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0. THE PRINCIPAL CONTENTS OF THE INVESTIGATION

In the spring of 1978 the Swedish Riksdag passed a resou-
lution concerning an energy conservation plan for the exis-—
ting building slock (Bill T7/78:76). The object is to reduce
energy consumption in the existing building stock by about
25% over a ten-year period ending in 1988. The Riksdag also
resolved that the conscrvation plan should be reviewed af-
ter three years. In conjunction with the current review,
the Secretariat of the Energy Management Delegation has
entrusted to the Swedish Council for Building Research BFR
the task of investigating the matter of energy conserva-
tion in form of combinations of measures.

In the course of the investigation a new method, termed
MINISYSTEM ANALYSIS, (MSA) was developed for the calcula-
tion of the energy conservation potential of an individual
building in which a number of energy conservation measures
interact. In this mcthod account is takeu ol Lhe [aclt that
effects cannot at all times be added, and that certain mea-
sures must always be combined in order that the full effect
may be obtained.

The investigation deals only with tcchnical measures which
rcquirc some kind of investment. The conservation potential
of the measures is calculated on the basis of the assumption
that the buildings meet certain minimum requirements regar-—
ding operation and maintenance.

In order that technically and economically optimal energy
savings may be achieved, the different technical measures
must be combined into correctly designed combinations of
measures which are applied at the correct time. This correct—
ly designed combination of measures for an individual buil-
ding is put together on the basis of energy audit, calcula-—
tion and analysis of the calculation results. From the
point of view of energy, each building is an individual,
and the composition of the combination will therefore vary
from building to building, even though, to all appearances,
the buildings are identical.

Applied examples of the calculation model for individual
buildings show that the measures which require work on the
facade are mainly profitable when they are carried out in
conjunction with the repair of damage to the facade, main-
tenance or alteration. The MSA-method shows that building
measures are chiefly profitable in single family houses,
while installation engineering measures should mainly be
carried out in blocks of flats and non-residential buildings.

Owing to the fact that minisystem analysis can be compute-
rised, extensive calculations can be pert'ormed. The method
can therefore also be applied for planning at municipal
level, and for the calculation of the total energy conser-—
vation potential in the buildings of the country as a whole.



1. INTRODUCTION

Lk The instructions from the Secretariat of the
Energy Management Delegation

The Energy Management Delegation FHD has discussed with the
Swedish Council for Building Research BFR concerning the
feasibility, in conjunction with the overall reassessment of
the energy conservation plan, of examining energy conserva-—
tion in the form of combinations of measures, minisystem

analysis.

The ideas concerning energy conservation in the form of a
combination of measures have been developed over the past
few years, among others in the programme groups set up to
formulate the research programme of BFR in the energy sector,
EFUD 81-8L4. In minisystem analysis a calculation is made of
the conservation potential of different combinations of mea-—
sures when these are applied to an individual building. In
this process, acount is taken of the fact that certain mea-—
sures must always be taken in conjunction in order that
energy conservation may be secured, and also that the con-
servation effect of a combination may be less than the sum
of the effects of the constituent measures. Minisystem ana-—
lysis deals with the conservation achieved in an individual
building. By aggregating the results from a number of buil-
dings, it is possible to calculate the conservation poten-—
tial for larger groups of buildings, for municipalities or
even the whole of the country. It is essential however for
such calculations that the energy properties of the buil-
dings concerned should be reasonably well known.

1.2 The investigation
In order to associate existing knowledge in this subject

area and to develop this calculation method, a special
working group was formed by BFR. Members of this group were

ingrid Munro Chairman BFR

Dage Kéberger Vice—Chairman member of BFR Board

Anders Eriksson Bengt Dahlgren AB,
Géteborg

Tore Hansson Royal Institute of
Technology, Stockholm

Anders Nilson Bengt Dahlgren AB,
Goteborg

Claes-GObran Stadler Rockwool AB

In the course of its work, the group has been in contact
with a number of people employed by authorities, institutions
and firms. Among others, mention must be made of Bo Adamsson,
Sven-Erik Bjerking, Gunnar Franzén and Dayid S&dergren.
During its work, the group drew up a number of memoranda,

and gave two presentations for the Energy Management Dele—
gation.



1.3 Energy conservation in the form of a combination
of measures

The basic premise of the method described in this report
has been that energy conservation is most successful if it
is carreid out in the form of correctly designed combinations
of measures applied at the right time. This approach is new
and differs in some respecls from the method previously
applied. By making savings in the form of a combination of
measures it is possible to achieve technical, economic and
administrative advantages. This report mainly deals with
the way in which combinations of measures are made up from
the technical point of view, and the way their scope is
determined by economic crileria.

When potential energy savings are assessed, the traditional
way is to divide the measures into

building measures and
installation mcasures.

Examples of building measures are

additional insulation of

attic floors or roofs
external walls
windows and doors
ground floors

increasing the airtightness of
windows and doors
floors
external walls.

Exemples of installation engineering measures are

increasing the effectiveness of heat production
increasing the effectiveness of heat distribution
in the building

adjustment of the heating system

automatic regulation of the mixer valve
use of thermostatic valves
time control

adjustment of ventilation installation

adjustment of air flows
time control of air flows
recovery of heat from the exhaust air

sealing of ventilation ducts.

In most of the previous investigations, for instance that
forming the basis of the energy conservation plan, each
measure is dealt with individually. When a number of measures
are taken simultaneously, it is considered that the aggregate
effect is 15% less than if the effects of these measures are
added. This is the stereotyped method.



In the minisystem analysis several measures are applied
simultaneously. Account is taken of the fact that the effect
of certain measures cannot be added directly. This problem
is illustrated by the following figures.

Two measures whose effects can be added without reduction.

i
1 MEASUVRE 1

MEASURE 2. An example of two such mea-

———oro | sures is additional insula-

tion and the installation of
a thermostatic mixer for hot
water.

|

Two measures whose effects must be reduced on addition.

b

An example of two such mea-
sures is additional insula-
tion and temperature regula-—
tion.

L

The outer frame represents the energy consumption of the
building before the measures. If the effects of measures 1
and 2 are calculated independently, to give the nominal sa-—
ving, the area A is counted twice.

If measures 1 and 2 form part of a combination of measures,
the potential saving, the possible saving, is given by the
applied calculation method as the whole of the shaded area,
i.e. area A is counted only once.




The minisystem analysis thus distinguishes between nominal
and possible saving. This is essential in calculating the
effect of energy conservation measures in the form of a
combination, since a number of measures may be included in
the combination. In the same way as the stereotyped method,
the method of adding nominal savings can result in consi-
derable errors.

The difference between actual and possible sayving is greater,
the higher the conservation cost of a measure in thé combi-
nation, i.e. the higher its ordinal number in the combina-—
tion structure., This phenomenon may be called the "triangle
effect". This is best illustrated by the following figure.

—
it 4 150 6

T 7

Reduction accor-
ding to the ste-
reotyped method.

Measures for which the size of the area represents_the size
of the saving, and its ordinal number its ranking in the
package from the point of view of profitability.

Reduction accor-
ding to the
"triangle effect"
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Owing to the "triangle effect"”, the saving due to measures
of a higher number is considerably reduced. The scope for
energy conservation measures diminishes the greater the num-
ber of measures which are taken, i.e. the smaller the ener-—
gy that the building requires. According to the previously
used stereotyped method, this was not taken into considera-—
tdons

A combination of measures can include measures which are
coupled. The term coupling implies that it is necessary for
a certain measure to be carried out in order that the effect
of another effect may be secured. Coupling is thus an essen—
tial requirement in order that the conservation potential
may be accomplished to the full.

Examples of coupling are

additional thermal insulation and temperature control
(Owing to addition thermal insulation the demand for
input power diminishes, and for this reason a tempe-
rature control which reduces the supply or heat is
required).

additional thermal insulation and airtightness
(Generally speaking, when external walls are provided
with additional thermal insulation, considerable work
is done to the building facade. It is therefore an
advantage that measures to increase the airtightness
of the climatic envelope, which would otherwise be
difficult to take, should be carried out at the same
time).

increasing the airtightness and control of ventilation
(When the climatic envelope is made more airtight,
the number of air changes in the different rooms of
the building can be changed. In order that the air
change rate should be sufficient in all rooms, it is
therefore necessary for windproofing measures to be
followed by control of the ventilation).

The way that measures such as additional thermal insulation,
windproofing, control of ventilation and temperature are
coupled is schematically illustrated in the figure below.

