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PREFACE 

The utilization of passive solar enerw has &come a more 
widely bown feature mong architects and building planners 
in the recent years. %he passive solar measwes do nomally 
not involve as many techical installations as active solar 
measures and are therefore easier adapt(.nble to traditional 
building design and the general apprehension of a building. 
However the passive solar measures widely differ in physical 
concept. In some cases they only call for extended emphasis 
on already comprehended features, in others they iwolves 
totally new thiaing. W passive solar measures is an inte- 
grated part of a building specificly of the themal envelow 
and the concept therefore owns up for many new interesting 
solutions, but also re~ires careful investigation of the 
impact on the themal balance and human comfort in the 
building. 
The purpose of this investigation is to focus on the possi- 
bilities of utilization of passive solar features in the 
existing building stock. The idea was to get an overall view 
of the utilization pssibilities, to compare the different 
measures and to exmine the constraint that might lhit the 
pssibilities. It is believed that the existing building 

stock has a great potential for utilization of passive solar 
enerq and introduction of this feature is an hportant step 
towards reduction of the consiunption of fossil fuelso 
The investigation has been funded by the Comission of the 

European Cornunities and carried out by the Themal InsuEa- 
%ion Edoratoq, Technical University of Demark, under 
contract EN3S-0038-DK (B), as part of the CEC Non-nuclear 
Enerw - Solar Enerw Progr e, The work has been carried 

out by Ole Olesen, Michael Mollgaard and Lars Olsen, civil 
engineers, M Sc. 

Bjarne Sadof, Project manager 
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In the last 10-15 years large savings in enesg consmptions 
for heating have b e n  achieved in Demark, The savings have 
primarily h e n  obtained by enerw consemation and changing 
to more enerw conscious hhits, There has only b e n  little 
emphasis on the use of passive solar measures, In many 
enerw rehabilitated buildings it is difficult to reduce 
enerw consmplion fufiher by consemation tecbiwes, but 
provision of passive sol= systems seems to have a large 
potential for further savings. 
Introduction of a new techoilow on khe market is always 
difficult. Passive solar systems inco rate an integrated 
functionality. The systems have to act bth as a building 
component and as a part of the heating system of the build- 
ing. This dual function makes the respnsibilities more 
difficult %o apply in a project. Hanufacturers of building 
component do nsmally not thi* in terns of more advanced 
heating systems and mechanical engineers desiwing heating 
systems do not nomally have e rience with design of 
buildings. 
Not only newer houses are in westion for passive solar 
utilization, but it is klieved that the existing building 
stock has a great pstenlial, 

se of this inveskigation is to focus on the gassi- 
bilities of utilization of passive solar features in the 
existing building stock. The a h  is to get an overall v i e w  
of the utilization pssibilities, to compare the d i  f f s r e w l  
measure's ability ts adapt &he existing building stock and 
to exmine the constraint khat might lhit the p s s i - h i l b -  

ties. As the passive solar measures are an integraeed par% 
of a building the concept therefore owns up for many n e w  
interesting solutions, but revires also careful inveski- 
gation o f  the hpact on the khemal balance and hman earn- 
fort in a building. 



In new houses passive solar features can veq easily be 
rated when considered in an early plaming stage. But 

mmy different passive solar measures can be applied in 
various extent to the existing building stock, The most 

hprtant are : 

- Changed window area. 
- Improved window constmction, &$%er glazing or 

mov&le insulation etc, 
- Attached sunspaces. 
- Solar walls, 
- Roof-space collectors, 
- Increase of heat storage capacity in building. 
- Reduction of the overshadowing effect. 

%he different measures vaq much in the rewirements to the 
building, installation and in the e cted knefits , 
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INT FOR ~ P E P C A T I O N  OF PASSIm SO S'SPGTmS 

One of the reasons for prfoming this iwestigation is to 
enlighten the most obvious physical constraint for intro- 
duction of passive solar features, The pu 

- Get a picture of the size of the lhiting eon- 
strainl in order to get an overall view of the 
physical pssibilities of utilization of passive 
solar energ in the existing building stock. 

- Encourage the most promising passive solar featur- 
es on the basis of their capacity to adapt to the 
existing building stock. 

- Look for constraint that might h elhinated in 
newer buildings or elhinated in existing build- 
ings if exceptions for e.go maxhuan building per- 
centage can be obtained. 

The physical constraint and pssibilities are v e q  much 
depnding on the propsed passive solar measures, In general 
the most hprtant are: 

- Constmctional. The existence of componenes and 
materials us&le for a proposed measure, The heat 
capacity e.g. in a building or part thereof is 
veq bportant for all passive sol= systems, Also 
stnctural problems can occur, when a measure 
rewires incemention of the stmctural function 
of a part of the building. 



- Rewired space in the building. For the measure 
itself and mayk hlonging ducts and storage. 

- Avail&le solar enerw, Orientation and oversha- 
dowing of usale facades and roofs. 

- The use of the building and espcially the use of 
the rooms in comection with the passive solar 
measures. 

This study has docused on the physical constraint but there 
are many more as e,g,r 

- bgislative (Energ plaming). 
- &chitectural. 
- Building presemation, 

9e93gislative restrictions can be: 

- Handatoq use of facade and roof linings. 
- laxduna built-up area. 
- Possibilities of eseaw in case of fire. 
- Distance to hundaq and streets, 
- Maxhm building height, 

Other factors that might lhit the introduction: 

- Lack of howledge. 
- Lbited eprience- 
- Resistance to unproven teebologies, 



The investigation has h e n  carried out in the following 
steps : 

Mfining parameters to be investigated. 
Selecting of smple. 

- Gaining accept from id&itants or omers to carq 
ou& the inveszigation. 

- Investigating and collecting data. 
- Wnalyzing collected data. 

For the collection of data it has h e n  neceasaq to get 
infomation from various sources: 

- Deposited building plans, 
- Heat inspection reprts* 

On-site inspctions, 
- Photos taken on-site. 

In order to do the collection of data in a systematical way 
standard Eoms have k e n  used for all buildings: 

- A main fom containing all. reLevan$ infornation on 

geowetq, enerw use etc. gkhppndix A). 

- A photo fom containing data extracted from the 
photos taken (Appndix B). 



For the handling of data vmious computer progrms have h e n  
used o 

- A spread sheet progrm with the two standard foms 

hplemented. 
- A photo transfoming progrm for transfoming the 

photo data into us&le infornation. 
- Various progrms for extracting and comparing data 

from all the investigated buildings. 
- Progrm for calculation of the amual heating 

repirements and savings for the various measwes. 

All computer progrms have k e n  spcially made for this 
project. 

One of the pu ses of this project was to analyze the cal- 
lected data statistically defining tmical buildings, which 
should be the basis of a desip study of application of the 
different passive solar options, It has however been chosen 
to investigate all the buildings in the smple because: 

- The n r of investigated bui gs 67 (I74 house- 
holds) is a little smaller than 

- Definition of tpical buildings is veq difficult, due 
to the vuious n r of poss*le definitions. 

- When analyzing the collected data, the use of a compu- 
ter made it fairly easy to find evidence of possible 
application 08 the diff nt passive solar measures and 
also to calculate the e cted wrfomances for most of 
the features, 

The result is a wider investigation than originally ahed 
for, haring in mind that the analyzed material only con- 
sists of the photos and data collected in the standard 
foms. No additional infornation has h e n  collected to make 
case studies, 



3 ,  SELECTION OF S 

The aim has k e n  to to select a group of buildings which fit 
the urban building stock in mmark by terns of dwelling and 
age. The buildings have h e n  divided into thee dwelling 

Single faily dwellings, 
- Terraced and Bow rise, high density buildings. 

Multi-storey buildings. 

0n the basis of the main features of Danish building tradi- 
tion the buildings have h e n  divided by age into four groups: 

mneral statistic material has been obtained for the surrrrey 
area; Copnhagen and northern Zealand, This covers ut a 
third of all households in &mark. 

STATISTIC UTERI= : 

Cop&agen and northern Zealand 
N r of households t 697214 



Pig P : N r and relative n r of households 
in different age and dwelling categories 

A group of P03 buildings covering ut 230 households have 
b e n  selected from the central heat inspection =chives for 
investigation as &he -chives contain valudle infornation 
regarding insulation and heating source. The archives are 
regarded as fully representative of &he total statistic 
material. 



The on-site investiga%ion has h e n  necessaq for registra- 
tion of infomation which could not be gathered from depo- 
sited planse This supplementing infomation regarded: 

Window constmstion, Glazing m d  overhang, 
Visual evaluation of solar facades and roofs 
(facades and roofs that might be suit&le for 
application of passive solar measures), 

- messhadowing of solar facades and roofs. 

The investigation has called for outdoor access to each 
proprty and it has therefore h e n  necessaq to obtain p r -  
mission from omers/ifiaP.>it~ to do so, even though the 
investigation dibql call for any participation or cause any 
inconvenience for the ifi&i&ands, 4L letter with enclosed 
stmpd ad&essed envelop was senL to each omer asking for 
this pmission. In the letter was also a revest for per- 
mission to pdlish pictures of the building and some minor 
hwrtant qyestions regarding use of window covering, 
The descrikd procedure had some problems which caused a 
relatively small n r of replies, The saanple of buildings 
had prior h e n  selected from the heat inspction =chives 
&cause these heat inspction reprts contain some infoma- 
tion regarding installed heating t esthated annual 
heating revirement and esthated savings of proposed pst- 
insulation. But because elkis central heat inspction is a 
fairly new procehre in Mmark and usually only prfomed 
in comection with house sales unfortunately many of the 
buildings had changed owners causing problems of ad&essing 
%Q the right prsonse This problem is considered purely as 
local Danish and Cemporaw. 



The sumey qestiomaire is the main sheet for gathering the 
infornation of interest in a systematical way. In appndix A 
a filled-out dom is presented, with data from m exmple 
chosen together with coments on the different infomation 
in the sumey g~raestiomaire, The suwey westionnaire con- 
tains infornation concerning: 

Basic shap and orientation of the building. 
Facade, window and living areas etc. 
Infornation regarding wall and window eonstrpac- 
tion . 
General data; Ad&ess, omer and omer t etc , 

- mershadowing effect of investigated facades and 

roof S. 

The infomation is gathered from various sources2 

- &posited plans. 
- On-site investigations. 

Heat inspction rep=,  
Result of photographic investigation 
(On-site investigations). 

- Reply letter from ifiditants, 



I n  o rde r  t o  de tern ine  t h e  overshadowing e f f e c t  from neigh- 
b r i n g  obs tac les  on a facade o r  roof a photographic method 
has b e n  developed. T h e e  p i c t u r e s  are taken i n  f r o n t  of a 
facade using a s g e c i a l l y  made e m e r a  mrangement. 

F ig  2 .  Cmera xrangement 

16 mm f i s h y e  lens 

b g n i f y i n g  glass 

Clock/data 

S u r v e y  no. 

indicator 

Scale Gwnpar;s 

T r i p o d  leveler 

keve l s 

The m a p i f y i n g  g l a s s  secures  t h a t  t h e  clock,  t h e  sumey 
er and t h e  compass are i n  focus. The l e n s  is  a 16 m 

fish-eye,  f /2 .8 which encompasses 86" hor i zon ta l ly  and 128" 
v e r t i c a l l y ,  



Fig 3 -  Photo of &he cmera arrangement 

Procedure for the photography: 

- The cmera i s  placed centrally in front of the 

facade at approxhately 1 m from the wall and 
%eveled. The height of the cmera ve the ground 
and the distance to the facade is measured and 
recorded, 

- The fom for the photo sumey is presented in 

appndix B, The @=era is directed pe ndiculmlg 
to the facade using a pole placed away from $he 
cmera (at the corner of the house) but at the 
s m e  distance to the wall as the cmera. 

