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RULES FOR  

ENERGY EFFICENT HOUSES 

  



SBi 

Danish Building Regulation 

1961, 1967, 1972, 1977, 1982, 1985, 1998, 2006  

 

U-values for  each construct ion part  

• Outer wal l  

• Basement wal l  

• Floor  

• Roof 

• Windows 

 

In 2010 maximum energy demand was  

• reduced by 25%  compared with 2006 

• New rules for  the future  
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• In 2015 requirements wi l l  be t ightened by a tota l  of  50% 

compared with 2006 

• Energy frames becomes 57% lower  

 

• Bui ld ing c lass 2020 was introduced in BR10 by July 

2010 with an addi t ional  t ightening of approx. 75% 

compared to 2006 

• Energy frames for  new bui ld ings t ightened to 42%  

 

 

Tightened energy requirements for 

new buildings from 2010 
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Construction 
U-value 

W/m2K 

External wall and basement walls in 

contact with the soil 
0.3 

Partition walls and suspended upper floors 

adjoining rooms/spaces that are unheated 

or partly heated 
0.4 

Ground slabs, basement floors in contact 

with the soil and suspended upper floors 

above open air or a ventilated crawl space 

0.2 

Ceiling and roof structures, including jamb 

walls, flat roofs and sloping walls directly 

adjoining the roof. 

0.2 

Windows, including glass walls, roof lights 

and skylight domes, external doors and 

hatches to the outside or to rooms/spaces 

that are unheated or partly heated 

1.8 

Rules for U-values 
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Maximal Linear heat losses W/mK 

Between external wall  and ground slabs 0.4 

Between external wall  and windows/doors 0.05 

Between roof  and windows/doors 0.2 

Avoid cold bridges 
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2010 2015 2020 

  
Q <= 5 W/m²  Q <= 4 W/m²  Q <= 3.7 W/m²  

s ≈ 25 cm  s ≈ 31 cm  s ≈ 34 cm 

  
Q <= 6 W/m²  Q <= 5 W/m²   Q <= 4.7 W/m²  

s ≈ 21 cm  s ≈ 25 cm  s ≈ 27 cm 

 
Q <= 7 W/m²  Q <= 6 W/m²   Q <= 5.7 W/m²  

s ≈ 18 cm  s ≈ 21 cm  s ≈ 22 cm 

Dimensioning1 heat loss through  

the opaque thermal envelope ( no doors and 

windows) 

7  

1 storey 

2 storeys 

2+ storeys 

1) DT = 32 °C  
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Heat  loss 3,7 W/m2 and 32 C temperature d i f ference  

 

Average U-values 

 U average = 3.7/32= 0.116 W/m 2K 

Gives around 300 mm insulat ion  

 

Pract ice outer  wal l  wi th  190 mm insulat ion  

 Uwal l  = 0.16 W/m 2K 

 

Ext ra insu lat ion for  roofs  and f loor  to  450 -500 mm 

 U roof  = 0.07-0.08 W/m 2K 

 

NB cold br idges a lso has to  be inc luded  

U-values Case 2020 single 1 storey 



Energy frame – total heating, ventilation, 

 hot water, electricity 

Residential 

2010 

52,5 + 1650/A   kWh/m² year  

 

2015  

30 + 1000/A      kWh/m² year 

 

2020  

20                      kWh/m² year 

Non-residential 

2010 

71,3 + 1650/A kWh/m² year 

 

2015  

41 + 1000/A kWh/m² year 

 

2020 

25    kWh/m² year 
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Typical values for buildings 

Primary energy use 

kWh/m2year 

2006 2010 2015 2020 

Residential, 150 m2 

heated gross floor 

area 
84.7 63.0 36.7 20.0 

Non-residential, 1000 

m2 of heated gross 

floor area 
97.2 73.0 42.0 25.0 
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Rules for year Maximal 

leakage 

at 50 Pa 

Maximal 

opening 

With area = 

160m² 

2010 1.5 l/s pr. m² 21 x 21 cm 

2015 1.0 l/s pr. m² 17 x 17 cm 

2020 0.5 l/s pr. m² 12 x 12 cm 

Air tightness 

2010 :  The  Mun ic ipa l i t y  mus t  requ i re  a  p ressure  tes t  i n  no  l ess  than  

5% o f  a l l  new bu i ld ings  

Fu l f i lmen t  o f  2015  o r  2020  regu la t i ons  requ i res  a lways  a  p ressure  

tes t .  
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    2010   2015  2020 