CONTROL. OF
VENTHLATI O

ADDITIONA L
THERMAL M-
SULAT oM

LoOWER
TRANSMISS) oty
LOSSES

LowER
VENTIWLATION
L 6SsES

R
HIE6 HER LOWER RooMm
OPER ATIVE TEM PERATLRE S
TEMPERATORE OWING To TEMP-
ERATURE Cono
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The composition of a combination of measures depends on the
technical construction, quality and standard of the buil-

ding. Apart from the above energy advantages, other techni-
cal, economic and administrative advantages can be achieved.

Technical advantages:

The gains due to the energy conservation measures are
secured:

Additional thermal insulation as the only measure does
not save energy. Although loss of heat has certainly
diminished, the same heating effect is supplied by the
radiators, and the indoor temperature therefore rises
and there is no saving in energy. Additional thermal
insulation as a measure must therefore be combined with
measures which ensure that the temperature does not
exceed the previous level., Due to additional insula-
tion, it is often possible for temperature to be redu-
ced while maintaining comfort levels. Additional ther
mal insulation must at all times be coupled with tempe-
rature control in order that the energy saving may be
secured.

Energy saving accompanied by unchanged or improved comfort:

Owing to temperature control, temperature will be re-—
duced in most rooms. The inhabitants will then become
aware of the climatic wesknesses of the room in the
form of draughts and radiation. In order to ensure
that there is no reduction in comfort, temperature re—
gulation must be combined with additional insulation
and windproofing as a combination. Temperature adjust-—
ments should be effected.in the autumn to ensure Lhat
they are not regarded negatively.

Quality of workmanship:

Energy conservation measures in the form of a combina-
tion demand simultaneous major work inputs, and for
this reason work is likely to be carried out by larger
established firms. This should result in better work-
manship.

The energy conservation measures are done in the correct
technical sequence:

Major work with a view to saving energy should be car-
ried out only once during the remaining life of the
building. In conjunction with this work, it makes
economic sense to inspect the building and to ensure
that such inspection results in the measures hayving the
proper scope. If the measures are taken one by one, it
is possible for a previously carried out measure tn he
superfluous when the next one is taken.
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Energy conservation measures are taken in properly selected
buildings:

Owing to inspection and consultation, comprehensive
energy conservation measures can be concentrated in
buildings which are in need of maintenance, conversion
or other action favourable to the energy conservation
measures.

Economic advantages:

The costs of energy conservation and maintenance are combi-
ned:

From the economic point of view, it is profitable to
carry out major energy conservation measures in con-—
Junction with other work on the building, e.g. main-—
tenance. This ensures that the energy conservation
measures are marginal, since maintenance must in any
case be carried out. Energy conservation measures need
not bear the cost of e.g. scaffolding.

The costs of settling-in, supervision and scaffolding are
combined:

Owing to the fact that a site is set up to carry out
all the energy conservation measures in a building,
the initial costs are spread over all the individual
measures in the package. The package is therefore
cheaper than if each measure were carreid out one by
one.

More advantageous tenders:

Owing to the costs being combined as above, tenders
should be more advantageous. In addition, it is to be
expected that energy conservation measures will become
such large contracts that large. established firms will
find the market of interest, and this should prevent
the entry of firms of lesser standing.

Larger established firms:

See above. Energy conservation will demand broader com-—
petence than traditional construetion. It may therefore
be opportune for firms with special competence to be
developed.

Rational utilization of resources: manpower and material:

At large workingsites and with larger established
firms the manpower can be more evenly distributed
and in the same way materials can be handled and
stored in such a way that more rational production
is achieved,

Administrative advantages:

Only one inspection of each building:

Energy conservation in the form of a combination re-
quires only one inspection to decide the composition
of the combination.
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Fewer applications:

Owing to the fact that energy conservation measures
are concentrated in a combination, there will be fewer
applications for energy conservation grants.

Quicker processing by the authorities:

Owing to the fact thal Lhe authorities will receive
fewer applications, and that these are based on inspec-
tions of a high standard, processing should be quicker
and easier.

The inhabitants need be disturbed only once:

Owing to energy conservation measures in the form of a
combination, work will be carried out only once during the
remaining service life of the building. This should

cause less disruption to the inhabitants than if they
were bothered by builders on several occasions.

Only one final inspection:

Owing to the fact that there will be fewer sites, in-
apection hy the authorities and property managersc will
be simpler. The cost of inspeclion will be lower, and
the quality of inspection higher.

2. THE CONDITIONS FOR MINISYSTEM ANALYSIS

2.1 The energy balance for a building

Over a longer period, the energy locccs ond cnergy gains for
a building are in balance.

The losses are

transmission losses
through floors, walls, doors, windows and the roof

ventilation losses
in the form of controlled ventilation, leakage of air
and opening of windows

waste water losses
mainly in the form of heated waste water

other losses
that part of the energy supplied which is not utilised
in the building
electric power for external lighting

The energy gains are due to

energy which is supplied to the building by the heating
system

energy required for heating domestic hot water

energy dissipated by household electricity

energy from insolation through windows

energy from occupants in the building.



OTHER lLoSSES
WASTE WATER. LOSSES

YV ENTILATION LOSSES

TRANSMISSION LOSSES

This balance can be illustrated as follows.

HEAT FROMA OCCUPANTS

INSOLATION THROLGH WINDoWS
’ HOUSEHOLD ELECTRICITY

1 HEAT FRoM POMESTIC HOT WATER

(HEAT FOR. SPACE HEATING

— : =

LossEs % CAINS
e

The gains in the figure are net gains, i.e. no account is
taken of the losses in generation or transmission, for
instance boiler losses in a domestic oil-fired boiler. De-
pending on the way the building and the hot water are heated,
the net gains can be converted into gross gains or gross
consumption., This conversion is different for different

kinds of energy.'In this investigation, the boundary for
losses of efficiency in converting net to gross energy is
taken to be the line of the facade, i.e. only those losses
which occur in the building are taken into consideration.

As far as electricity is concerned, all energy may be con-—
sidered to be received by the building, while for an own
boiler or the boiler house for a group of buildings the
operational efficiency is taken into account. For district
heating only the losses inside the building, i.e. in the heat
exchanger, are taken into consideration.

This balance is specific to each building. It depends on the
size of the building, its shape, construction, installations
and method of heating, and also on the geographical location
of the building and its ambient microclimate., The consumption
in two buildings which appear identical need not be the same.
Varations may occur in the quality and airtightness of the
construction. Consumption is in addition affected by the
attendance, operation and management of the building, and

by the people who use it.
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The user influences energy consumption principally by his
use of hot water, the opening of windows and the choice of
room temperature level. In a single family house, energy
requirement for hot water is normally 15-25% of the total
energy consumption. Energy conservation measures reduce to-—
tal energy consumption, which means that hot water acquires
increased percentage significance in low energy houses. In
these, cousumplion of hot water is of ever increasing impor-
tance.

In those cases where the user can choose the indoor tempera-—
ture himself, the choice of a high indoor temperature re-
sults in increased energy consumption, 6-8% for each degree
in excess ol Lhe normal.

The manager or the owner of a resident house can influence
the energy consumption of the building in a number of ways:
for instance by controling the level of indoor temperature
and its distribution in non-residential prcmiccs and blocks
of flats, and by maintenance of Lhe building and its instal-
lations, i.e. tuning of the boiler, weatherproofing of doors
and windows, and adjustment of the ventilation installation
in buildings with mechanical exhausct or mechanical inlct

and exhaust ventilalion, ele.

The ease with which the factors which affect energy consump—
tion in a building can be modified with a view to saving
energy may vary, and the duration of this modifying effect
may also differ Crom bullding Lo building. This investiga-
tion deals with technical measures in the building and its
installations, and the changes in the indoor climate which
these measures may result in. Measures require capital for
their implementation, and are gencrally of long duration.
The object of these measures is that the energy consumption
of the building should be maintained at an optimal low level,
provided that the building meets certain minimum require-
ments as regards maintenance, operation and attendance,
which constitute a "platform" in this investigation. It is
stipulated that there is regular replacement of nozzles,
doors and windows are correctly weatherproofed, ventilation
filters are replaced, etc. In order that operation, atten-
dance and maintenance may be influenced, information to,
and training of, both users and managers is necessary. How-
ever, issues like these are not dealt with in this investi-
gotion, nor changes to district heating, heat pumps or al-
ternative sources of energy.
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This investigation deals only with that part of energy con-
sumption which is above the "platform", i.e. for which ope-
ration, attendance and maintenance meet certain minimum
requirements. By means of information and training, energy
savings can be made below the platform also. Optimum energy
savings are achieved if gains are made both above and below
the platform.