- Tbee pictures are taken; one pe ndieular to the 

facade and the two okhera at O and -60-0 

this directisn, 
Approxhate distances to major objects and the 
t O$ trees are recorded on a small plan &aw- 
ing. The trees are divided into two t 
ous and evergreens) &cause the overshadowing 
caused by deciduous trees is depnding on the 
season, 



Pig 4. The photo set-up 

middle of 
Height of c m  Height of cmera I I \  

Distance to facade 

Pig 5. Exmgle of S 



The uppr past sumey photo Fig 5. shows the overshadowing 
obstacles and the lower part contains infornation on the, 
data, sumey/picture n and orientation, 
It is the science it pays off to have the propr 
ewipment ; ndard foms, good measurement band and the 
cmera mounted on a f i n  tripd with adjust&le scale, The 
used cmera arrangement is not standard and had to be esp- 
cially made. The tripd used is a solid s ey tripd as a 

was found to be too unst&le, 
d method has proved to be vem efficient. The 

whole procedure does not take more than 10-15 min per 
facade , 

Trmsfoming pictures into eompasdle data: 

The pictures are projected do= on an overlay chart in the 
photo fom, This cham has a grid with a distance htween 
the lines of 15' horizontally and 5' vertically. The chat 
is made so it takes the optical transfomation of tPLe caera 
Lens and projector into account, The photo %om is shoved in 
appndix B and the transfomation is accounted for in appen- 
dix C ,  For each reelanplar enclosure in the grid and with 
help of the plan cPrawing the prcentage overshadowing is 
recorded togekher with infomation on the approxhated dist- 
ance to the object and a code if the object is a deciduous 
tree. With this QReasure some of the infomation in the pic- 
tures is lost, but it has hen necessary to reduce the vast 
n r of infornation withheld in a picture in order to have 
a managedle n er of data, This way each facade rewires 
recording of 312 real rs and B56 tree codes, O f  cause 
this sounds of much but by use of filled out standard foms 
and repaters it generally does not require more than 20-30 

ers to h recorded. The spration only takes mound 
10-15 mine 



Pig 6. Set of sumey photos projected d o m  on overlay 

chart with grid. 



Trmsfomation sf data: 

For each facade all the picture data is bplemented on a 
computer using a spread sheet progrm. Again filled-out 
standard foms and repaters are used which make the opra- 
Lion v e q  easy, A filled out fom is listed in appndix B, 
How the data can be handled in various ways. The k s t  thing 
would be to make amual shulations of the solar irradiation 
and the svershadowing effect on the building- Hayh even for 
each window or part of a facadeo But as the project deals 
with many kinds of passive solar measures it has k e n  chosen 
to reduce all the overshadowing data Eo one cornparale fac- 
tor for each investigated facade or roof. Emin Petersen 
(ref 6) has investigated the relative reduction of solar 
gain Fs in the heating season tbough a dodle glazed window 
for a facade oriented south, west, east, south +/-30' and 
south +/-GO" The result of this investigation is 7 solar 
charts each showing the relative reduction for obstacles in 
the directions Wtween +/-go0 horizontal and Q'-45' verti- 
cally- Each rectmgylar enclosure covers 30' horizontally 
md 5' vertically, Fox a particular overshadowing profile 
the wrcentages in each overshadowed area is s arized and 
the result gives the overall overshadowing effect (1-PS), 
This solar reduction factor Fs is in this investigation 
a s s u e d  to give a veq ggod indication of the overshadowing 
effect on the efficiency of any proposed passive solar 
measure. 
In order to exclude the hpact s f  the cmera psition a 
spcially developd made computer progrm for tr 
the overshadowing data is used, The cmera height 
ground, the distaarnee to the facade and the height to the 
middle of the facade or roof is used for $his correction, 



The result indicates the overshadowing profile or data from 
int at the center of facade or roof. The features of 

this transfomation program are listed in appendix D. 
For each solar facade and solar roof this correction have 
h e n  made and the solar reduction faetor PS calculated, For 
solar facades in multi-storey buildings Fs have k e n  cal- 
eulaked for each storey, 



As mentioned &bore most of the passive solar measures are 
m integrated part of a building and its compnents, Eveq 
solution must therefore individually adapted to each 
building. Conseqently the cost and constraint of a parti- 
cular so%u&ion will v a q  from building to building m d  so 
will the e cted hnefits. It is therefore vem difficult 
to evaluate a. paticular solution on a neutral basis. In 
order however to treat the gathered material in a systematic 
way, it has k e n  chosen to set up in a veq shple way some 
prelhinaq topics of evaluations for the different passive 
solar measures : 

Rewirernewts : Physical revirements and presence of con- 
ditions, which can invite to the use of 
this particular measurement. 

eonstmetion : Problems regarding installation, 

Other : Wcurrence of other constraint. 

Investment o Bpprcoxhated cost of installation m d  main- 
tenance. 

Each suggested passive solar measure has h e n  evaluated 
according to these topics using veq shple terns, 



7-1. HODEPIED WImOW CONSmUCTION 

There is a great n r of opprtunities to choose from with 
this action. The cost and bnefits can widely differ. 

"B1.1, Adding an extra layer of glass to existing con- 
stmc tion 

Reguirement t - One or two layers of glass in existing 
construction. 

Constmction: - Nomally no problems. If an extra layer 
is installed on the inside, a proper 
sealing is necessaq to avoid conden- 
sation problems. 

Other t - Manageiable. Can look appalling on esw- 
cially older buildings, 

Investment t - Small compared with other measmes. 

7,f.Z Replacement of old window consemction with new 
sealed unit with selective coating a d  filled with 
a spcial gas. 

Rewiremen% : - One or two layers of glass in existing 
constmction with no pssibility of 
adding an extra layer of glass. 

Csnsdmction: - NomakLy no problems. 
Other : - HanageAle. Replacement dodtful in 

older nomal recidential houses from an 
esthetic pint of view, 

Investment t - Big. 



7.1.3. Increase of southerly orientated window area 

- 
Construction : - 

Other 

Investment : - 

Total area of southerly, westerly and 
easterly orientated windows less than 10 
% of %otal living area, 
Little overshadowing. &ershadowing of 
propsed placement is suggested to be :: 

PO % : Very good. 
10 - 20 % : Good. 
2 0  - 30 % : Doubtful. 

> 30 % : Bad. 
Upper limit. The total area of souther- 
lyB westerly and easterly orientated 
windows greater then 20 % is not expec- 
ted to increase the benefit further. 
Meat balance of windows better than the 
wall it should replace (see appendix E), 
Available useful facade area. 
Good heat capacity of building. 
Big problems, because the measure nor- 
mally requires intervention of the 
structural function of the building. 
Overheating, increased insight and 
architectural. 
The action is probably only recommend- 
able in the case where the measure does 
not require intemention of the structu- 
ral function of the building. 
Big. 



7.1.4, Reduction of northerly orientated window area 

Requirements : - Total area of northerly orientated win- 
dows greater than 10 % of floor area. 

Construction : - No problems, 
Other : - The measure will reduce natural light 

and in this connection the human comfort 
in the affected room. 

- Windows are an important part of the 
fire escape routes in a normal Danish 
recidential house, There must be one 
escape route to the exterior form each 
room. Reduction of windows can only be 
done if the fire escape possibilities 
are still maintained. 

- The measure is only recommendable in 
rooms which either have great window 
area or secondary functions. 

- Much better solutions : 
- Movable insulation. 
- Translucent insulation. 

Investment : - Medium 

p- - 

7.1 ,5 .  Reduction of window area in greatly overshadowed 
facades 

Requirements : - Window area greater than 10 % of floor 
area (Danish Building Code). 

- Heat balance of windows worse than a 
replacing wall (See appendix E). 



Construction : - No problems. 
Other t - Fire escape possibilities must be main- 

tained. 
- If a facade is greatly overshadowed the 

rooms behind it probably need all the 
light they can get to maintain a good 
human comfort. 

- Probably only recommendable when adjoin- 
ing rooms have a secondary function. 

- Much better solutions : 
- Removal of obstacles causing the 

overshadowing (vegetation). 
- Increase of the heat resistance of 

the windows. 
- Movable insulation, 
- Translucent insulation. 

Investment : - Medium. 

- 

9 . 1 . 6 .  Use of insulated window shutters 

Requirements : Suitable window construction. 
Construction : Difficult. 
Other - Only for dwellings, Requires manual con- 

trol (daily in the winter time). 
- Fire hazards must be solved. It must be 

possible to open both window and shut- 
ters from the inside. 

- Esthetic constraint. 
- Condensation problems with inside shut- 

ters, Must be tight, which is difficult 
to obtain. Inside shutters are not gene- 
rally recornendable. 

Investment : - Big. 



7,2, ATTACHED SUNSPACES 

Attached glass house or glass covering of balconies. 

Requirements : - 

Construction : - 
Other : - 

Investment : - 

Southerly orientated facade (+/- 45"), 

Free area from facade : 
1 - 2 m : Small attached sunspace. 
2 - 5 m : Normal size. 

5 m : Large. 
Overshadowing: 

g 25 % : Good. 
25 - 35 % : Reduced benefits. 

Room behind: 
- Living room very applicable. 
- Sleepinglworking room is less good. 
Big height of facade is an advantage as 
the slope of the glass roof must be 
greater than 25' to avoid snow problems. 
Existing door in facade is an advantage. 
Legislative restrictions. Maximum built- 
up area. Fire escape must be possible. 
Overheating. Proper ventilation and sun 
shading of sunspace must be possible. 
Condensation. Avoid unheated rooms in 
connection with glass house. 
Secondary benefits : 
- Extended living area in greater parts 

of the year, 
- Building preservation. Protects old 

facade and windows, 
- Might be used instead of additional 

glass covering of windows. 
- Very usable as greenery. 
Medium. 
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7.3. SOLAR WALLS 

General 
requirements : - Available area on southerly orientated 

facade. 
- Orientation from south : 

O0 - 30' Good 
30R - 45" Less good 

- Overshadowing : 
< 20 % Good 

20 - 30 % Less good 
> 3Q % Bad 

7.3.1. Mass walls 

Requirements : - Facades of concrete or brick. 
- Uninsulated wall or wall with possibili- 

ty of easy removal of existing insula- 
tion. 

Construction : - Complicated. 
Other - Mass walls accumulate heat during the 

day and supply the adjoining room during 
the evening and night. This makes normal 
recidential houses the most adequate 
because they are used at this hour. 

- Can be an alternative to additional 
insulation of an existing wall. 

Investment : - Big. 



'9.3.2. Ventilated solar walls 

Requirements : - Insulated wall of light construction. 
- Large heat storage capacity of adjoining 

rooms or possibility of making separate 
heat storage. 

- Not too big southerly orientated window 
area. 

Construction : - Very difficult. 
Other r - Automatic or manual regulations of ven- 

tilation louvers to prevent overheating 
and heat loss during night, 

- Problems with dirt on absorber. 
Investment : - Very big. 

7.3.3 Trombe walls 

Requirements : - Wall of concrete or brick. 
- Uninsulated wall or wall with possibili- 

ty of easy removal of existing insula- 
tion. 

Construction : - Complicated. 
Other : - The Trombk wall supplies the adjoining 

room during the day like the windows as 
well as accumulates heat for the night, 
The measure is therefore suitable far 
normal recidential houses with little 
southerly orientated window area. 

- Problems with dirt on absorber, 
- Can be an alternative to additional 

insulation of an existing wall. 
Investment : - Big. 



7.4 .  ROOF-SPACE COLLECTORS 

Requirements : - Southerly orientated roof with tilt 
greater than 20'. 

- Unutilized roof space. 
- Airspace between insulation and roof 

covering. 
Construction : - Complicated. Space for air ducts and 

heat storage must be possible. 
Investment 2 - Big. 

7.5. INCREASE OF HEAT STOMGE CAPACITY 

Requirements : - Small thermal inertia of building. 
- Large westerly, southerly or easterly 

oriented window area. 
Construction : -. Complicated because additional concrete 

or brick walls or floors must be con- 
structed and adapted to the existing 
construction of the house. Alternatively 
can e.g. phase change materials be used 
for heat storage. 

Other : - In construction of Trombe or mass walls 
without using an existing facade, the 
concept of increasing the heat storage 
capacity is automatically involved, 

Investment : - Strongly case dependent. 



- --.-p 

7.6. REDUCTION OF THE OVERSWADOWING EFFECT 

Requirements : - Greatly overshadowed southerly oriented 
facades or roofs, which can be or are 
being used for passive or active solar 
measures. Suggestion; Solar reduction in 
the heating season (Oct.-Apr.) greater 
than 25 % and large existing window area 
or another proposed passive solar 
measure. 

Construction : - Immediately it seems to be physical very 
easy to cut down trees and weed) but 
there will be problems with the concept 
of private property. It is unlikely to 
assume that neighbors will welcome this 
solution unless legislative measures are 
implicated. 

: - Individual investigation of reduction 
possibilities in cooperation with inha- 
bitants is necessary. 

- Cutting down or pruning trees and weeds 
is likely to be the only realistic corn- 
mon procedure. 

- Trees and weeds give shelter from the 
wind and thereby reduce the heat loss 
from the building. Cutting down or prun- 
ing of trees and weeds must therefore be 
done with great care not to obtain the 
wrong effect. 

