumption in a room
heated by different wethods. In ECBE, 3, p. 19.

BOREL L., YAMNI G., Remplacement du chauffage individuel
par dfautres modes de chauffape. EPFL, Institut de Themmo-
dynamique, Décenbre 1977,

BOREL L et al., Fompes & chaleur, EPFL, mars 1980.

BQRE:L L., et al., Warmepupen - Technologie, Wirtschaft-
lichkeit und Anwendungsmoglichkeiten. In WFH, n. 269.



® 6 66 6

13

(122)

(123)

{127}

(128)

{131)

(133)

BLUM W., MC Ing. Baden

HARTMANN P, et MUMLEBACH H., Automatic measurements of
air change rates {décay method) in 2 small residential
buildings without any forced-air heating system, AIC-
Conference, Windsor, 24 octobre 1980,

Verbrauchéabhﬁngige Heizkosten abreclvumg- Ja oder nein?
SAGES, Feb. 1981.

HESS W., Erste Resultate von Wirkungsiradermittclumgen
an den Olfsuerungsanlagen in der Stadt Ziirich,
SVG-Schriftenreihe, Nr 77, 1980.

¥RERS G.P., Contrfle permanent de la consommation dans
les grands censembies locatifs: Rapport sur & années
d'expéricnce, Service du chauffage de la Ville de Gondve,
Mars 1881.

HESS W., Gesundbeitsinspektoratr der Stadt Ziirich,
Presse unter lagen vom 26.6.1580,

Supplying hot water from the domestic freezer, ARK-
Telefunken, Buildings Services and Environmental Enginesr,

Y

January 1981, p. 23.

Le chauffage "pilce par piSce”, Le Monde, 31 aclit 1980,
p. 8.

MASDEN T, , SAHOF B., An unconventional method for
reduction of the energy consusmption for heating of
buildings. In ECBE, vel. 3, p. 31.

LYBERG M., Heat recovery in ventillation systems. National
swedish institute for buildings research. December 1979.

ROSEME G., et al., Air to alr heat exchangers: Saving
energy and improving indoor air quality. Lawrence
Berkeley Lab. In CEUF, 3, p. 1220.

GOTTSCHALK G., SUTER P., Betrisbsmessung an Luft-
Warmeaustauschern. In WFH, p. 289.

(134)

(135)

(136 :

(137)

(1407 :

(141)

(142}

{143} :

B.21

RUDCLPH R., et al. Abwdrmenlitzumg von Hochbautgn,
Bundesministerium fiir Forschung und Technologie,
Februar 1979, pp. 140. Verlag TUV Rheinland, Kéln, RFA.

ESDORN H., FRUSTCL H., Maschinelle und freis Litftung von
Wohngebiuden- ein Vergleich, Henmann-Rietschel. Institut
er Technischen Univ, Berlin.

DICKSON 1., The Energy Implications of Ventilaticn in
Houses. In BRWW, la, p. 67.

HENBERIECKX F. et KLEPFISCH G., Le bruit dans le chauf-
feries, C.5.7.C. - Rewvue, juin 1980, p. 24,

BOMMES 1., Lirmminderung bel einen Radiaiventilator Klei-
ner Schnelldufigkeit, HiH 31, (1980) p. 173.

GUISAN 0., et al., Etude d'un échangeur pour récupération
de chaleur des eaux usées. In WHI, p. 279.

EBERSBAERS, Heat Recovery from Wast Water in Domestic
Buildings, in EUE, Z, p. 199,

RSRUD T., Plastic pipes for hot water, Building Rescarch
and Practice, March/April 1980.

ANDERSON J.,, SABY J., The electric lamp: 100 vears of
applied physics. Physics Today, Octoher 1979, p. 32.

Lampe Philips "SL'Y, OFEL-Info, no 309, Lausanne, 12.12.1980.

VERDERBER R., et al., Testing of energy conservation of
electronic ballasts for fluorescent lighting; review
of recent results and recommendations for design goals.
Lawrence Berkeley Lab. LBL-8315, October 1978.



{1443

{145}

(146)

(147)

(148)

(150)

(151} :

(152)

JEWELL J., et al., Energy Efficiency and per{ormance of
solid state baliasts. LBL-8S0L, September 1979.