242 The effect of energy conservation measures on the
energy balance

According to traditional models relating to energy conserva-
tion, a certain measure produces an effect on only one item
in the loss column. Additional thermal insulation reduces
transmission losses, weatherproofing reduces ventilation
losses, and so on.

More recent findings have shown that certain measures may
have an effect on several items in the loss column. As be-
fore, additional thermal insulation reduces transmission
losses by reducing the U-value. In addition, insulation
work can be done in such a way that airtightness increases,
so that, where this is possible from the hygienic point of
view, the ventilation losses can be reduced. In addition,
owing to the fact that the surface temperature on the inside
of the climatic envelope incresses, it should be possible
to reduce the indoor temperature slightly without this ha-
ving a negative effect on comfort. Such a reduction cuts
both transmission and ventilation losses.
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The effects which can be ascribed to a certain measure must
be determined in each individual case. The effect of the
measures may however be limited by hygienic demands, for
instance demands concerning minimum air change rate and
acceptable room climate.

The calculation model for an energy conservation combina-
tion which is described in this investigation is designed
in such a way that the effects of the measures can be modi-
fied to suit circumstances.

3. THE CALCULATION MODEL USED IN MINISYSTEM ANALYSIS

In order to calculate the effect of the energy conservation
combinations and to asséss the composition of the combina-
tion, a calculation model has been devised which consists
of the following basic elements:

algorithm, see Section 3.1
(a formula which describes mathematically the rela-
tion between the measures and the sayings)

analytical procedure, see Section 3.2
(a method of formalising the calculations)

measure of profitability, see Section 3.3
(a criterion which determines the size of the
combination from the economic point of view).
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3.1 Algorithm

The energy balance in a building forms the basis of the
algorithm. This balance can be illustrated by the figure
below.

OF HEAT FROM OCCLPANTS
IHSoLATION THROLEGH Win—

AND HEAT For DOMESTIC
HoT WATER

NN

A,

Expressed in net térms, the balance can be written as
"Heat for space heating = all losses - free energy"

=1

Expressed in gross terms, the same balance can be written
as
"Heat for space heatinggr = (all losses - free energy)gr

The above relation can be expressed by the following
formula:

- L .
wgross =5 {(K+V)+Q+W}

where

K = Z(ki-Ai) (w/°c) This term describes the trans-—
mission losses through the diffe-
rent surfaces i, where ki is the

thermal transmittance of building
element i and Ai is its area.

Dows, DOMESTIC ELECTRICIT

HEAT FOR SPACE HEATING

FREE ENERGY ™ THE FORM

1 4
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V=20.33 * 1 v, (W/OC) This term describes the ventila-—
tion losses. n is the number of
alr changes per hour for the
volume Vo' If the building comp-—

rises volumes with different air
change rates, then this term will
be the sum of all partial terms.

W=W_ -W (w/°c) This term is a "residual" term,
where va is the sum of "other"

losses and waste water losses,
and W, is the free energy re-
ceived in the form of insolation
through windows, heat from nccu-
pants, domestic electricity and
heat for the domestic hot water.

n = operational efficiency of the heat production plant,
whether 0oil, electricity or district heating heat ex-—
changer, over one year,

o ;
Q = annual degree hour factor ( CH), see Section 3.13,
which depcnds on tgs tu and L, where
t, = mean indoor temperature
R P
- = outdoor temperature

I = length of heating season

3.1 The effect of different measures

In order that it may be possible to calculate the effect

of the measures and combinations of measures which have been
taken, the effects must be converted into changes, both po-
sitive and negative ones, in the parameters in the algorithm.
Changes in a parameter are indicated by putting the letter

A in front of the appropriate symbol.

Certain measures are only capable of affecting one parameter,
while others can affect several. Some likely measures and the
parameters affected by these are set out below. The magnitude
of this effect must be determined by inspection and assess—
ment of the special circumstances applicable to the building
in question. In Section 4 some examples are given of buil-
dings and the assumed magnitudes of the effects.



Measure:

Measure:

Measure:

Measure:

Measure:

Measure:

Measure:

Change of burner An =

Control of hot water
temperature. vav="%

Central temperatureo
control. AtR = s ©

Adjustment of the heat-

ing system. AtR = .. €

Thermostatic. valves.

- o)
AtR = .. C

Time control of ven-
tilation. An = .. ach

Adjustment of the ven-—
tilation system.
An = ... ach

19

. % points

By changing the burner to
a more modern type, effi-
ciency can be increased,
even in cases where the
0ld one is optimally tu-
ned for its design.

If a comprehensive conser—
vation measure combina-—
tion is carried out, re-
placement of the burner

is essential in order that
the boiler may continue to
work with at least the
same efficiency.

By reducing the temperature
of the hot water, heat los—
ses can be cut.

By installing a central
controlling device for the
flow temperature of the
heating medium, the mean
temperature can be redu-
ced.

By adjusting the heating

system, it is possible to
reduce the differences in
temperature between dif-

ferent rooms. In this way
the mean temperature can

be reduced.

By controlling emission of
heat by the radiators, the
room temperature can be
reduced.

By timing control of ven-
tilation, it is possible
to reduce this during cer-
tain parts of the day.
This measure applies only
in buildings with mecha-
nical extract or mechani-
cal inlet-extract venti-
lation.

By adjusting the ventila-
tion system, it is possible
to reduce the differences
in air change rate. The
mean air change rate can
be reduced in this way.



Measure:

Measures

Measure:

Measure:

Measure:

Heat recovery, venti-
lation. An__ = ... %
VX

with SEVERAL effects:

Additional thermal
insulation of external
wall.

Amt = e s s oCm2/W
An = ...... ac/n

_ o
AtR = seamew O

Additional thermsl
insulation of attic
floor.

wnoes 002 /W
senisie ac/h

Amt -

An =

Replacement of windows
and weatherproofing
bm = ... °cm? /w
An = ..... ac/h

o

AtR = awema (©

20

By installing a heat ex-—
changer in buildings

with mechanical inlet and
extract ventilation, some
of the heat in the extract
alr can be returned to the
building.

Additional thermal insula-
tion results in an incre-—
ment m,_ to thermal resis-
tance. This reduces the
thermal transmittance of
the construction. Weather-
proofing of such extent
may be considered that a
reduction in the air
change rate is possible.
The room temperature can
often be reduced without
an adverse effect on com-—
fort.

Additional thermal insula-—
tion results in an incre-

o bn taoderet san
n to thermal resis

+ -
tance. This reduces the
original thermal trans-
mittance of the construc-
tion. In special cases,
in single family houses
with attic rooms, improve-
ments in airtightness can
be achieved.

Additional thermal insula-
tion is provided, for in-
stance, by replacing the
old double glazed window
by a triple glazed one
wich has higher thermal
resistance. By better
weatherproofing of the gap
between frame and wall
than before, the air change
rate may also be reduced.
It may be possible to re-
duce the room temperature
without an adverse effect
on coumfort.
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Measure: Conversion of window Additional thermal insula-
B R S OCmg/W tlon'mgy be carried out by
. provision of an extra
Atp = coun. 7C pane on the inside. This

raises thermal resistance.
It is often possible to
reduce the room tempera-
ture without an adverse
effect on comfort.

In addition to these measures which are primarily applicable
to dwellings, other measures can also be tried in office
buildings, schools, hospitals or industrial buildings.

Such measures can also be catered for in the calculation
model by describing their effects on the energy balance in
terms similar to the above.

312 Interaction between measures

In order that the calculation should represent possible sa-
vings and not nominal ones, the fact that the building has
attained a new energy balance after the first measure must
be taken into consideration. When measure No 2 is taken,
its effect is not counted from the original energy balance
but from the one attained after measure No 1. In order
therefore that the interaction between the measures in a
combination comprising a number of measures should be taken
into consideration, a new energy balance must be calculated
after each and every one of the measures, i.e. the balance
must be drawn up several times. This procedure is best
illustrated by the figure below, in which the outer frame
represents the original consumption. Owing to the first mea-
sure, consumption is reduced, and the actual conservation
effect of the next measure cannot therefore be as large as
its nominal effect, i.e. the one that would have been cal-
culated if the measure had been taken on the original con-
sumption.