Investment - Negligible, 

Other 



7.7. ACTIVE SOLAR MEASURES 

In order to compare the passive solar measures with other 
measures which might limit ener- used for heating, %he 
investigation has also to some extent implemented some 
active solar measures and the concept of additional insula- 
tion. This has only been done shallow. 

General 
Requirements : - Southerly orientated sloping roof 

- Orientation : 
0° - 30' Good. 
30' - 45" Less good. 

- Tilt : 
30° - 45O Good. 
45' - 60° Very Good. 
60' - 70' Good. 

- Overshadowing : 
5% Very Good 

5% - 15% Good 
15% - 20% Less good 
20% K Bad 

Construction : - Possible placement on existing roof' 
construction and roof covering. 

Other : - Legislation. In some areas solar collec- 
tors on roofs are not allowed, because 
they are said to cause unacceptable sun 
reflections. 



7.7.1. Small domestic hot water systems 

Requirements : - Normal recidential houses. 
- Available room for smaller storage tank, 

water pipes and pumps etc, 
Construction : - 1-1.5 m2 solar panel per inhabitant 

- 40-70 1 storage tank per inhabitant 
Investment : - Big. 

7.7.2. Domestic hot water and space heating systems 

Requirements : - Individual heating system. 
- Available room for big storage tank, 

water pipes and pumps etc. 
Construction : - Complicated 

- 5-10 mholar panel per 1000 l oil used 
before. 

- 50-75 1 storage tank per m2 solar panel. 
Investment - Very big. 



7.7 .3 .  Large building block systems 

Requirements : - 

- 
Construction : - 

- 

Investment : - 

Multi-storey buildings, row houses or 
houses in groups, in order to have short 
distances between collectors and storage 
tank, 
Room for v e q  big storage tank, water 
pipes and pumps etc. 

Complicated. 
Solar panel area eq. to 5 % of the total 
living area. 
Short term storage : 

Storage capacity covering of 10-20 % 

of the total living volume. 
Annual storage : 

Storage capacity covering 1-2.5 times 
the total living volume. 

Very big. 

7.8. POST-INSULATION 

Requirements t - Uninsulated or poorly insulated con- 
struction. 

Construction : - Unutilized roof space or hollow facade 
construction : Very easy. 
Other : Fairly easy. 

Investment : - Medium, 



8 .  SELECTED S 

Prom the heat inspetion archives a smple of buildings was 
selected approxbately representing the relative n ae of 
households categorized by age m d  dwelling t 

r of letters sent to omers : 

r of investigated buildings : 

[Impssible to regain contact with one omes) 

r of households in investigated buildings: 

different categories and the corresponding 

There have h e n  some problems with categorizing the dwelling 
Some of the fmily dwellings have later on k e n  defined 

erraeed buildings &cause they are ifnhabited by more than 
owe f m i l y .  
The selected smple can be considered as a fairly acceptable 
representation, when the small n r of investigated build- 
ings and depndency of positive omer replies are taken into 
account, 



In general the relevmt data for an examination of the uti- 
lization of a speifie passive solar measure is extracted 
from the main fom according to the different rewirements. 
The analyses have in some cases called for some prsonal 
estbations and assmptions due to insufficient infornation 
and individual character of buildings and suggested passive 
solar m@aSUr@s. 
For all the buildings the arnnual heating reguirement in the 
heating season has h e n  calculated using a standard method 
for residential houses (Ref 7). For some passive solar 
measures the anticipated savings have been calculated using 
the same method. This method has required some assumptions 
which are listed in appendix F. The savings referred to in 
the following chapters are the savings of the heating re- 
quirement in the heating season (Oct.-April), For suggested 
measures which have a more complicated impact on a building 
e.g. attacked sunspaces, solar walls, roof-space collectors 
and the active solar measures the savings are estimated in 
reference to other investigations. 



r of investigated buildings S 6-7 

N r of households in investigated 
buildings S 1-74 

er of households omed 79 

N r of households rented e 95 

Floor area : 

Total living area 
(incl. basement and attic) e 20758 m" 

Average living area per household S 119 m2 

Heated basement area @ 4187 m" 

Heated attic area S $280 m" 

Comercial area a 727 m" 

Calculated average heak loss in the 
heating season per living area t 138 k ~ u d  

Asswed average heat gain from persons 
and household in the heating season per 
living area @ 

Calculated average heating rewiremend 
in the heating season per living area : 



Fig 8. Average heat loss distribution. 

WINDOWS WALLS ROOF FLOOR B A S B Y B N T  V B R T l W T l O N  

Fig 9. P r h a q  heating source 

N r of buildings 

E) Fuel oil, central heating 

2) Gas, central heating 

3 )  District heating (coal and gas) 
4) Kerosene 
5) Electricity (coal and gas) 

Source 



Facades t 

Total facade area 

Fig 10.  Constmction of facades 

mter leaf R Cavity R Inner leaf 

Brick, - B 

Brick, Air B 

Bxick, Insulation I 

Brick, Insu%ation B 

Brick, Air o 

Brick, Insu%ation U 

Brick, Aerated concrete B 

Aerated concrete, U 

Aerated concrete, InsuPation, 
Aerated concrete, Air U 

masd, Insulation B 

M u d ,  Insulation I 

Board, Air o 

ering, Insulation B 

Brick 
Aerated concrete 
Brick 
Aerated concrete 
rnmd 

- 
Board 
Brick 
mard 
Aerated concrete 
Board 
]Board 



Infornation concerning facade t p e  has only k e n  recorded 
for solar facades. For the rest of the facades of a building 
the t is asswed to be the sme. For buildings with no 
sol= facades and csnseqently no recording of facade t 
the .$ is assmed to be t no, 2) or 3) depnding on 
age of the building. 

Fig If. mershadowing sf investigated solar facades 

U e a  % (of total investigated solar facades;), 

Objectives - N r of investigated facades : P 72 

&ea of investigated facades r 3x67 w2 

Average (by area) overshadowing 
effect of facades : 28 % 

Fs is the reduction factor for sol= irradiation, Fig 1%- 
shows that a great n r of facades is v e q  overshadowed. 
Almost 60 % of the investigated facades have overshadowing 
effect which can be descrihd as less good or bad for appli- 
eation of passive solar measues, 



Fig 12. Average overshadowing effect for the facades 

of buildings in the different age categories. 

Fig 12. indicates that facades of newer buildings in general 
are less overshadowed than facades of older buildings, 



Pig Average overshadowing effect for the facades 
of buildings in the different dwelling eate- 

gories , 

Welling 
eategoq 

1) Single fmily dwellings. 
2) Terraced m d  low rise, high density buildings, 
3) Hulti-storey buildings, 

Fig l3 shows no sipifieant depndency htween the over- 
shadswing effecB and the dwelling t 



Total window area O S 2087 ma 

Total window area per total living area r 18.P % 

Fig 14. Distr&ution of oriewkation 

SOUTH WEST EAST Orientation 



Fig 15. Vindow constmetion t 

Window $; t 

1) One layer of glass, 
2) 2 layers a 
3) 3 layers 
4) 2 layers, coated, 
5) 3 layers, coated. 
6) 2 layere, one of them a stom window. 

3 layers, one of them a stom window. 



Fig 16, Heat balance of windows in the heating sea- 

son, 

LOB 

324 

Eeat gain 

from solar 
irradiation 

Heat 

S O U T I ~  WBST N O R T H  EAST TOTAL Orientation 

Fig 17. Heat balance for windows, ~ositive/~egative 

Window area 
with p s i t i v e  
heat balmee 

0 

I0  

2 0  

30 

44l Window area 
50 
60 w i t h  negative 
70 heat balance 
80 

90 

loo 

S O U T H  WEST tioRTn EAST Orientation 

Fig 16. and 17, show t h a t  almosa; none of the investigated 
windows at the present have a positive heat balance i the 
heating season. 



9,2, MODIFIED W 1  W CONSIFIPUCTION 

There have h e n  looked at six different measures. 

9,2,31, Addition of an extra layer of glass to an existing 
one layer constmckion. 

Objectives - All Buildings with one layer of glass in the 
existing window eons%mction. 
N r of buildings found : 2 

H%seea / total mea of windows 23 % 

Pnvesrnent - Little. 
Benefits - Calculated to an average saving of 29 % p r  

building involved, which is an overall saving 
of 6 %. 

9-2-2, Addition of an exkra layer of glass to existing 
one or two layer constmction, 

Objectives - All buildings with two layers of glass or 
less in the existing window constmetion, 

er of buildings foasrnd : 7 64 

U e a  / total area of windows 96 % 

Investment - Little. 
&nef its - Calculated P;o an average saving of 12 % p r  

building involved, which is an overall saving 
of 11 Pr ,  

Economy - Bedim. Case depndent, 



Pig 18, Beat balance of all windows in the smple 
after addition of m extra layer of glass %o 

64 buildings. 

I Window area 

m 
10 

0 

10 

20 

XI 

&l 

50 

W 

10 

m 
B0 

10Q 

SOUTH WBST WORTH BltST TOTAL 

heat balmce 

Window area 
with negative 
heat balance 

Orientation 

Fig 18. shows that the southern orientated window area with 

positive heat balance is increased from 0 . 5  to 1%,2 %. 

khegical calcuPations have also h e n  wade to investi- 
gate &he effect if a11 window of the investigaled Buildings 
where replaced of a t h e e  layer collastmetion. This shows 
that a 14 O overall saving can be obtained, 



9*2,30 Replacement of old window constmction with new 
sealed unit with selective coating m d  filled with 
a spcial gas, 

Objectives - All windows in the 67 buildings. 

Inves-ent - V e q  big. 

&nef it - Calculated to an overall saving of 16 %, 

Economy - Case depndent 

Coments - This is a purely thetical calculation to 
show the ptential. It is not likely to as- 
s u e  that such a measure can h obknined. 
Other measures wikk prob&ky come in$o vest- 
ion first. A total replacement will take may 
years, &cause the most economical procedure 
would be to replace an old constnctiow which 
is themally accept&ke only when it is worn 
out. 



9 . 2 . 4 ,  Increase of southerly orientated window area 

Objectives - Only one building in the selected smple has 
ben found to have a psitive heat balance of 
$he southerly orientated windows, It has 
therefore h e n  chosen Lo look u p n  an in- 
crease of southerly orientated windows in 
eomection with a replacement of the old 
window constmctiow to a new sealed unit with 
selective coating and filled with gas. A 

visual evaluation of photos and deposited 
plans has h e n  used as the basis of a p s -  
sible application of this measwe. 
N r of building found adevate t 23 

Window area / total southerly 
window mea r 24 '% 

Increase of window uea : I O - I W  % 

Average increase of window area r 112 % 

Inves%nrment - Veq big. In nearly a11 the buildings khe 
measure would rewire intemention of the 
stmctural function of the building. 

Mnef it - An average saving of 9 % of the buildings 
involved has h e n  calculated. This is a 2 8 

overall saving, Of this one half is due to 
replacement of the window constmction and 
the other half due to increase of window 
area, 



Fig 19. Heat balmce of all windows in the smple 
after increased mea a d  changed eonstmction 
of 23 buildings. 

~ositive/~egative, b e a  % 
60 

fM 

80 Window a e a  
30 with psitive 

heat balance 

Window area 
with negative 
heat balance 

SOUTE WEST NORTH BAIT 

Fig 19. shows that the total aea of the windows with a 
psitive heat balance is inereased from 0 - 5  to 12*2 % when 
23 buildings; have increased southerly area together with 
changed constmction. 

Eeongsq - It seems that this measure is not econ~mieal 
feasale in m y  of the investigated buildings 
as the iwvesment will be veq big. It will 
only be reeomended in cases where the in- 
crease of the window area does not rewire 
intewention of the stmctural fmction sf 

the building. 



-- 

9 .2 .5 .  Reduction of northerly orientated window area 

Objectives - By careful study of dewsited plans a reduct- 
ion of the northerly orientated window is 
only pssible for vew few buildings. 

-nef it - Calculated savings have ben found to be 
negligible, 

9-2.6. Reduction of window area in greatly overshadowed 
facades . 

Objectives - N r of investigated facades 72 

Wea of investigated facades : 376% m" 

Fig 11, page 36 shows that a great 
facades is greatly overshadowed, But in de- 
fiance of this, exmples of possible reduct- 
ion of $he window area have h e n  v e q  hard to 
find, In the few cases where it might be 
pssible other solutions such as hproved 
window constmction seem more suitdle, 
The conseqence is that no facades have Wen 
found where a reduction of the window area is 
suggested. 



