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Energy Index and the Calculation of Heating Demand

e Space heating demand
* Indoor heat balance and heating
e A (simple) way of heating demand estimation

e Energy Index
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Space heating demand

Space heating accounts for 58% - 62% of household energy use in UK

Energy used for Space heating's share of all
space heating (TWh) household energy use
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UK. CAR, Eclipse. United Kingdom Housing Energy Fact File. By Jason Palmer and lan Cooper. N.p.: n.p., 2013. Web. 09 July 2015.
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STAYING BELOW 2°C: THE CHOICES WE FACE

With current pledges on the table to cut emissions, we are heading to a 3.3° C
warming future. No further action before 2020 will limit society’s choices.
As temperatures rise, so do the impacts.
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3-4°C
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60

2-3°C 20-30% increase extreme precipitation
50 Risk of global mass extinctions
40 Global crop decline
30 Significant Amazon dieback
b4 Millions risk displacement by sea level rise
20 1.5-2°C Tipping point For Greenland Ice Sheet
10 High risks For regional food security
0 1.5°C Major risk to most coral reefs
Food production losses
1990 2000 2010 2020 2030 2040 2050 . o
e e Extreme heat waves with severe societal impacts
LEGEN D = Emission reduction pledges Pathwary ko warming below 1.5%C in 2100
Evww.climateactiontracker.org
Ecofys | Climate Analytics | PIK
http://www.climatechangenews.com/2013/05/10/is-it-time-to-abandon-the-2-degree-warming-target/
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Space heating demand

Reducing heating demand for the occupants

Cut running costs (i.e. heating bills)

Source: https://www.flickr.com/photos/59937401@N07/5856793551/player/2efa2e32af

Smaller mechanical systems, cutting
installation and maintenance costs

The building relies less on mechanical systems
to maintain comfort, therefore less risky

[ )__

Source: http://www.homesweethomefund.com/lower-the-cost-of-your-hvac-system/
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https://www.flickr.com/photos/59937401@N07/5856793551/player/2efa2e32af
http://www.homesweethomefund.com/lower-the-cost-of-your-hvac-system/
http://humor-world.blogspot.co.uk/2008/09/feeling-cold.html

Indoor heat balance and heating

(Active) heating is provided to maintain the indoor heat balance at a
desired temperature (set-point temperature)
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Indoor heat balance and heating

(Active) heating is provided to maintain the indoor heat balance at a
desired temperature (set-point temperature)
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Indoor heat balance and heating

(Active) heating is provided to maintain the indoor heat balance at a
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Indoor heat balance and heating

(Active) heating is provided to maintain the indoor heat balance at a
desired temperature (set-point temperature)
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Based on measurements and simulations of a large sample of
residential buildings in the UK

GLR = (internal + solar) / (fabric + ventilation + infiltration) over the year
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Based on measurements and simulations of a large sample of
residential buildings in the UK
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For quick comparison of annual heating demand of different designs,
and suggesting where to improve based on analysis of the heat balance

100

% hoating requirsment mal by
ussiul solar and intamal galns

% heating requiremant 1o be ma
by conventional appllances
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Energy Index

Originally developed by Simos Yannas in the UK solar energy R&D program for
a housing design guide in 1994

Has built-in data of annual average outdoor air temperature and solar radiation
for 11 locations across the UK

Two indices based on measurements and simulations of a large sample of
residential buildings in the UK are used to improve the accuracy of estimation

The complete calculation steps of El have been assembled in an Excel
spreadsheet by us.
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Method contained in the Book: Solar Energy and Housing Design, S. Yannas, 1994

dts

-

SOLAR ENERCY AND HOUSING DESIGN
[ A S

L]
-
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Energy Index

The spreadsheet has three worksheets:

I Energy Index {Steps of calculation ‘ El data baseﬂ J + .

All inputs are here Shows you each step  Built-in data
of the calculation
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Energy Index

Title of the section

Name of the input : the input value
| |
! SITE INFORMATION :
Dwelling type Small house
Laocation London
Latitude 51° 28
Annual mean temp [° C] 11.98

You only need to give
inputs to the cells with
white background
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Energy Index

Not influencing the calculation but help you check the inputs

|

|

I SITE INFORMATION

']
Dwelling type @ : Small house
Location : London
Latitude 51° 28
Annual mean temp [ C) 11. 98

Form Heat Loss factor =
Heat loss arca / Treated Floor arca

0> il g
e 5 Halve the heat loss area.
%/’90;' - , halve the insulation thickness
o PR (W s P o
S“foof' N GO =S
°f‘.~_.-"o' - s SOL
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Energy Index

Not influencing the calculation but help you check the inputs

SITE INFORMATION

Dwelling type Small house
Location London
Latitude 51° 28
Annual mean temp [ C) 11. 98

Select a location from the list. The latitude, annual mean (outdoor air)
temperature, and all the solar radiation data of that location will be applied in
the calculation automatically
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Energy Index

Sky View
Angle (v)

Take an average when multiple
obstructions present, the
obstruction angle is applied to
all orientations for solar gain

Chatruction
(e) :

Figure 1: a) Sky Solid Angle (Capeluto, 2003),

b) Sky View Angle (v) and Angle of Obstruction (¢) (Brown, G. Z., 2001) calculation
|
l SPACE LAYOUT
1
{bstruction anglevin degrees (integer) 10
Floor-to—ceiling height [m] 2,83
Ventilation rate [ac/h) 0. 75 !
Space volume [m'] 113.2
Overall window—to—floor ratio [%)] 69, 0%
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Energy Index