MEASURE 1

MEASURE B
T |
5 Il'5
Vg
< <
wotw

J 2

Measures whose effects can be added, see Section 1.3, are
exceptions to this procedure.
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3«13 The annual degree hour factor Q

The annual degree hour factor Q is a measure of the heating
requirement, Its magnitudc, which varies from place to place
in the country and from year to year, depends on the diffe-
rence in indoor and outdoor temperature and on the length of
time during the year when energy needs to be supplied. This
magnitude is reduced by free energy in the form of solar
gains, heat from occupants, heat from lighting, etc. The
annual degree hour factor can be illustrated by the figure
below. :

leDOORﬂyWP. tR

S
HEATGAING FROM OCLPANTS, ELECTRICITY AND SUN

i

//// B R R ” Rk L R
/" /7" AMNUAL DEGREE HOUR FACTOR G
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OUTDOR TEMP. t

LENGTH OF HEATING SEASON = |

Depending on the type of calculation to be carried out, the
annual degree hour factor Q can be determined in a number of
ways.

Method A: The indoor temperaturc is assumed to be +20°C.,
Energy gains are assumed to amount to about 300, and the
building therefore needs to be heated to only +1700 by means
of external energy. The annual degree hour factor can in
this case be calculated as the difference between the out—
door temperature according to the Sgedish Meteorological and
Hydrological Institute SMHI and +17 C. There are certain ru-
les for determination of the length of the heating season.
According to this method the value of Q is not altered by
energy conservation measures, with the exception of those
which lower the indoor temperature. The variation in the
value of Q as a function of the extent of savings is shown
in the figure below.

Q4>

MEASURES WHICH JOWER

THE INDOOR TEMPERATORE

THE EFFECT OF THESE ON Q@ \S
A’ER:L.

SAVINGS }3‘



23

Method B: In principle the same as Method A, but the indoor
temperature is assumed to have a value more in keeping with
actual conditions, e.g. +21°C in single family houses and
+22°C in blocks of flats., The value of Q is assumed not to
be altered by energy conservation measures, with the excep-—
tion of those which lower the indoor temperature.

Method C: According to this method, account is taken of the
fact that in buildings which consume less energy as a conse-
quence of conservation measures the energy gains assume
greater significance. This means that the need for external
heating energy is less, Q is smaller, and the heating season
is shorter. This state of affairs can be described by the
formula

= _ = + 1 -

W (K + V)Qbefore WG (K V)Q', which can be
changed to

Q' = Q - E¥? , where the denominator (K + V) represents
the energy requirement of the building.
Owing to energy conservation measures the energy requirement
of the building diminishes, which means that the last term
increases.
The more energy conservation measures there are taken, the

more the value of Q' diminishes. Its value can be illustrated
by the figure below.

Q A
QseFan‘

e — —
EXTENT OF SAVINGS

‘qf
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For a building, the value of Q' can be calculated after
each measure. The above curve then becomes a stepped curve.

Method D: Method C can be simplified by assuming the value
of Q' to remain constant regardless of the extent of savings.

\
Q A
Q ~+.
BEFRE"  ACCORDING To METHOD D
> 7 A
T TN AccoroiNG To METHOD <
N
EXTENT OF SAVINGS 4

When the extent of savings is calculated directly, without
drawing up an energy balance, another Q-value can be used.

Bo Adamson at the Lund lnstitute of' l'echnology has developed
a method, which is an extension of Method C, by means of a
marginal effect approach. This results in a definition of a

fictitious Q-value, Qsave’ using which the extent of the

savings can be calculated more essily. Qsa , which increa-

ve
ses with the increase in the extent of savings, can be trea-—
ted as a constant or it may vary.

In the minisystem analysis, depending on the degree of re-
finement to be used, any of the methods A-D can be applied.
Manuals usually quote a Q-value for different localities
which corresponds to Method A. A change to other methods
can be made on the basis of these data.

32 Analytical procedure

The object of the minisystem analysis is that it should be

possible to describe the energy conservation potential of a
combination of measures of variable scope as a function of

a meagsure of profitability, e.g. the conservation cost.

See Section 3.3.

Calculation of the energy conservation potential is done by
drawing up the energy balance a number of times. The conser-—
vation potential of a certain measure is the difference be-
tween two energy, balances. These repeated energy balance
calculations and their results are described by the follo-
wing schematlc arrangement.



FIRST energy balance calculation:

Measure a)

Measure b)

Measure n)

Calculation of the nominal
conservation potential as
if measure a) were being
taken on its own

Calculation of the nominal
conservation potential as
if measure b) were being
taken on its own

Calculation of ...
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Nominal conservation
cost of measure a)
in Skr/kWh

Nominal conservation
cost of measure b)
in Skr/kWh

Nominal ...

The measures are ranked in the order 1 — n on the basis of
the nominal conservation cost of the measure, the lowest
cost being given No 1. If the final result gives a ranking
for the possible conservation cost of measures which is
different from the nominal one, the ranking is adjusted and
a second lot of calculations is carried out.

SECOND energy balance calculation:

Measure 1)

Measure 2)

Measure n)

Calculation of the
possible conservation
potential of measure 1)
when it is the first mea-
sure in a combination

Calculation of the
possible conservation
potential of measure 2)
when it forms part of a
combination comprising
measures 1) and 2)

Possible conservation
cost of measure 1) in
Skr/kWh when it is
the first measure in
a combination

Possible conservation
cost of measure 2) in
Skr/kWh when it forms
part of a combination
comprising measures
1) and 2)

e

The possible conservation
potentials are aggregated,
and indicate the actual
conservation potential of
a combination of measures
of increasing scope.

Associated values of the aggregated conservation potential
and the conservation cost can be set out in a diagram. This
shows the economy of a combination of measures of variable

scope
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The above diagram shows the relationship between the possible
conservation potential and the possible conservation cost

for a given building of given properties which has been
assigned a conservetion measure combination comprising given
measures whose effects can be achieved. If a certain measure
is omitted from the combination, the curve relating to the
measures with a higher cost than that omitted is changed.
After a messure has been omitted, the entire calculalion musl
be repeated.

The above curve has been obtained by calculating the energy
balance for the building a large number of times. Owing to
the large number of calculations, it is advantageous to use
a computer.

THIRD energy balance calculation.

The measures are made up into a combination of measures. The
possible conservation potential and the associated possible
conservation cost are calculated in the same way as above by
drawing up the energy balance. The calculation is based on
the total change in the parameters brought about by the mea-
sures in the combination. The conservation cost calculated
in this way will thus represent a kind of mean of the con-
servation costs of the constituent measures comprised in the
combination.
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3.3 Measure of profitability

The calculation model contains a profitability criterion
which makes possible an economic assessment of the indivi-
dual measures or combination of measures. There are a num-
ber of methods which are applied today for the calculation
of profitability. Any of these can be used. By request of
the Energy Management Delegation, it is the conservation
cost (BK) which is used in this investigation, as in

Bill T7/78:76.

The conservation cost is defined as

investment + P31 * annual maintenance cost

B = P, + annual saving in energy Skr /kilh
where
1 T 1+ gq\T
AT l-(i—;—g)
r
B = and P, =
i 3 r 2 r =g
I 1+ r

The symbol r denotes the real discount rate and g the annual
rise in the price of energy, expressed in real terms (or -
to put it another way - the annual rise over and above in-—
flation). T denotes the service life of the measure.

The conservation cost can also be expressed in words as

"The conservation cost is that price of energy which would
make the present value of the savings equal to the sum of
the investments and the present value of the maintenance

costs." (Bill T77/78:76).

A combination of measures may comprise measures of different
service lives T. Measures of shorter service lives require
re-investments during the service life of the combination.
This is taken into consideration by introducing in the above
definition, for these measures, the words "the sum of the
present values of the investments and...".

In the following, the concept used is the gross conservation
cost which is obtained if the gross energy conservation is
used in the above relation. Direct comparisons can then be
made with the current price of energy, expressed in gross
energy units (Skr/kWh).
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3.31 Costs

For calculation of the conservation cost, the costs of
carrying out the various measures must be reasonably well
known. It must be possgible Lo relule the costs to the app-
ropriate measures. In this connection it must be noted that
there is a risk that the same cost will be a charge on a
number of measures. Scaffolding igs required for additional
thermal insulation of a facade, but also for replacement of
windows. In the first calculation the cost of scaffolding
must be equally apportioned to both the facade and the
windows. If, in the final combinations, the windows are in-
cluded but not the facade, the costs relating to the windows
must be adjusted.