- - -  - 

9.2.7, Use of insulated window shutters 

Objectives - N r of buildings found suithle for in- 
stallation of insulated shutters : 52 

&ea of windows ptential for 
installation / total window mea : 48 % 

Wnef its - If shutters with %Q cm insulation are instal- 
led and used in the night t h e  m average 
saving of 12 % is calculated for the build- 
ings involved. This is an overall saving of 6 
%. 

Fig 20. Beak balmee of all windows in smple after 
installation of insulated shutters ts 52 
building. 

I Window area 
with psitive 
heat balance 

Window area 
with negative 
heat balance 

S O U T H  WBST NORTH E A S T  TOTAL Orientation 

Fig 20 shows that the total a e a  of windows with psitive 
heat balance is increased from 0 .% to 24 - 3  $ by using in- 
sulated shutters on 52 buildings. 



N P of southerly oriented facades : 85 

Total area of southerly orientated facades: 3736 .ma 

rs of facades fomd pssible for 
application of attached sunspaces e 39 

(Of these 16 have reduced benefiks due to 
great overshadowing). 
Wea of facades found pssible for 
application of attached sunspaces / total area 
of southerly orientated facades e 39 % 

era of facades found pssible for 
application of attached sunspaces 
on balconies ea 

a I 

Wea of facades found pssible for 
application of attached swspaces on balconies 
/ total area of southerly orientated facades: 4 % 

According to the case study page 69 m d  Ref 9 the 
relative savings obtained in the heatiing season are 

cted %o be v e q  small 

Small sunspace : 

Large sunspace : 

Veq large snnspaee : 



N r of facades m t  usdle for ag?lplication 
of attached aunspaces : 42 

W e a  of facades not usale for application 
of attached swspaces : 2376 

Reason t N r W e a  r Rel, t 

I) No space 23 1069 68 % 

2) Too great 
overshadowing 21 942 60 % 

3) Ascchitectwal 4 E08 6 % 

4) Already ewiseence 

of suspace 3t 30 2 % 

Some of the facades have more than one season for nok 
k i n g  ushle for application of attached sunspace. 



Total n r of investigated walls 

Total a e a  (without window area) of 
inves$iga$ed walls 



9.4.1. Mass walls and Tro walls 

Objectives - Ei r of facades with solid walls 
found pssible for application of Mass 
or Tro walls r $1 

&ea / total investigated mea :: $8 % 

&ea / total southerly area : 14 % 

Of this 5 of the walls will have somewhat 
reduced bnefits due to overshahwing m d  

orientation. 
For most of the facades application is com- 
plicated by the windows in the facade, It 
seems that the multi-stow buildings have the 
lmgest continuous eea for possible use. 
mother t of wall which might be suitdle 
for Mass and Tro walls is the cavity wall. 
This will rewire a relatively larger invest- 
ment for filling up the air space between the 
imer and outer leaf with solid material, 

N r of pssible cavity walls 
found : 17 

h e a  of pssible cavity walls 
found / total area investigated : 13 Z 

&ea / total southerly area r 10 % 

Of this 8 of the walls will have somewhat 
reduced hnefits due %o overshadowing and 

orientation. 



B n e f i t s  - The hnefits will be strongly case depndent, 
According to R e f  9 the relative savings in 
Lhe heating season is expc ted  to .be approwi- 
mately 1 W  kwh/rn2 wall. For the walls inves- 
tigated this is an average saving around 5-10 
% of the rewiremen% for hsaking, 

Economy - With exception of a few facades most sf the 
facades have $0 little area and too many 
eons&mctbonal problems mostly due to window 
placing t ha t  the inveswent probdly will be 
unsound, 

- 

9 .4 -2 .  Ventilated solar walls 

Objeceives - As the ventilated solar walls rewires a 
light wall constmction and this % m e  mostly 
has ben used in newer haases only vem few 
facades have been fomd snit*le for applica- 
$ion sf ventilated sol= walls. 

er of facades found suitdle o 5 

b e a  / tokal inveseigated area t 2 % 

Mea / total southerly area 2 % 

Of these faeades $wo will have reduced bene- 
fiks due $8 overshadowing on orientation, 

Wnefits - Strongly case dependent. 
Economy - The areas of L h e  facades found seems a bi& 

more r e ~ l a r  than the areas found suitble 
for applieaeion of Hass and Tro walls, but 
it is difficult to predict the economical 
feas~illly of an application of ventilated 
s 0 1 u  walls on the buildings found, 



Objectives - r of investigated roofs r 57 

dbsea of investigated roofs P 2820 m2 

N r of roofs found suithle 
for installation of roof-space 
collectors : 20 

M e a  of roofs found pssible 
for installation of roof-space 
collectors : 920 m2 

Pnves.ltment - Strongly case depndewt, Big. 

&nefits - Case depndewt. Hedim, Of the 20 roofs found 

suitale 8 will have reduced knefits due to 
orientation. 

Economy - Strongly case dependent. 



Restrain% - N r of roofs not found saitdle 
for installation of 
roof-space cok%ec%ors z 

&ea of roofs not found suiLable 
far  installatian of 
roof-space collectors x 1900 m" 

-v- 

Reason P H r r Area W s l b ,  

1) Flak roof - 6 5031 m2 2 6 2  

2) Too little 

room IQ 23 % 

3) Utilized 
roof-space -- 19 $85 m" 4 7 3  

4) Too great 
overshadowing 7 231 m& 12 2 

Some of the roofs have more Lhan one reason %or no% 
h i n g  s u i t a l e  for installation of roof-space collee- 
tors ,  



Objectives - Due $0 lack of spcifie infornation regarding 
the interior of the investigated buildings it 
has been veq difficult to propse m increa- 
se of the heat storage capacity for a paei- 
cular building. However the themal inertia 
descxibd relatively with one shple factor Z 

(0.0-31.0, 0,0 is a v e q  light building, 1.0 

is a veq heav building) for the total 
building has h e n  esthated using deposited 
plans and photos, thetical calcullations 
have h e w  made where this factor is increased 
&or all the investigaked buildings regardless 
of the individual buildingus ~owstmction~ 
This is only done to enlighten an eventual 
wtential for savings which might be obtained 
by a general increase of the themal inertia 
of the building stock. 

BJ r of buildings involved ; 

Average (by living mea) 

themal ine~ia Z : 0.51 

mnefits - The ineaia for each building has b e n  gra- 
dually increased from the registered presenk 
value to the maxhm (%==l. O ) . The result is 
presented in Fig 21. 



Pig 21. Savings obtained by increase of the general 
themal inertia of all the investigated 
buildings. 

0.5 0.8 0.9 0.8 a 
Average khemal 
inertia. 

The calculations show %hat an increase of the Lhemal iner- 
k i a  as the only measure hplemented does not have a v e q  
large effect on. the heating r e ~ i r e m e n t ,  bu% iL i s  asswed  

t h a t  a Bage $hemaL inertia of a bui ld ing  is cmcial $or a 
r of other passive solar measures. 



--p- 

9.7 ,  =DUCTION OF WING EFFECT 

Objectives - In order to est&lish the ptenkial for re- 
duction of overshadowing obstacles all 72 

investigated facades have h e n  visual exmin- 
ed to see the effect if all trees and weeds 
were cut, This reduces the average oversha- 
dowing effece from 28 % to 19 %. Calculations 
show that this measure only resulting a 1.4 % 

overall saving. A veq little effect, A more 
realistic calculation has h e n  made, Here 
only more realistic reductions asswed by 

baginative pmning md reduction of weeds in 
the garden &longing to the building in qes- 
tion 
W r of facades where a realistic 
reduction is wss*Pe : 27 

Average overshadowing of the facades 
involved after the reduckion : 22 % 

%nefi%s - Werall savings obtained : 0.3 % 

Average saving for the buildings 
involved : 0-7 % 

Economy - As the inves%ment is negligible &he economy 
of this measure prob&ly is good, But the 
effecL is veq little, 



r o f  investigaked roofs : 57 

A r e a  of investigaled roofs : 2820 m' 

r of roofs found s n i t & l e  for 
installation of active solar  measures 
when the r eq ixemewts  of orientation, 
overshadowing and tilt o f  roof are 

obeained n 21 

Area _.l076 m'- 

r of roofs not found s u i t a l e  
f o r  installation g 36 

Area of roofs no& found s u i t a l e  
for installation 1744 

2 Tilt angle 
less than 3~~ 24 1858 m! 6 0  % 

3 )  Tos great 
overshadowing -- 7 --- 231 Ell2 ----- 3.3 % 

Some o f  the roofs have more %Ban one season for not 
being sui.t&Pe %or installation of active solar 
measures, 



06 the remaining 21 roofs additional 4 were found to be 
less suitale due to inadevate roofing (straw), aschi- 
teetural and legislative reasons. 

Remaining roofs found suitale for 
installation of 
active solar measures : 

Remaining a e a  foud suitale for 
installation of 
active sol= measures : 861 .m2 

Poss*le mea / investigated area: 31 % 

9.8.1, Small domestic hot water systems 

Objectives - N r of roofs found suithle for 
installation of small domestic hot 
water systems : 13 

Area of roofs found suithle for 
installation of small domestic hoL 
water systems : 685 m' 

Wnefits - Assmed Lo 1 W  % of hot water supply in the 
er for the buildings involved. 

65 % of the hot water supply a year for the 
buildings involved, 
Of the 13 buildings two will have reduced 
hnefits due to orientation, 



9-8.2. 1Dsmeskic hot water m d  space heating systems 

Objectives - N r of roofs found suit&Be for 
installation of domestic hot watex a d  
space heating systems : 9 

Mea of roofs found suit&%e for 
inskallation of domestic hot water and 
space heating systems 576 m2 

Benefits - 25-30 % of total enexg used a year, 

9 . 8 . 3 .  Lmge building Block systems 

Objectives - H r of roofs found suitdle for 
installakion of large 
building block systems : 4 

Wea of roofs fowd suitdle for 
inskallation of large 
building block systems : 3176 m2 

&nefits - With no storage : 
5 % of amual heating rewirement, 

With short tern storage : 
10-15 % of amual heating reqiremene, 

With seasonal storage : 
40-80 % of amual heating rewirement, 

Of the 4 buildings one will have reduced 
bnefiks due to orientation. 

Economy - Strongly case dewndent, 



measures m d  a co&inatisn of the two have k e n  investi- 
gated. 

9 . 9 . 1 ,  Post-insulation of cavity wall constmctions using 
granulated insulation makerial 

Objectives - Fig 10, page 35 shows that approxhatelgy 30 $ 

of the facade walls are constmcted with a 
solid outer leaf, an air gap and a solid 
imer leaf, This is a veq great ptential. 
The area might be somewhat overesthated due 
to lack of infornation, It has not always 
b e n  pssible to confim if the meansue had 
already k e n  applied. 

Pnves~ent - Little. 
mnefits - A n  average saving of E9 % and an 8 % overall 

saving have Men calcula$ed. 
Economy - If savings of this size can h obtained the 

economy of this measure is veq good, 



9 ,9 .2 .  Post insulation of solid facade walls, 

Coments - Suggested BO cm outside sr inside additional 
layes of insulation on all solid facades. 

Objectives - Facade eanstmction, which only have one 
solid layer (brick). According to Fig %O page 
35 &here is a great ptential of 41 % 06 the 
total facade uea, 

Wnefits - Calculated to an average saving of 34 % s f  
the buildings involved. This is an 16 % over- 
all saving. 

Investment - Big. 
Economy - All the involved buildings seems to have a 

high saving prcentage and no constraint has 
h e n  found in any of the building, which 
could prevent an application of this measure- 
In some eases the measwe rewires a slight 
reduction of the living area or a changed 
apparance of the outside of the building, 

9 - 9 . 3 .  Post-insulation of all porly insulated facades 

Post-insulation of hth cavity and solid walls. 

Objectives - Approxhately 71 % of the total facade area, 
A great potential is found in older aparment 
buildings with rented flats, 

Mnefits - Werall saving calculated to 27 %. 

Economy - Post-insulation of porly insulated walls is 
a well proven procedure and a lot of private 
companies have prfomed this work in the 
last 10-15 years. As the economy is good, it 
would k advisable to make an emphasis to 
pursue t h i s  task for the remaining buildings. 