Facade windows  -33  -17   + 0 

Window energy labels  A or  B or  C  A or  B    A 

 

Windows – Energy balance  

(heating season) 

1 2  

Eref = I · gw – DD · Uw = 196,4 · gw – 90.36 · Uw 

 

gw = total solar transmittance for window 

Uw = total U-value for window 

 
Eref = energy gainfactor in kWh/m2 year 
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• In a dwel l ing the rate of  outdoor a ir  must not be less 

than 0.3 l /s  pr.  m² heated f loor area (½ air -change per.  

hour)  

 

• Ki tchens must be equipped with a cooker hood with 

control lable vent i lat ion and exhaust to the ambient  

 

• Single fami ly houses can be vent i lated by ei ther 

mechanical  or  natural  vent i lat ion  

 

• In case of balanced mechanical  vent i lat ion, the system 

must be equipped with an eff ic ient heat recovery uni t  

Ventilation in dwellings 
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Heat recovery:    Min.  70 % 

Heat pumps: COP (eff ic iency)  Min.      3.6  

 

SEL speci f ic  e lectr ic i ty use   Max. SEL 

        J /m³ 

Mechanical  exhaust vent i lat ion      800 

Mech. vent.  in s ingle dwel l ing   1 000 

CAV (Constant a ir  volume)    1 800 

VAV (Var iable air  volume)    2 100 

Ventilation systems 



 
 

CALCULATE ENERGY FRAME 
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Check that  the bui ld ing is  ins ide the energy f rame  

 Descr ip t ion in  SBi  d i rect ion 213 (Danish)  

Fol lows CEN standards  

 

Input :  

• Areas 

• U-values  

• Windows 

• Vent i la t ion  

• Hot  water  

• Persons  

• Heat  recovery 

• Solar  panels  

• etc .  

Be10 

16 
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Check that  the bui ld ing is  ins ide the energy f rame  

 

Heat demand x EF  

+ Electricity x EF  

– Renewable Energy  

+ Overheating Penalty < Energy Frame 

 
EF a primary energy factor for the used energy  

( can be both below and above 1)  

Be10 calculation 

18 
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Conversion factors to primary energy are changed 

in coming Danish Building Regulations  

 

    2010 2015 2020 

Electricity    2.5  2.5 1.8 

District heating   1.0  0.8  0.6 

Fossil fuels, incl. bio  1.0 1.0 1.0 

Fuel conversion factors 

Primary energy factors 

19 
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• In bui ld ings complying with the low energy c lass 2015 or  

the bui ld ing c lass 2020, the thermal indoor c l imate must 

be documented via calculat ions  

 

• In dwel l ings, inst i tut ions, off ices etc.  the thermal indoor 

c l imate must not exceed 27°C, except dur ing a l imi ted 

number of  hours compared with the reference year  

 

• Documentat ion for  the thermal indoor c l imate can be 

done according to DS474 

 

• For dwel l ings proof can be provided via a s impl i f ied 

calculat ion in Be10 

 

Thermal indoor climate 

20 
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Year Number of hours 
above 27 °C 

Number of hours 
above 28 °C 

2010 No rules No rules 

2015 < 100 < 25 

2020 < 100 < 25 

Max overheating hours pr year 

New 2015 climate data 
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• Extra insulation in walls and roof  

• Use of highly insulated windows 

• Reduction of thermal bridges 

• Use materials with high thermal inert ia to 

reduce problems with overheating  

• Building airt ight 

• Optimal use of solar radiation and daylight, 

including orientation of the building  

• Energy eff icient venti lat ion with heat recovery  
  

 

Overview important for new buildings 



Status 2010 future houses 
• Too high temperatures in 

summer (overheating) 

• Too low temperatures in 

winter 

• Noise from technical 

installations 

• Need for more robust and 

easy-to-use technical 

installations that are fully 

operational at the time of 

moving into the house 



2015 new investigation 

• Low-energy class 2015 (Building Regulations 2010) 

• Based on 370 answers of questionare 

• Average size: 186 m2 

• Heat pump (65%) 

• Ventilation systems with heat recovery (76%) 

• Floor heating (94%) 

• Photo Voltage (71%) 
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Can you recommend others  to  l ive in  a low-energy house? 

Overall satisfaction 

Yes 

Maybe 

No 
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Indoor climate in new house 

compared with former dwelling? 