There are three fundamentally different ways of treating
costs.

A) All the meaourco beor the full costs.

This means that the profitability of the measures is
calculated on the supposition that the measures are
carried out only with the aim of saving energy.

B) Certain measures bear only lhe muarginal costs.

This means that the energy conservation measures arc
carried out in conjunction with other measures, so
that the costs can be allocated to a number of jobs.
Examples of other work which may become necessary in
a building are

conversion
renovation
maintenance
repair of damage
modernisation.

C) Certain measures bear costs which are intermediate
between full and marginal costs.

This means that conservation measures are carried out
in conjunction with other measures which are however
not immediately necessary but have been brought for-—
ward in order that the conservation measure may be
carried out earlier. Examples of such measures are

bringing forward of renovation
bringing forward of maintenance
bringing forward of modernisation.

Ihe eft'ect of these different methods on the costs is illu-
strated by the following example.

A double-glazed window is to be replaced by a triple-glazed
one. Both the frame and casement are to be replaced.
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Method A).

The window is in perfect condition and well maintained.
Cost = Skr. 2000 each, full cost.

(If replacement of only the casements is necessary,
there are other cheaper techniques).

Method B).

There is decay of such extent in both the frame and
casement of the window that immediate replacement is
essential. The full cost of Skr. 2000 as above will be
apportioned between the energy estimate and the main-
tenance estimate.

Replacement of a damaged double-glazed window by a new
double-glazed window costs Skr. 1800 each, and replace-—
ment by a new triple-glazed window Skr., 2000 each. If
triple-glazed windows are installed, then

the energy account bears Skr. 200 each, and
the maintenance account Skr. 1800 each.

It is thus of considerable advantage to carry out con-—
servation measures in buildings in which the costs can
be charged to other necessary work.

Method C).

The window exhibits incipient damage. It is judged to
have a remaining life of about 5 years. A new window
is Jjudged to have a life of 30 years. If a new triple-
glazed window is installed 5 years earlier than neces-—
sary, then

the energy account bears
Skr. 200 + 5% 1800 = 200 + 300

the maintenance account bears

Skr. 500 each

Skr. 1800 - 300

Skr. 1500 each

It may be of economic advantage to carry out energy
conservation measures by bringing forward other work
rather than to be forced to pay the full cost.

In the calculations for a combination of measures applied
to & building, all three methods will be examined.

According to Method A), new investments made only with a
view to energy conservation

According to Method B), marginal investments with a view to
energy conservation carried out in
conjunction with replacements neces—
sitated by other considerations
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According to Method C), partial investment with a view to
energy conservation where new in-
vestment would later on have become
necessary.

The calculations must therefore be based on sound assess-—
ments of the quality of the building and its installations
and technicual equipment, and also on assessments of the re-—
maining useful 1life. The costs and properties of the energy
conservation measures must be elucidated. If this is done,
considerable gains can be made by

carrying out the right measures in
Lhe right buildings at
the right time

3.32 The scope of the combination of measures

The possibilities of saving energy and the costs of this de-
pend on a large number of factors. From the energy conser—
vation point of view, every building is an individual. The
potential savinge cannot be asocssed until an experl iuspec=
tion has been made of the essential energy properties. It

is essential that the correct costs of the measures which
will be carried out are known.

The scope of a combination of measures is primarily deter—
mined by the attainable profitability. Normally, a combina-
tion should not include measures whose conservation cost is
higher than the current price of energy for the method of
heating used. It may however be necessary to include measu-
res whoce conscrvation cost is higher than the current price
of energy, if such measures are essential for the function
of the combination. It is however stipulated in such a case
that the conservation cost of the combination as a whole
should be lower than the current price of energy. This
approach supposes that there is access to sufficient capital
to finance the entire combination of measures.

If access to capital is limited, then consideration may be
given Lo a combination of lesser scope. Such a reduced com-—
bination, includes only the most profitable measures. Often,
when a combination of measures of reduced scope is carried
out, the conditions relating to implemenlalion of the re-
mainder of the combination at a later date are changed. The
reason for this is that, at this later date, certain measu-
res must be repeated in order to secure the effect of the
combination of measures as a whole, and also that the costs
of e.g. inspection, consultation, settling—-in and so on
occur on both occasions. It may even happen that the conser-
vation cost of the remaining part of the combination is so
high that is is not possible to carry out a second round of
measures. Issues of this nature must be gone into thorough-
1ly before a decision is made to carry out parts of the com-—
bination. In the normal case, from the point of view of na-
tional economy it is right to carry out the whole combina-—
tion of measures at one and the same time.
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L. APPLICATION OF MINISYSTEM ANALYSIS AT BUILDING
LEVEL

In order to illustrate how the calculation model works, it
is spplied to some building types,

a single family house, see Section 4.1
a block of flats, see Section 4.2
an office building, see Section 4.3.

Each example has been selected in such a way that the con-
ditions differ to the greatest possible extent. In this way
it will be possible to obtain indications concerning the
potential and limitations of energy conservation.

4.1 Application of minisystem analysis to a single
family house

A type of house which may be considered for energy conser-—
vation is the frame house built over the period 1930-1950.
These were a further development of the timber boarded hou-
se. The walls were given better thermal insulation by fil-
ling the spaces between the uprights with sawdust. Wind-
proofing consisted of building felt.

The assumptions underlying the calculation are set out below.
In an actual case these assumptions should be based on an
inspection of the house and an assessment of the effects

and costs of the measures. It is assumed that the house is
in need of facade renovation.

Input data for calculation of the energy balance before the
measures:

Transmission losses: L(k.A.)

g
External walls U=0.7 W/mzoC
A =125 m2
Attic floor U = 0.6 W/meoc
A =120 m2
Ground floor U = 0.35 W/m2°C
A =120 m2
Windows and doors U = 3.0 W/mEOC
A =25 m2
Ventilation losses: 0.33 n Vo
n = 0.8 ach
vV = 297 m3

[e]



32

Annual degree hour factor Q 97 000 0Ch. (Central Sweden)

climate, indoor temperature = +21°C. Domestic hot water =
= 4500 kWh.

Opcrational cfficiency of own boiler n = 70%.
Proposed measures, their effects and costs:

Replacement of burner: An

= 5% points
Cost =

Skr. 3000

Intermittent heating: AtR = 0.500
Cost = Skr. 3500

Additional thermal insulation and windproofing of roof:

Mi= 0.39 Wa"°C 150 mm minersl wool, m = 3.0 m2°C/w
An 0.05 ach

Cost = Skr. 80/m2

Additional thermal insulation and windproofing of external
wall:

0.41 W/w™®C 200 mm mineral wool, m = 2.0 neOE 5

AU =

An = 0.10 ach
_ o)

AtR 0.57C

Cost = Skr.lhO/m% Marginal cost for the insulation
since the work is carried out in
conjunction with facade renovation.

Total cost is Skr. 300/m2.

Conversion of windows:

AU = 1.0 W/mgoC, a third pane is installed on the
inside
An = 0 ach
- o
AtR— 0.5 G

Cost = Skr.300/m2. The window is in perfect condition,
and for this reason the whole cost
is borne by energy conservation.

When the energy balance after the measures is calculated,
Method B in Section 3.13 is used for calculation of the
annual degreeohour fagtor Q. According to this,

Q' = 120 000 “Ch for Orebro.

Assumptions for the economic calculations:

Discount rate r = 6%
Rise in price of energy: q = 6% over the first five
years, after that
q = 2%.
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SAVINGS .
— INTERMITTENT HEATING
30,000 -+
— REPLACEMENT OF BURNER
20,000 J_ — ADDITIONAL THERMAL INSULAT 10N oOF WALL
—COMVERSIONM OF WiNDows
looco T
ADDITION AL
THERMAL. |NSULATION OF RooF
: s > —
10 20 3o CONSERVATION

Service life T:

Building measures T = 30 years

Installation en—

gineering measures T = 15 years

but replacement of

burner T = 10 years
Results:

A) Energy consumption before the measures:
56 000 kWh annually
51 litres oil/m2 annually

B) Nominal savings

COST SKR/KWH
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C) Possible savings.