I n  order to esthate the overall ptential for application 
s f  passive solar measures each of the buildings have k e n  
investigated for for application of a cobination of the 
most economically feasible measwes, These are t 

Chmged window constmction. 
Existing one layer windows changed to two layers. 
Use of insulated shu&$ers, 
10 cm insulated shutters used in the night t d e  
with manual control. 
Reduction of the overshadowing effect, (E 
savings m e  v e q  small But so is $he invesmenk), 
Post insulation, 
All mssible insulation o f  cavity walls and inside 
or outside insulation of solid walls, PO cm insu- 
lation of brick and concreee walls and 5 cm insu- 
lation of aerated concrete walls, 
Attached sunspaces, 

S r Small, 
L : Large, 
VLx Veq $=gee 
B : Glass covering of balconies. 

(The savings obtained are e cted to be v e q  
small but the measwe has secondaq such as in- 
creased living area). 
Hass or T r o d &  walls, 
Ventilated solar walls, 
Roof-space collectors, 



The result is a propsed action f o r  each building showed in 
Fig 22, The relative savings of the heating revirement in 
the heating season (&%.-April) have h e w  caPculated for the 
upact of chmged window constmction, use of insulated 
shutters, reduction of the overshadowing effect m d  the 
effect of p s t  insulation. For %he seher measures: Attached 

sunspaces, the sol= walls and the roof-space collectors the 
cted savings me eslhaked accordingly to the case 

seudies m d  the References. 

Fig 22. Suggested passive solar measures for the buildings 
investigated. 
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The small r of buildings found suit&le for application 
of solar walls is due to the fact that it has k e n  difficult 
to find large continuous pssible areas. In some cases at- 
tached sunspaces have h e n  found more feasale, In the case 
of the ventilated solar walls veq few light facades were 
f sund. 
Some of the propsed solar walls and attached smspaces have 
reduced hnefies due to overshadowing. 
The great r of suggested insulated shutters is probhly 
not realistic to e C $  in reality, The physical and econo- 
mical reqirements seems to h present, but as the measure 
rewires participation of the i~hitants for daily use m d  

as it changes the apparanee of the buildings radically it 
is likely to assme that this measure will be applied to 
only a moderate n r of existing buildings , 

Result r 

The overall relative saving obtained though the propsed 
scheme have hew found to be 39 % of ehe heating rewiremen$ 
in the heating season. This is obtained by : 

1) Changed window constmction : 6 % 

2) Use of insulated shutters : 5 % 

3) Reduction of the overshadowing effect P 0 % 

4) Post insulation : 24 1 

5) Attached sunspaces 1 % 

6) Solar walls : 1 % 

7 )  Roof-space collectors :. 2 % 



This result should be treated with care as r 

- The smple is relatively small. 
- The calculations made are only based on data extracted 

from the phokos taken and the descr 
tiomaire . 

- Missing infomation of some buildings has h e n  esthat- 
ed according to the rest of the smple or general as- 
smptions, This espcially concerns buildings, where no 
solar facades have b e n  investigated, and conseventay 
no infornation ut wall t etc, has b e n  recorded, 

- For some of the suggested passive sol= features cal- 
culations of the heating rewirement a e  based on the 
use of a shple method, For the more complex measures 
in terns of themal effect the savings m e  esthated 
according to other investigations together with the 
esthated size of the effect of the measme for each 
building. 

- The cohined scheme is a result of the evaluated feasi- 
bilities of the propsed features, But due to the com- 
plex nakure of the gathered makeriall and the definition 
of the sbplified rewiremeants for each measure, the 
result is bund to be influenced by somewhat prsonaP 
evaluations. 

Maring this in mind the result should only .be used as indi- 
eakians of some main features of the ptential for applica- 
tion of passive solar measures in the existing building 
stock, 



A more detailed study has h e n  carried out on building no, 
S105- This has k e n  done in order to validate the prior 
mentioned saple method for detemination of the heating 
rewirement and to investigate the use of more complicated 
(in terns of ea%eulations) features . The house is ifi&ited 
by two fmiliehi, The collected data is listed in appndix  B. 

Living mea r 41591 m" 

Basement area z 85 m2 

Souther facade area t 28-4 m" 

Wall t * 

Wall thicbess : 

South window area r Glass : 5.6 m2 

Frme : 2.0 m" 

r of layers t 2 

mershadowing of the facade r 30 % 

Fig 23. Picture of south facade of building no, 5105. 



Possible measures : 

P) Use of insulated shutters, 10 cm insulated shutters on 
all windows in the building except an damer windows on 
the first floor, Used in Lhe heating season from ap- 
proxbately 10 pm to 6 m. 

2 )  To bower the indoor temprature re~iremenk from 20' C 
to 16' C in the night $he from 18 pm to 6 m. 

3) Eage attached sunspaee covering 
half of the facade, Wea : 16-8 m" 

4 )  V e q  lmge attached smspaee covering 
the whole facade, -ea r 33.6 m2 

The mea is an additional living mea most of the year, 

5) &%h use of insulated shutters and vem large attached 
suspace, 

Beating rewirement of the existing constmetion t P9900 kWh 

Savings with the propsed measwes t 

The savings obtained by the use of insulated shutters were 
prior calculated with the use of the shp%e method to 12 %, 

But in this calculation was also included insulated shutters 
on domer windows on the first floor. 



12, DISCUSSION OF mTHOD SUWESTED C ES IN PROCED 

rience of completing the whole investigation has Pet 
to some propsals for a changed procedure which can be use- 
ful in s h i l u  investigations. 

- In order to have a k t t e r  overall basis of infomation 
on the selected smple, the extent of the coablected 
data should be the s m e  for all the investigated build- 
ings m d  so detailed that it endles an easy calcula- 
tion of $he heating reqisement, This Basis is useful 
for m&ing a btter material to relate the pssible 
passive sol= features to, I$ is suggested to obtain 
infomation on wall m d  window constmction for all 
facades, regxdless of &heir orientation and early 
stage evaluation of pssibilities of application of 
passive SOP= measures. AS it is now too m m y  umeces- 
S aasuptions had to be made. Furthemore i$ would 
be recomenddle to record areas for each facade, and 
to obtain additional infomation regarding wall insula- 
tion and prcentage frme area in window constmction, 
Infornation on floor and basement cowstmction could 
also be advmtageous to obtain, 

- Standard foms , It is propsed to divide the main fom 
into pafis which match the information sources so the 
apparance is more systematic : 



1) A part for general fnfomatisn; Ad&ess, omer 
etc. (Page 7 in the existing main fom, App, W), 

2 )  A part for infomation gathered from the dewsited 
plans regarding geometq and csnstmction (Page 1 
to 5 in the existing main fom). 

3) A part containing infomation gathered at the 
on-site investigation, Window constmction, the 
photo data and the result of the photo tsansfoma- 
tion (page 9 in the existing main fom). The data 
in the photo fom can h inco rated in the main 
fom, 

Regarding the photographic method, The used P6 m fish- 
eye lens was originally selected for the pu 
only taking two pictures to cover a 188" profile hori- 
zontally. As this not could h achieved the emera 
arangement should be changed using another lens. It is 
advisale not to tnst sale spcifications, but to test 
the lens hfore making the final emera set-up. 

Analysis of collected data. In defining chzaeteristics 
in the vast n r of collected data have arisen some 
complications, The various different values make it 
difficult to define ckarac$eristics useful for sensiti- 
vity studies, It is advisable to m&e these definitions 
a% a veq early seage. This involves a discussion as to 
which e&ent computers should be used in the evaluakion 
of data. 



A smple of 67 buildings ( 174  households) representing %he 
Danish building stock wite well has h e n  investigated, 
Infornation regarding geometq and constmction has h e n  
recorded and the overshadowing effect of facades and rooEs 
pssible for application of passive solu measures investi- 
gated, The data has h e n  malyzed sta$isLicallg to find 
general features for application of passive solar measures 
in the existing building stock in kmark. 

The descrmd investigation method has proved to be v e q  
efficient- Especially the use of standard foms hplsmenled 
on computer and the photographic method to deternine the 
overshadowing effect o f  a facade or a roof have exceeded the 
eqectations. However the definitions of concepts and de- 
velopment of the different procedures have b e n  somewhat too 
t h e  conswing, 
In the analysis of the Barge r of collected data too 
many exceptions and individual characters of the different 
buildings have b e n  difficult to $reat in standard foms, 
This has slowed dom the handling of data and eonse~ently 

r of investigated buildings has not wite 
been reached, Smaller changes in the foms for data collee- 
tion are recomended, 

As the smple is rather small and the analysis of the col- 
lected data has reqired some estimations, the derived re- 
sults should only be used to indicate some main features o f  

the ptential for application sf Lhe passive solar measures 
in the existing building stock r 



- The general ptentiab for application of passive solar 
features seems v e q  little, 

- The general overshadowing effect on facades is v e q  
big, but does vaq a lots aneral reductions of the 
overshadowing do not seem to b realistic, and the 
effect would be v e q  little, The efficiency of other 
propsed measures are on the other hmd hlieved to be 
v e q  much depnding on the overshadowing. 

- The ptential for application of solar walls is veq 
small and application of this measue is constrained by 
too little continuous areas available and overshadow- 
ing. 

- Possible areas for installation of roof-space collee- 
tors seems present, bud &he feasibility of the use has 
to investigated fu~her- The advantages of roof- 
space collectors will in many eases be evaluated Lo- 

gether with a pssible use of active solar measues. 

- A relatively P a g e  n r of the investigated buildings 
can be applied sunspaces, although the savings obtained 
are not eqected to v e w  big. 

- Indicated by this investigation there is a great ptew- 
tial for use of insulated shutters. But as this measure 
have some esthetic restraint and hman revisements, it 
must be a vestion how realistic this mssibility is, 
Furthemore inslal%akion of insulated shutters rewires 
a more detailed investigation than prdomed here for 
exminalion o f  especially the tecuical possibiliLies 
for attaehent of the shutters, 



- Increase of the themal inefiia is considered v e q  
lhorious and the effect of making this feature alone 
seems negligible. In comeetion with other measures the 
themal inerkia is likely to be veq hprtant. 

- Only a few buildings have k e n  found s u i t a l e  for re- 
duction of the northerly orientated windows, The sa- 
vings are found Bo be negligible, 

- The big inves-ent in comection with increase of 
southerly oriented windows makes this measure v e q  
economical$y unsound, 

- The major pssible savings found are obtained by pst 
insulation of porly insulated facades, which still 
seems to have a great ptential in the existing build- 
ing stock, 

- The ptential savings obtained by adding an extra layer 
of glass on one layer window cowstmctions are (of 
cause) relatively large. 

- As %he economy for mst-insulation and the concepk of 
hproving one layer window constmctions is good, it 
would be advisdle to make an emphasis to pursue these 
tasks twough legislation or other incentives, 

It is possible to analyze the collected data further and 
more conclusions can prob&ly be derived, The material is 
eweeted to be useful in other project in the future, 
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l l 

I SAMPLE NUMBER > 1 0 5 <  ( f l o o r  p l a n )  P a g e  1 o u t  o f  9 pages. I I 
l l 
l l 

I I I BASIC-SHAPE I I 1 
I l l I 

I l : = >  BASIC-SHAPE c o d e  ( s e e  C * }  b e l o w ) !  c o d e  I > l <  1 1-4 f 
1 I I I I l 
l ---- 1 I 1-1 
I I I ORIENT. ANGEL I I I 
l I l I 

; 2 ; = >  OWlENTATIONdhNGEL q (*l b e t w e e n  f $d I > 3< : d e g  I 
I I t h e  n o r m a l  t o  t h e  f a c a d e  ' a '  I I I I 

I l I 1 

I and  t r u e  s o u t h .  0-360 d e g ,  l I 
I I 10-360 I 

I I I c l o c k w i s e ,  s t a r t i n g  i n  s o u t h .  I I I I 
I I I l 

l l I l 1 i 
1 - 1  I 1  
I 1  :BLOCK ANGEL I I I I I l 

1 31=> BL0CKANGEL.V ( s e e  C*}) I I V I > -  < 
I I 

I d e g  I 
l I I I 

l l l I l I 
W ; e : = >  - - .W I I W > -  < 

I l 
I d e g  I 

l I l I 
I I I l l l 

; I ( = >  ' - '  i f  a n g e l  d o  n o t  e x i s t )  I I I I 10-180 1 
I l l I I I 
1 - 1  1-1 
1 I l LENGTH I I I 
I I I l I 