Former dwelling New house 

Low-energy class 2015 

BR10 
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How do you find temperature 
conditions in your new house 
compared with your previous dwelling? 

Better 
 

Unchanged  
 

Worse 
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How has the temperature been in your 
new house in  winter/summer compared 
with your previous dwelling? 

The temperature has generally been higher 

There has generally been the same temperature 

The temperature has generally been lower 

Winter 2012-2013 

Summer 2013 

The temperature has generally been higher 

There has generally been the same temperature 

The temperature has generally been lower 
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Is the heat consumption as low as you 
expected before you moved into the 
house? 

 

 

 

Yes 

No 

Do not 

know 
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Conclusions 

Overa l l  sat is fact ion wi th  low-energy houses  

The indoor  c l imate is  perce ived pos i t ive ly  

• Problems wi th  overheat ing in  ear l ier  generat ions of  low -
energy houses seems to have been par t ly so lved by the low -
energy c lass 2015 temperature requi rements  

 



 
 

CALCULATED AND MEASURED ENERGY 
CONSUMPTION 

  



SBi 

• Most  people prefer  22C and not  20C as in  the ru les  

 

• +  2C g ives around 16% tota l  h igher  energy consumpt ion  

 

• Fewer  persons in  fami ly or  not  so much home  

 

• More or  less f ree heat  

 

• A i r  change f rom vent i la t ion or  open doors  and windows  

Real energy consumption 
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Example of typical variations in 

energy consumption (500 cases) 

Average +/- 20% 
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Standard deviation for different variables 

C = climate 

B = building 

I  = inhabitants 
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Measured energy demand in Danish 

houses 

3 5  

S B I  

 

Red line – Danish 

Building Regulations 
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Single family house – savings 10%  

for each 1 C lower indoor temperature 
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Blocks of flats 

Hedeparken 1960 – industrialised building 

3 7  

S B I  
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Energy demand of flats MWh/year  

3 8  

S B I  

All flats 2C lower temperature – 20% savings 

 

Left = flat number 

Right = energy demand in MWh/year 
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For  a s ing le f la t  

• Heat  f low to  outdoor  c l imate -  external  wal ls ,  f loors  and 

roofs   

• Transmiss ion  

• Vent i la t ion  

• Solar  rad iat ion  

• Heat  f low to  sur rounding f la ts  –  in ter ior  wal ls  and f loors  

• Above 

• Below 

• Right  

• Lef t  

 

Energy balance 

3 9  

S B I  
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  Original Insulation 

between 

flats 

Realistic 

Flat 7 -71% -40% -58% 

Flat 8 above 18% 10% 14% 

Flat 6 below 13% 7% 10% 

Flat 2 left 7% 2% 5% 

Flat 11 right 16% 4% 13% 

Example – centre flat 2 C lower indoor 

temperature 
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I f  al l lowered the temperature 2 C then 20% 

savings 

 

Single family house 20% 

 

Single f lat in block max 70% - min 0% 

Depending on neighbours behaviour   

 

 

Energy Savings 

4 1  

S B I  



MOISTURE IN HIGHLY INSULATED 
CONSTRUCTIONS 
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SBi  s tudy based on  

• L i t terature  

• Calcu lat ions  

• Measurements  

 

 

Moisture in highly insulated constructions 
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• Outer  par t  co lder  

• Higher  humid i ty in  outer  par t  

• A wooden outer  panel  wi l l  be more wet  

• The drying out  wi l l  take more t ime  

• Bui ld ing mois ture  

• Dr iv ing ra in  

• Leakage 

 

• Calcu lat ions f rom Sweden of  d i f ferent  cases  

• 220 mm insulat ion  

• 520 mm insulat ion  

 

Wall construction 
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Relativ Humidity (RF) with 220 mm 

Periods with 

mould risk 
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Relative Humidity (RF) with 520 mm 

 

Periods with 

mould risk 

- Longer with 

520 mm 



SBi 

Vent i la ted roof  const ruct ion  

• Much used const ruct ion in  todays houses  

• The a i r  temperature in  the at t ic  wi l l  not  change very much for  

more insulat ion at  the at t ic  f loor  

 

 

Norwegian ca lcu lat ion of  roofs  wi th  

• 100 mm 

• 250 mm ( todays pract ise)  

• 500 mm 

• 750 mm 

Roof construction 
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Relative humidity(RF) in ventilated roof 

 Norwegian calculation 

Same for 

250 mm 

500 mm 

750 mm 
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• Lower  temperature of  the outer  sur face  

• S l ight ly increased r isk  for  mois ture  

• Drying out  is  s lower  

 

Important  

• Keep moisture out  in  the bui lding period  

• Bui ld air t ight – MAKE CONTROL 

• Fol low moisture design guidel ines  

 

 

Moisture in highly insulated constructions  



EDUCATION  

MASTER IN BUILDING PHYSICS 
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Why Master in Building Physics ? 