PossiBLE
SAVINGS
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.. —

REPLACEMENT OF BURNER. ™~

INTERM(TTENT
HEATING

IE
Zp CONSERYATION
CosT  SKR/KwH

initial invest
ment Skr
9 600
T 500
17 500
3 000

3 500

I B.068 s — ARDITIENAL THERMAL INSULATEN OF WALL
—CONVERSION OF WINDOWS
10.000 -r—
— ADDITIONAL-
THERMAL. INSW ATIaN  OF ROOF
4 +-
o ite) 20
Measure possible saving conservation
gross kWh cost Skr/kWh
Additional thermal
insulation of roof ca 9 000 0.06
Conversion of
windows 5 000 0.07
Additional thermal
insulation of wall 11 000 0.08
Replacement of
burner 3 000 0.25
Intermittent
heating 1 000 0.3k
Comments:

At the current energy price level for fuel oil 1(Eo 1), about Skr.
1 500/m3, with corresponds to about Skr. 0.15/kWh, in this case it is

profitable to

convert the windows

additionally insulate and windproof the roof
additionally insulate and windproof the wall
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The conservation potential is 28 000 kWh or about 25 litres

oil/m2 annually. On the othsr hand it is not profitable to
carry out the proposed installations measures in view of
the conservation costs of these being so high. None of these
measures is such that they must, in view of their function,
be associated, coupled with the others.

If the facade of the house had been in good condition, the
cost of providing additional thermal insulation for the
wall would have been higher, about double, which would have
meant that the conservation cost of the measure had been
increased from Skr. 0.09/kWh to about Skr. 0.18/kWh. The
measure would then have been unprofitable. The combination
would then have been restricted to

conversion of windows
additional thermal insulation and windproofing of
the roof

for a house with the facade and windows in perfect condition.

4.2 Application of minisystem analysis to a block of
flats

A building type which may come into consideration is the
aerated concrete buildings constructed mainly in the 50s.
The external walls of these buildings consist of aerated
concrete blocks rendered on the outside. The floor slabs
are of reinforced concrete. The assumptions underlying the

calculations are set out below.

4,21 Building with a facade in need of renovation

Input data for calculation of the energy balance before the
measures:

Transmission losses: Z(kiAi)

External walls U = 0.7 W/nZ
A = 560 m2
20
Basement wall U= 1.40 W/m~ ¢C
A =172 m2
. 20
Attic floor U= 0.7 Wn" ¢
A = 270 m2
20
Ground floor U = 0.25 W/m™ ¢C
A = 247 m2
y 20
Windows and doors .U = 3.0 W/m~ C

A = 1k m?



Ventilation losses: 0.33 n Vo

Flats

Basement

n = 0.6 ach
- 3
VO 2025 m
n = 0.3 ach
Vo= 543 m3
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Annual dggree hour factor Q = 103 000 oCh, indoor tempera-—
ture +22°C. Hot water consumption: 42 000 kWh/year corre-
sponding to 3 500 kWh/flat and year. Operational efficiency

of own boiler: n = T5%.

Proposed measures, their effects and costs:

Replacement of burner:

Intermittent heating:

Adjustment of heating
system:

Additional thermal
insulation of roof:

Additional thermal
insulation of wall:

Conversion of
windows:

An = 5% points

Cost = Skr. 5 000
! o
AtR = 0.5C
Cost = Skr. T 000
= =0,
AtR = 0.5 C
Cost = Skr. 3 000
AU = 0.7 W/mZoC
Cost = Skr. 80/m2
AU = 0.4 W/l
An =0 (blockwork wall is
AtR= 0.5% airtight initially)
Cost = Skr. lhO/m?

AU = 1.0 W/m°°c

AtR =

0.5%

Marginal cost for the
insulation, since the
work is carried out in
conjunction with faca-
de renovation.

Cost = Skr. 300/m2

The windows are in
perfect condition,
and for this reason
the whole cost is
borne by energy con-
servation.

When the energy balance after the measures 1s calculated,
Method B in Section 3.13 is used for calculation of the

annual degree hour factor Q. 5
According to this, Q' = 125 000 Ch.
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Assumption for the economic calculations:

Discount rate = 6%
Rise in price of energy: q = 6% over the first five

years, after that

q = 2%.
Service life T:

Structural measures T = 30 years
Installation en-

gineering measures T = 15 years
but replacement of

burner T = 10 years.

Results:

A) Energy consumption before the measures:

298 000 kWh annually
L0 litres oil/m2 annually

B) Nominal savings.

A
KWH/((E}\Q NOMINAL

SAVINES
G

— ADDITIONAL. THERMAL-
INSULATION  OF WAl L

100 000 —F

—INTER. M OTENT HEANNG
—CONVERS|ON OF WINDOWS

o

— ADD\TIONAL THERMAL \NSUATION O0F Reof

REPLACEMENT OF BURNER
— ADJUSTMENT OF HEATING SYSTEM

} ' T

AE—— t

o 5 {o INOM| N4
CONSERVATION COST
SkR/wwWH

The nominal savings due to the measures, ranked according
to conservation cost, are set out below.
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Measure nominal saving nominal conserva-
tion cost
kWh Skr/kWh
Adjustment of heating :
system 7 000 0.04
Replacement of burner 22 000 0.0k4
Additional thermal
insulation of roof 21 000 0.06
Conversion of windows 30 000 0.08
Intermittent heating 7 000 0.08
Additional thermal
insulation. of wall 44 000 Oall

C) Possible savings.

o—

— ADDIMONAL THERMAL

INSWATION OF WALL

W -

TANTERMUTTENT HEAT\NG
— COMVERSION OF WINDOWS

— APD(TIONAL THERMAL \NSULATION OF RACE

__( REPLACEMENT OF BULRNER
ADIJUSTEMENT OF HEATING SYSTEM

; —- B
5 10 Possigle VY
CONSERVATION CosT
SKR/ rw/it
Measure possible saving possible conserva-—
tion cost
kWh Skr /kWh
Adjustment of heating
system 7 000 0.04
Replacement of burner 21 000 0.0k
Additional thermal
insulation of roof 19 000 0.06
Conversion of windows 2T 000 0.08
Intermittent heating 5 000 0.10

Additional thermal
insulation of wall 38 000 O LE
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Comments:

When the results of the two methods of calculating savings

are compared, it is seen that the effect is steeply reduced
for measures with a higher ‘conservation cost. For instance,
the nominal saving due to additional insulation of wall is

4% 000 kXWh, but the actual saving is only 38 000 kWh.

In this case, at the current price level af about Skr.
0.15/kWh, it is profitable to carry out all the proposed
measures. The conservation potential is about 119 000 kWh

or about 17 litres oil/m2 and year, and the total investment
is about Skr. 138 000. To this must be added the cost of
scaffolding for new rendering of the external walls. If the

cost of this is assumed to be about Skr. 150/m2, there is
an additional Skr. 83 000 which is charged to the mainte-—
nance account. This cost accrues whether or not any energy
is saved.

If it decided to conserve energy without doing any major
work to the facade and without disturbing the occupants,
only some of the proposed measures are carried out, e.g.

Adjustment of the heating system
replacement of burner

additional thermal insulation

of roof

intermittent heating.

The saving due to such a combination is about 54 000 kWh for
a conservation cost for the combination of Skr. 0.06/kWh and
an investment of about Skr. 37 000. The saving is equivalent

to about T litres oil/m2 and year. Whether the measure "con-
version of windows" is to be included must be decided on in
each individual case.

L. 22 Building with a facade NOT in need of renovation

It is easy to assess the effect of the above, since all the
previous conditions with the exception of one still apply.
In this calculation, the following will apply for additional
insulation of the wall:

£ = 0,40 Wi 06 (as before)
At

. 0.5°% (as before)

Cost = Skr. 3oo/m2
This cost includes
thermal insulation,
scaffolding, rende-—
ring.
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Results:

Measure possible saving possible conserva-—
tion cost

kWh Skr /kWh

Adjustment of heating

system T 000 0.0kL

Replacement of burner 21 000 0.04

Additional thermal

insulation of roof 19 000 0.06

Conversion of windows 27 000 0.08

Intermittent heating 5 000 0 dl

Additional thermal

insulation of wall 38 000 0.24

Comments:

The ranking and conservatinn potential of the measures are
not changed, as additional thermal insulation of wall had
the highest conservation cost before. The conservation cost
of additional thermal insulation of wall rises from the pre-
vious Skr. 0.11/kWh to Skr. 0.2L/kWh. This means that this
measure is not profitable at current energy price levels.
Measures to be carried out on the facade will not comc up
for consideration until work is to be carried out on the
facade for reasons other than energy conservation.