] i : F lighting
Pnergy savings from cptimam des%gn and_control.of 1L;aer~0
in office buildings. Demonstration project energy cOns

vation, Commission of Huropean communities, December 4, 1980.
, Comm

BEMNETT D, , EIJADI D., Solar optics: Light as energy:
energy as light, Underground space. 4, 1o 6, p. 348.

NEWCOMS J., ANDERSON M., Direct sun skylights. In CEUF,
3. p. 1l2zZZ.

SMITH C.B., iight energy sources, in REfficient Electricity
Use, Pergamon 1976, p. 4835,

Perspectives d'agpprovisionnement do 13_8uisselén elc;t?zz
cité 1079-1990. Union des centrales sulsscs d'électricité,
Sixidme "Rapport des Dix", Juin 1979,

NARGARD J., Improved efficiency in domestic electricity
uée, Teehnical University of Denmark, DE-2800 Lyngby.
March 1979.

NERGARD J., Low electricity househol d” future, ?echﬂical
University of Demmark, DK-2800 Lyngby, April 1980C.

Energy cOnseTrvatich program for consumer products,
US. Department of Energy Proposals, Federal Register,
45, No 127, Juin 30, 1980,

Energy efficiency standards for consumer products,
US. Department of Energy, Juin }980.‘ Lot
Technical support docgment no 1, ?§Z§;5§2g502/22Y0172
i " v no 3, Certification/Enforcerent
COB/CS-0170
" " " no 4, Economic Analysis
DOE/CS~0169
b H " ne 5, Enginecring Analysis
DOE/CS-0166

(1s3)

~~
[N
w
B
ot

(155)

(::) (156)

26 (157)

(159)

(160)

{161}

(::) (162}

BEGUIN M., Electricity consumption in building. Laboratoire
de Physique, Université de Lidge, Belgique, aolt/seprembre
1980.

SCHIPPLR L., Intermational analysis of residential energy
us¢ and conservation. LEL. In CUEF 1, p. 75,

Communications statistiques de 1'UCS du chauffage électri-
que, Bull. ASE/UCS 71, (1980) 10,-24 mai, p. 540.

BONMARD ., et al., Elfments de la structure de la demande
d'électricité dans ies ménages, IBIN , EPFL, 1 cctobre §0.

Conférence de presse, FEA, du 29 mai 1980, Secrétariat:
8001 Zirich Bahnthofquai.

SCHREIBER, T., Rapport sur les mesures d'encouragement ou
de réglementation des économies dans le sccteur domestique.
Bureau Eurcplen des Unicons de Conscmmateurs (BEUCY 29, Tue

Royale Bte 3~1000 Bruxelles, 12-13 mai 1980, p. 7.
Ibid, p. 10.

Energy cfficiency labelling. Consumers’ association, 14
Buckingham Street, Londres WCZN 6DS, Avril 1678,

3

Test methods for measuring energy censumption of domestic
appliances: consideration of consumer usage. Consumers’
association, Londres, Octobre 1879.

The EEC Energy labels for domestic appliances: a pilot

“survey of consumer understanding. Consumers’ association,

Londres, Aofit 1980.

BRUSCHWEILER H., EMPA, 5t Gallen.



©

{163)

(164} :

{165} :

(166) :

(167} :

{168)

(169) :

a7

{171) :

(172) -

Secomut, Kriger & Co., 9113 Degersheim.

STAHEL, W., Répartitiorn de la consommation d'énergie des
bitiments en Suisse selon les différents types. Série de
publications de 1'0ffice fédéral de 1'énergie, EDMI, 1579.

HEAP R., The "Lpergy return', a simple ranking parameter
for energy comservation strategies. In ECHE, 6, p. 27.

BEIJDORFF A., STUERZINGER P., Positien paper on encrgy
conservation. Improved cnergy efficiency: the invisible
resource. ilth World Energy Conference, RT-6, Septombre
1880, Munich. World Energy Conference, lLondres 1880,

GRANUM H., Economic optimization of thermal insulation in
buildings. In ECBE, vol. 2, p. 51.