1 51=> FACADEILENGTH[a..h] I I a  I > 1 0 . 6 ~  1 W I 
I I C I I I I 
I I I l I I 

1 6 ; = >  (*}  b a s i c  s h a p e  I I I I b  I > 8 < I n I  

I l l l I l l I I I l I I I 
l I I l 1 I l I I l I I 

1 1 2 :  = >  I I I I I I I I h  I > -  < ; W /  

I 1 3 )  a  4 > a l l I I 
l l l I 

I I l l l I 
I I I l 1 I . , I ( =  - i f  f a c a d e  d o  n o t  e x i s t )  I I I I t I I I 

I I I l l I 
1 - 1  1-1 
I l I 1 
I I l PROJECTlONS I I 

1 1 3 ; = >  PROJECTIONS t o  f a c a d e  a-h  I f a c a d e  I > -  < ! a - h ;  
I I I I I l 
I l l l l l 

I I ( = >  ' - '  i f  n o  n e i g h b o u r s )  I I I I lmax 4 :  
l l l l I l 
1 - 1  l 1  
I I l BASEMENT I I I 
I l l I l 

1 $4  1 = > BASEMENT t y p e  l 
l t y p e  1 > 2 <  I 0-3 ; 

I I - = No b a s e m e n t .  I 
l l I 

I I l I 1 l 
I I 1 = P a r t l y  b a s e m e n t .  I I I I 
I l l l l l 
1 1  2 = F u l l  b a s e m e n t .  I I I I l I I l l 1 
I I 3 = C r a w l  s p a c e .  I I I I 
l l l I l l 
l l I l I l 
1 - 1  - I I 





l I 
I I 

: SAMPLE NUMBER - - - .  (sectional elevation) Page 3 out of 9 pages.: 
I I 
l I 

I I I SOLARFACADE f f I I 
I l I l 

~2f~=>SOLARFACADE1.TYPE.0UTERWEEAF :type outer 1 >2< I code; 
I I l 1 I I 
I 1  l l 1 l 

-U ;22:=> - -  .TYPE.CAVITY :type cavity I > 9 <  ) code: 
I I I I I l 
I I I I I I 

;as:=> - - .TYPE.$NNERJEAF leype inner ) >2< I code: 
1--1--------------,--------------------I------------l------------l-----l 
l I : 24 : =>SOLARFACADEI .THICKNESS. OUTERJEAF j thick outer j > l l <  

l 

I cm I 
1 I l I I l 
I I I 1 t I 

W ;25:=> - - .TNICKNESS.CAVITY :thick cavity: > 8< cm I 
I I l I I l 
I f  l I I I 

;28:=> - -  .THICKNESS.INNERJEAFIthick inner f > h l <  I cm I 
I -- l - ------------------1-----111------------ l ------------ l ------------ l ----- l  

I - - - - - - - - - - - -  I - - - - - - - - - - - " ( - - - - -  

I I ISOLARFACADE2: I I 
I I 1 l 

I271=>SOLARFACADE2.TIIPEE0UTER_LEAF !type outer I > - <  I code: 
I l l I I l 
l l l I l l .., ;28:=> - - .TYPE. CAVITY :type cavity : > - <  : code: 
l l I I 1 1 
l l I I I I -. :29;=> - - .TYPE.INNER-LEAF l type inner ) > - <  code: 
1-- 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - ~ - - - - - - - - - - - - ~ - - - - - 1  
I I 

~ ~ O ( = > S O E A W F A C A B E ~ . T H I C K N E S S . O U T E R _ L E A F I ~ ~ C ~  outer > 0< 
I I 

I cm I 
I l l l 

I l I t t I 
W ;31]=> - - .THICKNESS.CAVITY f thick cavity: > 0< f cm I 

I I I l l I 
I l l l l I - : 3 2 : = >  - - .TWICKNESS.INNER-LEAFIthick inner > 0< I cm : 
l l I l l I 
l l I 1-1 

: I * TYPE : One of the following codes : l I 

I I - = Does not exist. Wall description : I l l I 
I l 1 = Concrete. I I******!////////: I l l 1 
I l 
I I 2 = Tile. out.- ------- :******:////////:in- I 
I I 
I I 3 = WolPsw tile. side :******;////////:side I 
l I 4 = Areated concrete. I - - - - - - - I***"**I////////: I l l l 
I I 5 = Board, thin/lightweight. Outer Cavity Inner I 
I I I 
I I 6 = Half-timbering. leaf. leaf. I 
I I l 
I I 7 = Air (only for cavity). I 
I l I 
I I 8  = Insulation. I I l l 
I l 9 = Retrofit insulation. I I l I 
I I l 
I I I 

1 I THICKNESS : The thickness in cm of the structural member, I l 

I l I 
l -.-.--l I 
l I 
I I THER. INERTIA I 0.2-I 
: 33 1 =>THERMAL-INERTIAANUMBER 2 I I Z f > 0 . 6 < -  t 0 . 8  1 
l l l l I l 
I I I l l l 

I I Z = 0.2 : Very light building. I I I I I I I I 
I I 0 . 4  : Light building. I I I I 
I l l I l l 
1 1  0 . 6  : Heavy building. 1 I I I 
1 l l I I l 
I I 0.8 : Very heavy building. I I I I 
l l l l I l 
l l I l I l 
1 - 1  1-1 



I I 
l l 

SAMPLE NUMBER - - - .  ( s e c t i o n a l  e l e v a t i o n )  Page  4  o u t  o f  9  p a g e s . ;  
I I 
I l 

I ~SOLARROOFl f I I 
I I I l 

1 34 1 = >  SOLARROOF1 .PLACING l p l a c i n g  I >a< I a - h  
I I l I I 1 
l l l I I l 

1 3 5 ; = >  - - . TYPE l t y p e  1 > 2 <  : 1-5  1 
1 1  I l 1 I 
l I I I l I 

( 3 6 1 = >  - - .TILT ( 0 - 9 0  d e g )  1 t i l t  > 4 7 <  
I I 

1 d e g  I 
l I I l 

I I l I l l 
A, 1 3 7 ; - >  - - . DISTANCE RIGDE 1 d i s t a n c e  I > a <  : m ;  

l l I 1 1 1 
I l I l I I 

; 3 8 ; = >  - - .NUMBERJAYWINBOWS Inurnb. b a y w i n ;  > 2<  1 0-301 
I I I 1 I I 
I I l l I l 

: 3 9 : = >  - - .INSU&ATION_THICKNESS l i n s u l .  t h i c k :  > ? <  1 cm 1 
I I l I I I 
I l I l I l 

W ; 4 0 ; = >  - -  . GLASSAREA : g l a s s  a r e a  f > 4 . 4 ~  t m*m l 
1--1-----------------------------------I------------f------------l-----l 
I I 
I I l I 
I 1 lSOLARROOF2 I I 

; 4 1 1 = >  SOLARROOF2.PLACING 1 p l a c i n g  > - <  f a - h  I 
I 1  l I l l 
I I I I l I - ; 4 2 ; = >  - - .TYPE l t y p e  ; > - <  : 1-5 I 
l I I I l l 
I I 1 l l l 

a, 1431=> - - .TILT ( 0 - 9 0 d e g )  ; t i l t  I > O <  
I I 

I d e g  I 
I I 1 I 

1 I l I l l 

144 1 . D I  STANCE WIGDE I d i s t a n c e  > O <  : m ;  
I l 1 I l l 
l l l I l l .., 1451=> - - . NUMBER-BAYWINDOWS Inurnb. b a y w i n :  > 0 <  ) 0-301 
I t I l l I 
l l l I l I -. 1 4 6 ; = >  - .INSULATION-THICKNESS l i n s u l .  t h i c k !  > 0 <  ) cm l 
I I I 1 I 1 
I I I I I I 

; 4 7 : - >  - - . GLASSAREA ; g l a s s  a r e a  : > 0 < I w*m 1 
I I I I l I 
I I l 1-1 

I : * PLACING : -The c o d e  ( a - h )  f o r  a s o u t h  o r i e n t e d  +/-  4 5  d e g  1 
l 1  l 
I I l a r g e r  r o o f  s u r f a c e ,  u s a b l e  f o r  a  a c t i v e  o r  I 
I I p a s s i v e  s o l a r  i n s t a l l a t i o n .  I 
I I l 
I I 
I I - F o r  t h e  p l a c i n g  w r i t e  t h e  l e t t e r  f o r  t h e  f a c a d e  
l l w h e r e t o  t h e  r o o f  t i l t .  l 
l l I 
l l 
I I -For  f l a t  r o o f s  w r i t e  t h e  c o d e  f o r  s o l a r f a c a d e l .  1 
I I - ( = >  ' - '  i f  no s u c h  r o o f s u r f a c e  e x i s t ) .  I l l I 
I I I 
I -  l - P P I 

I * TYPE . I ' / \ A A  / 3 /\l\ l 
I ----- 1 I 

l I l 
l I 1 2 3  4  5 I 
1 l l 
I I l 

1 * TILT : -The t i l t  o f  t h e  r o o f .  ( 0 - 9 0  d e g ) .  I 
l 

1 I * NUMBER BAYWIN: -The number o f  baywindows ( n o t  f o r  f l a t  r o o f s ) .  ] 
l * INSUL.THICK : -The t h i c k n e s s  o f  t h e  i n s u l a t i o n  i n  t h e  r o o f .  I 

1 

I * GLASS-AREA : - T r a n s p a r e n t  g l a s s  a r e a .  I 
l 

1 I I 
l l -Windows f o l l o w i n g  t h e  s l o p e  o f  t h e  r o o f .  I 

I I - S k y l i g h t s  i n c l u d e d ,  b u t  baywindows e x c l u d e d .  I I I l 
1 1  l 
1 - 1  1 



I l 

I SAMPLE NUMBER - -  -. ( f r o n t  e l e v a t i o n )  P a g e  5 o u t  o f  9 p a g e s .  l 
l l 
l l 

1 1  :GLASS AREA I t  I 
I I l I 

; 4 8 ] = >  FACADE-GLASSAREA[a..W I I a I > 9 . 6 ~  1 m*m I 
1  I I I I 1  
I 1  l I I l 

; 4 9 ; = >  f i g u r e s  showing  C I I b I > 9 . 8 ~  1 m*m I 
I I I t h e  walls a - h .  I I I I I I 

I I l I I l 

1501=> b l  Id I I C I > 5 .7<  ) m * m I  
I l I I l I I l 
I I -C- I I B -  l l l l 

' d I I 
I I f 1511=> bl-I I d i > 3.9< f t n * m t  

I I f )  a 2 > a l I I l 
$ I I I l 

1521 = >  l I e > O < I n * m I  

l I I I l I 
I I I I I l 

I ( = >  ' - '  i f  f a c a d e  d o e s  n o t  e x i s t )  I I I I I I I 

I I l I I I 
1 - 1  I 1  
I I l ROOM t  I I 
l l I 1 l 

1561=> ROOMJEIGNT f rom f l o o r  t o  f l o o r  I h e i g h t  1 > 2 8 8 <  I cm I 
I I f o r  s o l a r f a c a d e l .  I I I I 
I I l l l I 
I l I I I I 
1 - 1  I 1-1 
l I l HOUSE l I l 
l l I I l 

I 5 7 1 = >  HOUSEJEIGWT f rom g r o u n d  l e v e l  I h e i g h t  1 > 3 . 5 ~  I n 1 
I l t o  t h e  r o o f  o f  t h e  I I I l 
I I l I 1  
I I u p p e r m o s t  i n h a b i t e d  I l I I 
l l l l l 
I I room on s o l a r f  a c a d e l  l l I I 
I I I I I 
l l l l t l 
1 - 1  I 1  
I I I I N H A B .  STOREY I I I 
l l I I 

1%81=> NUMBER-INHABITED-STOREYS I number f > 2<  1 0-301 







1  l 
l I 

SAMPLE NUMBER - - - .  (heat inspection report) Page 8 out of 9 pages.! 
I l 
l I 

I 1  l YEAR I I l 
I I 1  I l 

:801=> YEAR.CONSTRUCTIQN fconstructionl >1948< 1 yearf 
l l I I I I 
I I l I 8 l 

:811=> YEAR.EXTENTION has been made. fextention l > -  < I year: 
I I I I I I 
1 - 1  l 1-1 
I I lEXTENTIONS : I I 