4,23 Variable conditions, sensitivity analysis

As mentioned before, the potential savings, the composition
of the combination and its economy depend on the conditions
exhibited by each individual building. It is therefore of
interest to perform calculations on the basis of variable
conditions.

The calculations are performed by determining the conserva-—
tion cost of a certain measure for a basic value of the pa-—
rameter which is to vary. This parameter is then given new

values, one higher and one lower than the basic value. The

appropriate conservation cost is calculated for these. Com—
parison of the change in conservation cost with the change

in the parameter shows how sensitive the calculation is to

the accuracy of input data for the parameter in question.

The calculation technique is exemplified with reference to
the measure "additional thermal insulation of wall", carried
out on the same building as that in Section L.21.

The example is based on the following basic values of the
puramelers:
st ol 20
initial U-value = 0.7 W/m™~ C
extra thermal resistance = 2.0 m2°C/w at a cost of
Skr. 11+o/m2
change of air temperature indoors = - 0.500

service life = 30 years
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On the basis of these assumptions, the conservation cost =
= Skr. 0.10/kWh for this measure.

We will now find by means of sensitivity analysis how impor-
tant it is to know the correct initial U-value and how im-—
portant it is that the indoor air temperature should be re-
duced.

The initial U-value is given one higher and one lower value

than the basic value of 0.7 W/maoc. The higher value is ma-—
de U = 0.9, and the lower one U = 0.5. The conservation
cost of the measure is calculated for both these values,
with the other parameters remaining at the basic values.
The results of the calculations are set out in a diagram.

Variation in initial U-value.

W /Mt INITIAL  O-VALUE
10 i)_ ©= BASIC VALUE
' FOR CALCULATIONS
= |NPICATES DIREC—
TION OF VARIATION
L ]
05 T
* = NEW VALUES
t ~+— b t -
o 5 10 15 20 CONSERVANOM COST
SKR /xewh

It is seen from the diagram that it is very important for
the economy of the measure that the correct value of the
thermal transmittance of the wall should be known before
the measure. If too high a value is given, the insulation
of the wall is poor and the measure is very profitable. If
too low a value is given, the insulation of the wall is good
and the measure verges on the unprofitable. The example de-
monstrates that it is essential to inspect buildings before
measures are carried out, one of the things determined du-
ring the inspection being the functional U-value of the ex-—
ternal walls with respect to moisture and infiltration of
air.

In the basic calculation it was agsumed that the indooroair
temperature can be reduced by 0.5 C. A reduction by 1.0 C and
an increase by 1.0 C are investigated in the same way.
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The results of the calculations are set out in the diagram
below.

Alteration of indoor temperature.

N\

RISE 1IN INDCOR TEMPERATURE

.

—t

— +
5 10 15 20 CONSERVATION COST
z SKR /W

= Jb ORoP IN INDCOR TEMPERAIURE

It is seen from the diagram that the measure has the same
good profitability as long as it is possible to lower the
indoor temperature. The measure will not, however, be pro-
fit%ble if it results in the indoor temperature rising by
1.0°C. This demonstrates that & coupling between additional
thermal insulation and temperature control is essential for
a good energy conservation economy.

All the proposed measures can be invcstigated in the above
manner for all buildings under consideration. In order to
limit calculations, the sensitivity analysis should bhe app—
lied especially to those parameters whose values are the
most uncertain. The final results of the calculations can
then be given in the form of a range within which the recsults
of conservation measures should be situated.

4.3 Application of minisystem analysis to an office
building

The office building has a heating and ventilation installa-
tion of relatively limited extent, and is not in need of
facade renovation.

Input data for calculation of the energy balance before the
measures:

Transmission losses Z(kiAi)

0.90 W/m=°¢c
860 m2

External walls U
A
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Basement walls U = 1.40 wm2oc
A = 350 m°

Windows and doors U = 3,00 W/m2°C
A =400 m°

Attic floor U = 0.45 W/mCc
A=1 000 m

Ground floor U = 0.45 W/m=oc
A =1 000 m°

Ventilation losses: 0.33 n Vo

Office premises n = 0.8 ach
vV =8 100 m3

o
Basement n = 0.3 ach
vV =2 500 m3

o

Hot water consumption 80 000 kWh.

Operational efficiency of own boiler n = 75%.

Annual degree hour factor Q = 103 OOOOCh, and +22°C indoors.
Proposed measures, their effects and costs:

Replacement of burner: An = 5% points
Cost = Skr. 8 000

Adjustment of heating system:

. o
Aty = 0.5°C

Cost = Skr. T 500

Intermittent heating: AtR = O.SOC

Cost = Skr. T 000
Adjustment of ventilation:
(office premises) An = 0.1 ach
Cost = Skr. 6 000
Intermittent ventilation:
(office premises) An = 0.15 ach
Cost = Skr. 15 000
Recovery of heat, ventilation:
(office premises) An = 0.20 ach (100% recovery of

heat from 0.20 ach)
Cost Skr. 36 000
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Additional thermal AU = 0.26 W/m°°c
insulation of roof: Cost = Skr. 80/m2

)

Additional thermal AU = 0.58 W/m>c
insulation of wall: %6 = .05 meh

Cost = Skr. 300/m2 (full cost)

Conversion of windows AU = 1.0 W/mEOC
Cost = Skr. 300/m2

When the energy balance after the measures is calculated,
Method B in Seclion 3.13 is used for calculation of the
annual degree hour factor Q. According to this,

Q' = 125 000 °ch.

Assumptions for the economic calculations:

Discount rate: r = 6%
Rise in price of energy: q = 6% over the first five

years, after that

a = 2%.
Service life T:

Structural measures T = 30 years
Installation en-—

gineering measures T = 15 years
but replacement of

burner T = 10 years
but, adjustment of

ventilation T = 5 ycars
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Results:

A) Energy consumption before the measures: 896 000 kWh
annually.

B) Nominal savings.

45
KWH NOMINAL SAVINGS

560,000 ‘T ~ ADD\TIONAL THERMAL. |NSULATION OF WALL
— ADD{TIONAL THERMAL [HSULATION OF Roor
— CONVERSION OF WINPOWS
HEATRECOVERY FROM VENTUATION
ADJUSTMENT OF HEATING SYSTEM
ADJUSTMENT OF VENTUATION
INTER. MATTENT HEAT\NG
— INTERM(TTENT YENTILATION
—REPLACEMENT OF BURNER. | 2 .
E t — ~1r T
2} B gle] 15 26 NOMINAL-
CONSERVATION COST
SR /wwh

C) Possible savings.

%S

KwH POSSIBLE SAUNGS

500, 000 -+

—ADDITIONAL THERMAL INSULATION OF WAL

APDITIONAL. THE RMAL INSULATION OF RooF
—CONVERSION oF WINDows

—HEAT RECOVERY FROM VENTILATION

ARJUSTMENT OF HEATING SYSTEM
ADIUSTMENT of VENTILATION
INTERMITTENT  HEATING

INTER MITTENT VENTTLATlaN

N

-

o 5 10 15 20 POSSIBLE
CONSERVATION COST
SKR /wH
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Measure possible saving possible conserva-—

tion cost
kWh Skr/kWh

Replacement of burner 66 000 0.01

Intermittent ventilation 63 000 0.02

Intermittent heating 20 000 0.03

Adjustment of ventilation U1 000 0.03

Adjustment of heating

system 19 000 0403

Recovery of heat from

ventilation 80 000 0.0k

Conversion of windows 60 000 0.1l

Additional insulation

of roof 39 000 0:11

Additional insulation

of wall 9k 000 0.15

Comments:

The proposed installation engineering measures exhibit ex-—
cellent profitability and are ranked before the building
measures. Owing to the faect that initially the building has
very limited heating and ventilation equipment, the instal-
lation engineering measures are extensive.

The facades were considered not to be in need of renovation,
and for this reason the measure additional thermal insula-
tion of wall bears the full cost, i.e. facade cladding is
also included in the calculation. This results in the con-
servation cost of this measure being high, verging on the
unprofitable.

The composition of the combination of measures for this
office building is different from the combination for the
residential buildings, in as much as it is the installation
engineering measures which are the most profitable, and it
is also these which represent a large proportion of the con-
servation potential.

Wah Some conelusiono from the cxemples

The examples chosen show the way in which the method works.
The measures which are proposed as a result of calculations
are ranked according to their profitability up to present
energy price levels. After this ranking has been done, dif-
ferent combinations of measures can be made up and studied
on the basis of the required profitability and energy con-
servation targets.