 

• Need to reduce the energy consumption in 

the existing building stock 

• Many building damages come from moisture.  

• A better moisture design is much needed.   

Before only short courses.  

• Master in Building Physics is an accredited 

education (approved by the ministry) that 

provides formal qualifications.  

- The program is research based, which among 

other things means that the student meets 

the leading experts in the field. 

- Most teachers come from the SBi and are 

also involved in writing Directions for the 

Danish Building Regulations 
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Time 

• 2 year  on hal f  t ime;  equiva lent  60 ECTS point  

• Per iod September  2015 -  June 2017 

• Star t  once a year   

Pr ice  

• Whole Master  in  Bui ld ing Phys ics :  13.000 €.  (4  x 3 .250 

€. )  

• S ing le courses á 5 ECTS point :  1 .100 €.  

 

A l l  courses in  Danish  

Time and price 

52 
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Heat  (5  ects )  

Mois ture(5 ects )  

Air  t ightness and vent i la t ion  

   (5  ects )  

1. semester: Basis – theory and practice 

53 
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Indoor  and outdoor  c l imate(5 ects )  

Energy,  Heat  and mois ture ca lcu lat ions (10 ects )  

 

Be 10,  BSIM.  Heat  2 ,  WUFI   

 

2. semester: Calculations 

54 

One-

dimensional 

heat flow 

Two-

dimensional 

heat flow 

cold brigde 
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Condi t ion Assessment ,  Bui ld ing Fai lures,  Re - insulat ion and 

Refurb ishment(10 ects )   

 

New bui ld ings –  

new mater ia ls  and so lut ions (5 ects )  

3. semester: Practice 

55 
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Final  pro ject  (15 ects )  

 

 

 

 

 

 

 

 

 

Typica l  pro jects  in  the f i rm – new or  renovat ion  

Must  inc lude some research in  the case  

4. semester 

56 
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At  least  two years  of  re levant  work exper ience in  const ruct ion 

and bui ld ing technology   

Basic  educat ion:  

 

• Master  o f  Sc ience in  Engineer ing  

   (bu i ld ing technology)  

• Bachelor  o f  Engineer ing  

   (bu i ld ing technology)  

• Bachelor  in  Arch i tectura l  Technology and Const ruct ion 

Management .   

• Arch i tect   

   (Bui ld ing technology)  

 

Entry requirements 

57 
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September October November December January 

36 40 45 
49  

3 week 
1 

37 

1 week 
41 46 50  

2 

examination 

38 42 47 51 3 

39 43 48 52 4 

  
44  

2 week 
   53   

1. semester – autumn 

58 
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Time Monday Tuesday Wedensday Thursday Friday 

  

8.00-

11.45 

Heat teory 

and practice 

Heat teory 

and practice 

Moisture 

theory 

Air 

tightness 

and 

ventilation 

Air 

tightness 

and 

ventilation 

            

12.30-

16.30 

Heat teory 

and practice 

Moisture 

theory 

Moisture 

theory 

Air 

tightness 

and 

ventilation 

  

Education week 

59 
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• The Danish Bui ld ing Regulat ions has ru les energy eff ic ient  

houses for  the fu ture.  

• The bui ld ing indust ry can prepare for  the new ru les in  2020  

• A s tandard program Be10 is  used to  cont ro l  the energy f rame  

• The rea l  energy consumpt ion can be d i f ferent  f rom the 

theory.  

• The inhabi tant  are the most ly respons ib le  for  d i f ferences.  

 

• New bui ld ing wi th  th icker  insu lat ion wi l l  dry out  more s lowly,  

but  the r isk  is  low i f  mois ture gu ide l ines are fo l lowed.  

 

• A new par t  t ime educat ion for  energy sav ings and mois ture 

design (Master  in  Bui ld ing Phys ics) .  

  

Summary 
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SYDHAVN   

Aalborg University Copenhagen 
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