1 82 j = >  NUMBER-OF-EXTENTIONS see above. f number of f >0< 
l l 

f 0-9 1 
l l I l I l 
1 - 1  1-1 
I I 1 NW DWELLINGS l I 1  

j 83 = >  NUMBERJWEEEINGS .OWNED 
I l 

f owned I > l< 10-999 1 
l l l I I l 
I I I l I l 

1841=> - - . RENTED f rented > l< 10-999 1 
I l l I l l 
1 - 1  1-1 

I I l AREA I I I 
I I I I I 

185;=> AREA.%IVING I living I > 15l< f m*m t 
I I I l I l 
I I l l I I 

:86;=> AREA.COMMERCIAL commercial f > 0<  I m * m f  
I I I I I I 
I I I l l 1  

187f=> AREA.ATTIC ) attic I > 66< f m * m !  
1  I l I l 1  
I I I I I I 

:88;=> AREA-BASEMENT (not crawl) basement I > 85< f m*m l 
I I I I l I 
1 - 1  I 1  
I I l HEATING I 
l I I :code I 
;89;=> HEATING-SYSTEM type (see notes) f system 1 > 4 3  < 11-1221 
I I l l I I 
1 - 1  I 1-1 
I I l ENERGY l I I 
1  I l I l 

1 90 f = >  ENERGY. ANNUAL-CONSUH l annu. consumf > 3  <lamounl 
I I l I I I 
I l l I l l 

: 9 1 ; = >  -"- .UNIT (for above) f unit l > m <  f code; 
l I I I l I 
l l I l l I 

1 * UNIT : I I I I 
l l l l 

f t 9 = GJ/year E = I000 l/year l l l I 
l I I 

I f C = Gcal/year M = 1000 kbm/year I I I I I I I 

f l W = Mwh/year G = 1000 &/year f I I I I I I 

l I T = I000 tons/yeart I I l 
I l t 1 l 
I l I I I I 
1  I f  

t  I I ENERGY I 
l l I 1 3 ;  
; 9 2 1 = >  ENEWGY.ANNUAE-SAVING ,1000 kr lannu. saving: > 0.24< 110 krl 
1  I I l 
I l I I 

W 

1 3 1  
; 9 3 f = >  - - . INVESTMENT ,1000 kr finvestment f > 1 . 9 5 ~  110 krf 
I I l I I l 
I I I l l I 

f The annual saving = the brutto- f I 
l l 

1  1  l 

I saving on the energy expenses I l l I 
l l I l 

I I with the proposed investment in 1 I 
l 1  

I I I 

f I energy saving measures. l 1  I l 
I 1  l 1  

I I I I l 1  
l I l I I l 
I I l I 1  I 
I l I l I I 
l l I l l I 
1 - 1  I 1  



Fig 16. Heat balance of windows in the heating sea- 
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Fig 17. Heae balance for windows, ~ositive/~ega$ive 
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Fig 16. and 17. show that almost none of the inveaeigated 
windows at the present have a positive heat balance i the 
heating season, 



There have k e n  looked at six different measures, 

9,2.1, Addition of an extra layer of glass to an existing 
one layer eonstmction. 

Objectives - All buildings with one layer sf glass in the 
existing window constmction, 
N r of buildings found : 2 

WEea / total uea of windows 23 % 

Inveswent - Little. 
Benefits - Calculated to an average saving of 29 % per 

building involved, which is an overall saving 
of 6 %. 

P- P 

g 8 2 * 2 *  Addition of an extra layer of glass to existing 
o m  or two layer eons&metion, 

Objectives - 89141 buildings with two Payers of glass or 
less in the existing window constmetion, 

er of buildings found : 64 

Area / total area of windows : 96 b 

Investment - Liktle, 
&nef its - Calculated to an average saving of 12 % pep 

building involved, which is an overall saving 
of II %, 

Economy - Hedim, Case depndent, 





Coments on the different infomation in the sumey 
ves$iomaire : 

The infornation is gathered from various sources: 

B) &psited plans, 
2 )  On-site investigations. 
3) Heat inspetion rewrt, 
4) Result of photographic investigation 

(On-site inves%igations). 
5) Reply letter from ihi%BBitm&~, 

Item 1-14 : Basic infornation on general geometq of 
Source P) iwestigaled house, 

Item 14 t Basement t is useful to h o w  for pssfile 
bat storage space for some pu 



Item 15-33 : Placing and description of pssfile useful 
Source %),2) facade for passive solar measurements. 

Item 16,19 t Is used to descrih cons%mctional problems 
m d  to indicate free area for pssale at- 
tachent to %he wall such as glass covering 
and attached sunspaces, 
Code %,3: Glass covering of balconies might 

h pssible, if problems with fire 
fire esc routes are solved, 

Code 5 : Only the window constmction can be 
modified, 

code 6 : Solar walls can .be applied. 
Code 7 S Small sunspaces can be added, 
Code $,g: Large consematories can be added, 
Rooms &hind : 

Code L,S: Full savings from passive solar 
measures, 

Code K,X: Reduced hwefits. 
Code C : Existing passive solar enerw nti- 

Eizatisn, 
Code W : L~ited utilization pssibilities. 

Item 21,24,27,30 t mter leaf of wall r 

Code 41-3: Us&le for storage in solar walls 
(mass or Tro wa 

Code 4-6: Not us&le for Tro wall, 
Code 7,8r Us&le or not usale for cireula- 

tion of air (ventilated solar wall) 
sr for modification to Tro wall, 

Code 8 , 9 :  No% usale for Trobe wall. 

Item 23,26,%9,32 : Inner leaf of wall r 
In coAination w i t h  outer leaf can the pssi- 
bilities of using Tro walls be investiga- 
ted. 



Item 34 : Themal iner t ia  t 

0-2-0.4 : If winc%ow areas are large a larger 
&hemaP ineskia could be consider- 
ed. 

0-6-0.8 : B large heat storage already pre- 

sefl% 

I t e m  34-47 Solar roof. Possibi l i t ies  for ut i l iz ing roof 
Sowce 1 ) , 2 )  space collectors o r  active solar collectorso 

I t e m  36 ,43  : T i l t  Eower than 20° makes it d i f f i cu l t  t o  use 
the existing roof csnstmclion, 

I t e m  38,40,45,47 2 

Indicates tha t  t he  roof space is  ut i l ized for  
living ( i n  case of a sloping roof) .  

I t e m  37,37,43,44 : 

Makes it p s s i b l e  t o  calculate the mea of 
the roof, which might be a v a i l d l e  for  roof 
space and active solar  collectors, 

I t e m  39,46 : Indicates i f  additional insulation might h 
necessaq. 



Item 48-55 t Glass aea, S-ple mles. 
Source 1) 

Facade facing 
South : Window area sufficienk if greater 

than 10 % of floor area, 
~outh/~ast/~es& : 

Not advantageous $0 increase window 
area if the area is greater than 20 
% of floss area, 

South r In co&inatigsn with other passive 
sol- measures ehe window a e a  
should be less than 15 %. 

North : Reduction of north facing or over- 
shadowed window area should h 
considered if the window area is 
greater than 18 % of floor mea, 

Item 56,57 : 
Source 1) 

Item 56 : Rsom height, If grea%er khan 2.4 m &hen it 
prob&1y is pssible to install ventilation 
duc t  o 

Item 57 t House height. U s e f u l  for detemination of 
effective incident solar radiation and area 
of solar facade, 



It- 59-66 : Average window t 
S o u c e  2 )  

I $ e m  59,63 r Code 1 r Improvement of widow constmct ion 
recornendale-  

I t e m  68,64 : U s e  of window covers f o r  shading. 
I t e m  6%,6%,65,66 : 

Useful fo r  deteminat ion of t he  overshadowing 
from window overhangs, 

I t e m  76-85 t e n e r a l  infornation fo r  useful s t a t i s t i c a l  

S o u c e  3 )  a a l y s i s  and gathering of infornation, 

Xtem 86-88 a 

Source 3) 

I t e m  86 r Comercial mea  might accept less sol= awn-  
twe areas. 

I t e m  87 r A t t ie  mea  could be used fo r  roof space col- 
l ec tors ,  

Item 88 : Basement could be used fo r  placement of heat  
storage. 

I t e m  90-93 : Heating t md COS$. 

Sowce 3 )  

E t e m  92,93 : Shows the  p t e n t i a l  f o r  %-$her seehetions of 
enerw conamption and cos t  sf t h e  invest- 
ments, 



I t e m  94-165 t Wershadowing of facades a d  roofs, 
Sowce 1),4) 

A solar facade or roof i s  &fined as a facade 
or  roof which might give access t o  passive 
sol= measures. The general remiremen% is 

that  t h e  facade or  roof is oriented south c/- 
450. 

Ikem 95,98,101,104 : 

Hnhotetical  value of overshadowing i f  all 
ring t rees were c u t ,  

Item 106-167 : IIw&&itantus use of curtains, 
Source 5 )  

Some passive solar measures might c a l l  for  
the iarh&itanks t o  shade t o  avoid overhea- 
t ingo 





At projector - 

Distances t 

Tree in die at ion^ 

Noting picture n rs, fih n rs and 
making small plan eawing. 
@hen the pictures me projected dom on 
the sheets to fib1 in the preentages 
overshadowed, approxhate distances and 
tree codes (1 for decidounoa m d  nothing 
for evergreens). 

Each sectanwlar enclosure encompasses 5' 

vertically and 15' horizontallyo 
Eve- oted rectanplar enclosure &low 
a filled-out one is denoted as 100 %, 

except if the filled-out owe is O % ( see 
col 5,4 Col 18 is a repater 1 ts 
5 of the prcentages in the reetanwlm 
enclosure col 9. This additional infor- 
mation outside the 45' vertical picture 
field is used in the cases, where the 
transfomation of view pint with big 
difference btween height of cmera and 
distance to middle of the facade (the 
resulting view wink) rewires this infor- 
makion 
Objects in the s m e  rectanplm enclosure 
are denoted the distance, which is the 
largest. 
QnPy deciduous trees are recorded, as 
their overshadowing effect varies depnd- 
ing on %he L b e  of year, 



PICTURE UNDERLAY OVERSHADOWING Page i BE 5 

SURVEY NUMBER : 4&3------ 
OBJECT NAME : -$3!3------- 
HEIGHT TO MIDDLE OF OBJECT : -2,gg ' 

AZIMUTH ----------- 
HEIGHT OF CAMERA, M : -1,4n,,,,,, 
CAMERA DISTANCE %Q WALL 2 -2A5------ 

LEFT PICTURE NUMBER : -82~4---,-, 

FILM NUMBER : ,,&,,,--- PICTURE NUMBER : ,3294 --- 



PICTURE UNDERLAY 

SURVEY NUMBER 
OBJECT NAME 

MIDDLE PICTURE NUMBER 

OVERSHADOWING 

FILM NUMBER : -22,-,,,--,PICTUWE NUMBER : ------,----, 



PICTURE UNDERLAY 

SURVEY NUMBER 
OBJECT NAME 

OVERSHADOWING 

RIGHT PICTURE NUMBER : ,82~5---,,, 
---m----,---------m- 

Page 3 of 5 ----------- 



PICTURE UNDEREWY ---------------- 
SURVEY NUMBER 
OBJECT NAME 

%)I STANCES --------- 
: ,SS82,,,--, 
! ,=a ,,,,,, 

Page 4 of 5 



P I C T U R E  UNDERLAY ---------------- 
S U R V E Y  NUMBER 
OBJECT NAME 

T R E E - I N D I C A T I O N S  
--a------------- 

( Not Evergreens ) 

Page 5 of 5 ----------- 



Fsr making the overlay grid in the photo form it was neces- 
s a q  to estalish the optical trasfomation of the hage 
&bough the fish-eye lens, the cmera and the projector 
used, The Mifior fish-eye Pens used consists of five indivi- 
dual lenses which makes thia v e q  complicated, Furthemore 
the sale apcifications are somewhat ppaalar and not for 
scientific use. This led to thee options 

1) To contact h p ~ e r a  and dealers of Hikon emeras- 

2) To send all used photo eqipment to a full investiga- 
tion by experts in these matters, The Techical Univer- 
sity of k m a r k  has an institute of photogr 
which can make such an investigation, 

3 )  To make a series of tests owselves. 