Divers articles dans ECBE, 6, ». 55, 6%, 131 et 141.

‘Economic analysis: energy performance standards fer new
buildings, US.Department of Energy, DOE/CS-0129, Janvier

1980, pp. Z540.

KOMLER N., ROUIET C., Cofit énerpltique de ia construction.

Dans WRH, p. 323.

Energiespormassnahmen, Basler & Hofman, Ingenieur und
Pianer AG, 8029 Zurich, Juillet 18977.

LEDERGERBER, E., Thése de doctorat présentde & 1'Ecole
des hautes études commerciales de Saint Gall.

LEACH, G., et al., A low energy strategy for the United
Kingdom, Science Reviews, LTD., Londres, 1979.

SONDEREGGER R., Modeling residential heat load from
experimental data: the equivalent thermal parameters of
a house. Dans EUM, Z, p. 183.

(175)

(176)

(177 ¢

(178)

(i79) -

(1807 :

{181} ;

{182)

(183

(184) :

(1857 :

UTTENBROECK J., Seasonal Efficiency of a boiler, C.5.T7.C.
Belgique, Mai 1980.

5DA$EON B., Approaches to achieve low-energy buildings
in Sweden, in NECT, 1981. '

HAYDEN A.C.S. and BRAATEN R.W., Domestic 0il Heating
System Retrofit to Save Energy, in NGCT, 1981.

HAYD?N A.C.5. et BRAATEN R.W., Efficient Residential Cil-
Meating Systems, Report EI.75-8, Conservation and
Renewable Energy Branch, 58 Both Street, Ottawa, Ontario
KIA OE4, Canada. Aussi disponible en f{rancais.

NORLEN U._and HOLGERSSON M., Estimating Effects of Energy
Conservation Measures: A Swedish experience, in NECT, 1981,

GU@;LAUME M. et GENOUX M., Efficiency of the emission of
raglators, in NECT, 1981.

SAVITZ M. and MILLHONE J., Current U.S. Natiomal nergy
Conservation Programme in the Residential/Commercial
Sectors, in NECT, 1981.

Energy gudits: Swiss contribution to the IEA workshop at
Elsinore {Danemark), 1315 April 1981, Office Fédéral de
1tEnergie, 30603 Berne.

DUBAL L. and FAVRE P., is my house sick enough to call the
doctor 7, Ref. 181. p. 36,

SAINT-GEGURS J., Pour wme croissance &conome en énergie,
Commission des Commmautfs Burop@ennes, Collection Etudes,
Série Energie no 4, Bruxelle 1979.

HOLDEN C. "Bnergy, Security and War', Scisnce 211, 13
February 1981, p. 683. - “""

YERGIN D. and STOBAUGH! R., Energy Future, Report of the

Energy Project of the Harvard Business School, Random
House, 1§79,

B LA XL TR ]



Figure

Figure

Figure

VI

F1GURES

Temperature of optimum comfort as & function
of activity and clothing lavel ........cooviiiinnann

Heating energy index 2s a function of climate for the
building stock and some pilot NOUSES ... .ocveeveenvnnnn

Life cycle cost and heating emergy index calculated
for different kinds of heating svstems as a function
of the level of insulation and heat recovery for a
house situated in a 3700 degree-day climate .......... .

Calculated total energy. index as a function of

climate for different Kinds of residences ..............

Calculated annual olil comsumption as a function of
indOOT TOMPETATHTE .« nvuveerssmrtareonsaaeansansrnsass

Measured weekly oil consumption as a function of the

average outdoor temperature for an apartment building,
and the detemmination of its energy signature .........

kEEE R R

Table 1

Table 11

Table III

Table IV

Tabie V

T TIO

Measured heating performances of some highly
insulated pllot houses .................

Specific energy consumption of some household
APPLIATNICES + v itnne e sty s e,
Technical improvement possibilities of scme household

APPLIANCES tvvvvirnrrrrrr e erannannoannss

“Nermalized energy indices of some typical Swiss

buildings and highly insulated houses .....

Economic attractiveness of some energy conservation
TMEASUTES tevvrrnnrninenaanannnnss :

B R

68

76

86

88