Very far-reaching conclusions cannot be drawn from the figu-
res in the selected examples, as these are based on assump-—
tions concerning qualities and effects which axhibit consi-
derable variation from building to building. There is a
suggestion however that the composition of the packages
differs in the three types of buildings. In single family
houses it is the building measures which appear the most
profitable, in blocks of flats the building and installation
engineering measures seem to have about the same profitabi-
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lity, while in office buildings it appears that it is pre-
dominantly the installation engineering measures which are
profitable.

In all the example, in order that the profitability
attaching to additional thermal insulation of the facade
may be satisfactory, this measure must be coupled with other
work on the facade, so that the costs to be borne by the
energy conservation account may be marginal. Such other
work may, for instance, be facade maintenance.

Conversion of windows appears to merit inclusion in all com-—
binations of measures. This measure does not appear to need
coupling with other work on the facade, but can bear its
full cost.

S CONSEQUENCES OF ENERGY CONSERVATION IN THE FORM
OF A COMBINATION OF MEASURES

The composition of the combination and the effect and econo-
my of the savings made are determined by the properties of
the building. The right combination must be found for the
right building at the right time.

What is the right time is the most difficult to decide. Each
constituent measure in a combination has its own right time.
It is difficult to predict which of these times is the op-
timal one.

A combination may contain measures which should not, in
actual fact, be carried out immediately but at a later date,
It is found however that the extra expenditure due to bring-
ing a measure forward can be taken into account in the cal-
culations, with the result that, in spite of its being
brought forward, the measure is so profitable that it should
be included in a more comprehensive combination of measures.

The maximum calculated effect of a combination of measures
may be reduced if the measures taken are not carried out in
the right order and in the right way, or if the calculations
had been based on far too optimistic assumptions concerning
the effects of these measures. Obviously, the effect is al-
so dependent on maintenance and attendance being performed
in the normal manner.

Owing to economic optimisation, the combination of measures
will be larger when it is applied in buildings which are in
need of work for reasons other than purely energy conserva-
tion considerations, for instance alteration, renovation,
maintenance, repair of damage or modernisation. In such
situations the energy conservation measures are marginal,
and their full cost is therefore not included in the calcu-
lations. As a result, it is mainly additional thermal insu-
lation of external walls and replacement of windows which
yield good economy. At the same time, these measures have

a high conservation potential. One prerequisite is that
access to capital is unlimited.
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If energy conservation cannot be related to other work on
the building, it is likely that the combination of measures
will be smaller and will primarily concentrate on installa-—
tion engineering measures. This is accentuated in buildings
with comprehensive installations, such as offices.

The way in which work carried out on facades can be coupled
with comprehensive energy conservation measures is set out
in the figure below.

AGEING OF
Joidis 'y
FACADE

e

ReMovarior] [ v _J FEFLACE —

OF FACADE B Beacprs on e bt

S| G REATER. Atlide s W
SoPE

[REsEALING
OF FACADE

TE
NON - AlR - AGE NG oF
TIGHT FACADES

FACADES

The following types of work can result in comprehensive
energy conservation measures:

Conversion of building for technical or social reasons.
Work necessitated by ageing of facade, e.g. decay, loss
of rendering, damage due to weathering.

Renovation of facade due to ageing of facade.

Ageing of facade wich causes moisture in the walls,
which may result in window damage and replacement of
windows.

Lack of airtightness in the facade which necessitates
weatherproofing of facade.

Damage to windows which necessitates replacement of
windows.

ln the course of an inspection, it is therefore important to
ascertain whether the building is in need of major work on
the facade.

When the facade is damaged but not the windows, the energy
conservation account will bear the marginal cost of facade
insulation but the full cost of the windows. The cost of
facade treatment and scaffolding will be borne by the main-
tenance account.
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The situation is reversed if the windows are damaged but
the facade is not. The windows will then be included at
their marginal cost in the energy conservation account,
while the insulation and surface treatment of the facade
will be entered at their full cost. The cost of scaffolding
and some of the costs for the windows will be charged to
the maintenance account.

Calculations at combination level will then decide whether
both the measures "additional thermal insulation of wall"
and "windows", or only one of them, will be carried out.

This new method of approaching energy conservation in buil-
dings in the form of a combination of measures necessitates
changes in procedure, chiefly those carried out by public
authorities.

Inspection.

In order that a sufficient and sound basis may be provided
for an assessment of the composition of a combination, expert
inspection is required. This shall establish the structural
and energy status of the building. Structural examination
must include an assessment of the present and future mainte-
nance requirement of the climatic envelope, and the environ-
mental considerations to be taken. Such an inspection requi-
res competence in a number of areas. At present, there are
not enough people who possess such wide-ranging competence.
Inspection cannot therefore be carried out by one person,
and inspection teams must be formed and trained if work on
energy conservation is to begin soon. The involvement of a
number of people may also result in other advantages, such
as consultation.

Supervision.

When a combination of measures 1s carried out, the order in
which the measures are done is important for an optimum re—
sult. The measures must be carried out in such a way that

all potential conservation effects are made use of. Work
therefore requires supervision which is capable of evaluating
and coordinating techniques from several areas.

Information.

When a building has been subjected to an energy conservation
process, the property manager, operational staff and the
occupants must be supplied with the necessary information in
order to ensure that the desired result is achieved and main-—
tained during the remaining life of the building. Such in-
formation must thus be given not only in the beginning but
must be repeated at intervals, so as to ensure that the re-
quisite operational and maintenance measures are taken and
that the achieved energy conservation is secured.
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6. APPLICATION OF MINISYSTEM ANALYSIS AT MUNICIPAL
LEVEL

Minisystem enalysis has been employed ina current BFR pro-
Jject to develop models for the preparation of municipal
energy conservation plans. The model has been applied in
three municipalities in the west of Sweden, Stenungsund,
Kungsbacka and Partille. BFR report R144:1980.

When the method is applied at municipal level, the housing
stock is surveyed area by area and is grouped into building
types. About 40 building types are usually sufficient. The
energy characteristics for a certain area are determined by
sample inspections. The energy conservation potential is
then calculated for these building types as a function of
the conservation cost. The results can then be scaled up
area by area, due attention being paid to the distribution
of building types in the areas, and the areas are summated
for the municipality as a whole. The final results will take
the form of a curve which shows the conservation potential
as a function of the conservation cost. The shape of this
curve will @iffer depending on the composition of the hou-—
sing stock.

ENERGY CONSERVATION
POTENT WL

I 1 i N

¥ \

=
CONSERVATION cosr

-

The curve shows the fundamental relationship between the
energy conservation potential and conservation cost at muni-
cipal level.
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Te APPLICATIQON OF MINISYSTEM ANATYSTS AT NATIONAL
LEVEL

Minisystem analysis can be applied at national level in or-
der that, on the basis of appropriate statistics, the avail-
able energy conservation potential may be scaled up and an
assessment made.

The only appropriate statistics have been collected by the
Swedish Institute for Building Research SIB. These are ba-
sed on about 3 000 buildings whose energy characteristics
were determined by means of inspections. This material can
be scaled up by processing it in different ways, the compo-
sition of combinations of measures at building level being
carried out in the manner described in the foregoing.

Two alternative approaches can be chosen,

Method A: composition of a combination for each
building

Method B: composition of a combination for each
building type.

A. Composition of a combination of measures for each
building.

For each building in the statistics, an appropriate combi-
nation of measures is assembled, and the conservation poten-
tial of this calculated as a function of the conservation
cost. The results are weighted and scaled up, and after
summation the energy conservation potential for the country
is obtained as a function of the conservation cost.

Design of the combination of measures for each building is
performed on the basis of the data obtained during inspec-
tion, concerning

structural standard

installation engineering standard

need of facade renovation

cultural and historical aspects

any measures which have been carried out (1977).

Design takes place according to a formalised decision model
which is based on the principles described in this investi-
gation.

All processing according to Method A is performed in a com-—
puter.

B. Composition of a combination of measures for each building
type.

In this method also, the SIB statistics concerning the na-
tional housing stock are made use of. The 3 000 buildings
are grouped into a number of building types of similar ener-
gy standard.
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For each of these building types, a combination of measures
is assembled manually, due consideration being given to
building and installation engineering standard and the main-
tenance needs of walls and windows.

The conservation potentials of the combinations of measures
are calculated, and the energy conservation potential for
the dwellings in the country is obtained by weighting and
summation.