The dealer and hporLer of Mikon ewipment were contacted 
but esuld not provide any additional infornation. They re- 
cornended to contact Mikon in Japan But thia was considered 

The Institute for Photogr etq were helpful, but a full 
investigation of the epipment would be veq e 
t h e  conswing, It was therefore decided to estdlish the 
transfomation ourselves, W o  tests have h e n  completed t 

1) h indoor photo series of a measuring hard, 

2) h outdoor photo series of measuring pints, 



The indoox investigation had the advmtage of having a pre- 
cisely defined hage, but as the die%toP&ion though the 
fish-eye lens is s e q  big the cmera had to be placed v e q  
n e m  the measwing d leaving a veat mceeainty 
regmdiwg the waswed distmces, The outdoor investigation 
was more precise hue @ore complicated as the =aswing 
pints had to h estdlished using a theodolite, The 
investigation also allowed to check the trmsfomatfoaa of 
the overshadowing profile by chmging view pint as the 
cmera was placed in front of a nomal house. Xn order to 
ase the investigation photos the theoq of trinwsfomation 
b d  Ls h shplified showed Fig Cl, 

Fig C1 

- M ~ l a y  grid 



wl/w2=e% (cl constant) 
x2=a*tan(w2) (a constant) 
w3/w4=e2 (c2 constant) 
x4=bl*tan(v3) 

x4=$2*tan(w4) 

bl=50 m Given 
b2-301 m Used for the paticular photo Born 
e2=1,018 Distortion found by test 

a=86,45 m Cmera constant found by test 
cl==5.453 Distortion found by $est 

The used 16 m, fish-eye lens was originally selected for 
se of taking only two pictures to cover a 180" 

profile horizontally, The Pens speifieation stated that one 
picture would cover 153O vertically and 106~ horizontally. 
But this must be at edge of the hage, depndigng on the 
emera used or directly misleading &cause the -age obtain- 
ed by $he described arrangement does only cover 128' verti- 
cally and 86O horizontally reqiring thee pictures to be 
taken per facade. 





The view pint of the overshadowing profile was selected a$ 
the center of a facade or a roof causing the photo data to 
h Lrmsfomed, Far $his a spcial computer p r o w m  has h e n  
made, 

Pig Df 

Ho x Eight of object, 
D * Distance to object. 

Hc 2 Bight of cmera, 
DC : Distance from cmera to facade, 
v r Height of view pint. 
VC Profile mgle from cmera, 
Vv L Profile angle at view pint. 



The cor3 is to accomt for the diversion from the nomal to 
the facade . This is only done in a shplified way as the 
correction for the distance of the cmera to the gacade does 
not have m y  a great b p e m ~ e ,  

Fig D1 

Pn the trmsfomation progrm the prcentage filled-out 
overshadowing in each rectm-l= enclosue is trmsferxed 
according to these ewations, The progsm is vem advanced 
having interactive menus for mmual correction pssfiilities 
making the krmsfomation veq efficient. After the correc- 
&ion the profile is multiplied with a tree factor 0 .5 -0 .8  
depnding on the date of the pictwes taken to account for 
deciduous trees, The final profile is then multiplied with 

lation of the 5 solar ch s showed on the next page 
made by Emin Betersen [Ref 6) listing the relative reduc- 
tion of sol= gain for each rectmwln enclosure in the 
heating season, For a pa~iculm overshadowing profile the 
reduction preentages are a arieed and the result gives 
the overall reduction factor Fs. If the profile does not 
have to be interactively corrected the whole opration only 
e&es a few seconds. 



Relative reduelion I of sol= gain though a d o ~ l e  glazed 
window in the heating season, Each encloswe 30' horizontal- 
ly md 5O veeicallg, 

For facade facing : 

0.0  0 .5  0 . 5  2.5 1 . 0  0 . 5  south-CO" 
0 .0  0 . 5  1 . 0  2 . 5  1 . 5  0 . 5  
0 . 0  0 .5  2 . 0  2 . 5  2 . 0  0.5 
0 . 5  0 . 5  2 .0  3 .0  3 . 0  0 . 5  
0 . 5  0 .5  3 . 0  4 . 0  3 .5  0 . 5  
0 .5  1 . 0  3 . 5  3 .5  5 . 0  1 . 0  
0 .0  1 . 5  1 . 5  3 .5  3 .0  1 .5  
0 . 0  0 . 5  1 . 5  4 .0  4 . 0  0 . 5  
0 . 0  0 - 5  1 .0  1 .0  1 . 0  0 .5  

0 . 0  1 .0  2 . 0  1.0 2 . 0  0 . 0  south-36b" 
0 .0  1 .0  2 . 0  2 . 0  2 .0  0.5 
0 .0  1 .0  2 .0  2 .5  2 .0  0 .5  
0 . 0  1 .0  2 . 0  3 . 0  2 .0  0 . 5  
0 . 0  1 .5  3 .0  4 . 0  2 . 0  0 . 5  
0 .5  1 . 5  4 . 0  4 .5  2 . 0  0 .5  
0 . 5  1 . 0  3 . 0  4 .5  4 . 0  0 . 5  
0 . 5  1 . 0  2 .5  4 . 0  3 . 0  0 . 5  
0 . 0  0 . 5  1 . 0  1 .0  1 . 0  0 . 5  



fornation ProFm 
ecxwn pibctues of the p x ~ v m  a e  present& an the follow- 
h g  pagesB 

1 INBWTA : ...................................................... 
SURVEY HUMBER ! P !  82 
- - -. . ~ - . . 
OBYECTMAME : 3 1 S F 2  
WEIGHT TO MIDDLE OB WALL : B : 2.00 

HEIGHT OF CAMERA : 6 : 1 . 4 0  
CAMERA DISTANCE FROM WALL : 'P f 2 .85  ...................................................... 

2 OVERSHADOWING s 

S DISThNCE FROM CAMERA s 

4 TREE-INDIGATPOH (HOT EVERGREENS) : 



5 OVERSHADOWING AFTER AUTOHATIC WSTPI[EL : 

B DISTANCE FROM CAHERA AFTER &UTBHAfHC WESTFXLL 8 

7 TREE-XNDICATIDN (MOT EVERGREENS) AFTER &UTOPlATPC RESTFILL  6 .............................................................. 



6 OVERSHADOWING AFTER IULTIPLPED TREE-FACTOR : 

B OVERSHADOWING AFTER WEIGHT CORRECTION : ......................................... 

10 RESULT 6FTER BAT& REDUCTION 8 



11 SHGbDOW CHART FOR t 
Gbz XMUTH s 212 ......................... 

12 RESULT s (1-Fs) % 8 46.8 
-----------------------m--- 

)-------_------------------------------* 

: 0.00 0,00 6,26 8.41 0-90 0.00 : 
I--p--_-p_-_--l-p---------------------l* 

: 0.00 0.00 0.87 1,43 0.90 0.00 : 
I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - #  

: 8.01 0.00 8.50 8.48 0.90 0,00 : 
~_P_P_-ll-l_-------p_P---DP-----------------* 

: 0,13 0.00 1.80 1.48 0.70 0.03 : 
~--------_PPI------I_-------W--PP----------s 

: 0.32 0.17 2.40 2.22 1.05 0.03 : 
I-I--_WP-P_~-------------mPP--------------~ 

: 0,43 0.45 2-61 2.93 6.OB 0.43 : 
I - _ _ _ - I - _ - - - C - - P - _ - - - - - - - - - - - l  

: 0.49 1.55 2.75 2.24 O.BS 0.42 : 
._-P_--l-~_----_-------DP--^I 

: 0.42 1.90 1.93 1.85 0.77 0.40 : 

: 0.44 0.99 0.97 0.94 0.40 0.00 1 
~------------PP---l-__I-I--D-PP------P~ 

122 152 882 262 242 272 S82 

shadow-angle 

4 5 

40 

35 

S0 

25 

20 

85 

X0 

5 

0 
azimuth 

The pragrm constantly checks if the data is correct, m d  
m & e s  it pssaBe to correc% data interactively using west- 
ions l i k e  e,g, : 

PLEASE WAIT 
THERE I S  H I S S I N G  A DISTANCE IWFORMBTIOM IW 

COLUMN : 1 
WOW : 8 
BNTER RIGHT DISTANCE : 

&RE THERE ANY FAULTS % ( Y or sneer > ) 
I N  UHICH COLUMN ? 
5 
I H  WHICH ROW ? 
1 
EHTER RIGHT '%=E-IIDICATI[ON : 0 or 1 , ( NOT EVEROMENS ) 
1 

DURIWG THE PWOQRAH YOU WAVE MADE CHANGES 
DO YOU U M T  TO SAVE DATA PEWPIWEHTLY ? ( Y or enter > )  





Where : 

Resulting U-value 
NomaP U-value 
Solar irradiation tkough a nomal dod%e glazed 
window in the heating season. 
Solar reduction due to overshadowing. 
Reduction due to reduction tkough glass, (F=f  for 
a do&le glazed window), 
Coefficient of utilization of transmitted solar 
irradiation gdepnds on the themal inertia Z 

according to Ref 7 ) -  
Difference between indoor ( 20' C) and outdoor 
( 3 . 4 O ~ )  temprature in the heating season. 

r Q$ hours in the heating season: 5088.  





The method used is taken from "Calculations of enerw use in 
smaller buildings" Ref. 7 slightly sbplified and adapted to 
the infomakion conkained in the sumey glaaestiomaire. The 
method has the advantage of presenting an accept&le pictue 
of the effect of the propsed heat consewing features as 
the method ineo rates utilization eoefficiewts for sokm 
irradiation, internal hea% gains and takes into account the 
themal inertia of the building. 

Step 1) The spcifie heat loss is calculated from the 
different building compnents and ventilation 

Transmission : W t  = C A * U * 9 
Ventilation : WV = 0 . 3 4  * V * n 
Specific heat loss : V, - Wb + RV ga/"c) 

A : The area of the particular compnent, 
U : U-value. 
g : Reduction factor, % nomally, 0.8 for parts against 

gsomd and u~eated basement. 
V : Value of building, 
w : Air change h--%, here set to 0,s for all buildings. 

The heat loss Q ~ v  is calculated for each month as : 

Difference htween mem inside and outside 
temprature in the month, 

N B N r of days in the month* 

111 e Conversion of W to kW. 



Step 2) Internal heat contributions Qi = @ -I- $ B ~  1 + ahw 

Persons : Q$ = p * 5.33 ( k~h/month) 
Electricity r Q a a  - 2 W  + p * 2,66 ( k~h/month) 
Hot water t Qhw = 1-25 + p  * 1-51 (k~h/month) 

P r N  r of i~aitants, here set to 1 per 28 mB living 
wea 

Q ;  vmies during the gear, but is shplified kept constmt 
in these calculations, 

Step 3 )  External heat coan$ribution Q r  = C IS + A + Pres 
(k~h/month) 

- F, 9 F, * F a h  * F w  

Solar irradiation for each month for different orien- 
tations of windows (tanlar fom). 
Window area (incl. frme), 
Glass  area/^ 
mershadowing factor (see chapter 6) 
Vindow shading. "S"&ulm fom for a 1st of different 

s of shading and orientations, but is here shpli- 
to F a h  = P.0-~*(0~~56/(~+8~066)+0~015~ 

Beightgcm) of window shading from sumey westiomaire, 
bpth (cm) of window shading from slamey ~estiomaire, 
Glass t reduetion factor r 

P B) Homal two layers of glass- 

1.1 t One layer of glass, 
0.9 Thee layers of glass. 
0.85 : Coated two layer constmction. 



Step 4) Utilization of internal heat contribution and 
solar irradiation for extremely heaw building, 

V m i n  = Punctiongx) (Graph fom) 
In eqression form : 

For x 0 - 7 5  
* (0.83 -+ 0 , 3  * lngx)) Por 8 , 7 5  ( x ( $,75 

For 1 - 7 5  5 x 1 
Step 5) Ueilization 0% internal heat contribution for 

extremely light building. 

X = 

7.1 = Pnnction(x) (Graph fom) 
In emression fom r 

1 For 
O i  = [ l/x * (0.52 + 0.2 * Ln(x)) Por 0.2 5 x K 1 

Step 6) Utilization of solar irradiation for extremely 
light building corrected for internal heat csntri- 
bution. 

X = 
Q t v  - q i  * Q i  

q s  - Fune$ion(w) [Graph fom) 
In eqression fom 

1 For 
= [ l/x * (0.33 + 0.1 * Lngx)) For 0.1 5 x 1 

Step 7) Enerw use for extremely heav building. 



Step 8 )  Enerw use for extremely light building- 

Step 9 )  Resulting enesw use for the actual real building, 

X : Themal i n e ~ i a  as used in sumeg pestiomai~e~ 

The resulting enerw use for heating Q r  has k e n  caPcuPated 
for each month in the heating season (&&,-April) and SW- 

m n i z e d ,  The method has also k e n  used for calcubatisns of 
%he multi-storey buildings, which m e  out of the lhits of 
the method, but the resulk has in each case h e n  evaluated 
and found acceptale for &he pu ses of this projeed. 