Sky View
Angle (v)

Take an average when multiple
obstructions present, the
obstruction angle is applied to
all orientations for solar gain

Chatruction
(e) :

Figure 1: a) Sky Solid Angle (Capeluto, 2003),

b) Sky View Angle (v) and Angle of Obstruction (¢) (Brown, G. Z., 2001) calculation
|
: SPACE LAYOUT
1
{bstruction anglevin degrees (integer) 10
Floor-to—ceiling height [m] : 2,83
Ventilation rate [ac/h) 0. 75 !
Space volume [m'] ; 113.2
Overall window—to—floor ratio [%)] 69, 0%

Total ventilation rate including infiltration, and fresh air ventilation
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Energy Index

Floor (total) includes all floor areas, either internal, or external (ground,
exposed). For multi-story building, add all floor areas together.

BUILDING ELEMENTS
Opagque Area [m*] : U-value (W/mKkl

Floor (total) , 40

Exposed floor 38.2 0. 48
Wall (gross) 56.7 0. 16
Roaf g 20 § 1.2
Other i 10 ! .3
Mean U-value [W/mK] 1.12
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Energy Index

Area and U-value of each of the element (if multiple rooms present, sum the
areas of their floors, walls and roofs)

BUILDING ELEMENTS

Opagque Area [m*] U-value (W/mKkl
Floor (total) 40
Exposed floor | 38, 2 5 0. 48 i

Wall (gross) 566.7 0. 16
20 § 1. 2

Koot
10

Other ; 1.3
[Mean U-value [W/m°K) : 1. 12

L 8 8 8§ 1§
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Energy Index

Area and U-value of each of the element (if multiple rooms present, sum the
areas of their floors, walls and roofs)

BUILDING ELEMENTS

Opagque Area [m*] U-value (W/mKkl

Floor (total) 40
Exposed floor | 38. 2 5 0. 48 I'
Wall (gross) 56. 7 0. 16 |
Roof 20 § 1.2 :
|

Other 10 : 1.3

[Mean U-value [W/m°K) : 1. 12

-_— [N N |
L 8 8 8§ 1§

Note that the gross area of the wall is needed. You don’t need to exclude the
window area, which will be done automatically after you specify the windows
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Energy Index

Area and U-value of each of the element (if multiple rooms present, sum the
areas of their floors, walls and roofs)

BUILDING ELEMENTS

Opagque Area [m*] U-value (W/mKkl
Floor (total) 40
Exposed floor | 38. 2 5 0. 48 i

Wall (gross) 56. 7 0. 16
20 § 1. 2

Koot
10

Other ; 1.3
[Mean U-value [W/m°K) : 1. 12

L 8 8 8§ 1§

Mean U-value of all the exposed building elements, giving a summary
of the overall insulation level of the opaque building fabrics
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Energy Index

Divided into five orientations, and it will apply the built-in solar radiation data to
calculate the solar gains through the windows on each of the orientations

J| Transparent Area [m°] % Frame Net (glazing) area [m°] Window-to-floor ratio [%] Glazing type U-value [W/m'K] Floor reflectance (0.2 - 0.8) Net solar gain [kWh]

N 1 12 20 9.6 30 G 2.9 0.2 1690

SA | 20 0.0 ] G 0 0

E/fW 20 0.0 [} G 0

SE/SW 20 0.0 [} G 0

5 15.6 20 12.5 39 DG 2.9 0.8 4222

Total 27,6 5912
!
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Energy Index

Divided into five orientations, and it will apply the built-in solar radiation data to
calculate the solar gains through the windows on each of the orientations

0
| : : :
I Area of the windows and their U-values together determine
] :
I the amount of heat losses through the windows
: r---------- ------------ ----------1
I I
]
| ] I
| [ I
! ' !
: ! Transparent Are |2[m L % J;x"]ame Ket (glazigr.lgs) area [m°] i‘indortoff:l!:nr Tatio [%] Glazig type U*va].u;- swfmel(] | Floor reflectT:e 0.2 -0.8) Net sola;s;:in [kWn1
:‘E./NW [ | 20 0.0 0 i3 [} 0
| UNIVERSITY OF
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Energy Index

Divided into five orientations, and it will apply the built-in solar radiation data to
calculate the solar gains through the windows on each of the orientations

|
| . . .
i Area of the windows and their U-values together determine
| .
i the amount of heat losses through the windows
: .—---------- ------------ ----------1
I |
|
I | |
I | |
I : :
) ! Transparent Are Iz[m] | | % I;I;me Net (glazigr.l%) area [m] i‘indortoff:la:or ratio [%] Glazig ype L'*va].u;- EEWm"TCI | | Floor reflectT:e 0.2 - 0.8 Net sola;s::in [kin]
:‘E./N'ﬁi 20 0.0 0 6 [ i
I I
| |
| |
| |
L-----J

The net glazing area (without the
window frame) is used for calculating
the amount of solar gain
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Energy Index

Divided into five orientations, and it will apply the built-in solar radiation data to
calculate the solar gains through the windows on each of the orientations

Area of the windows and their U-values together determine
the amount of heat losses through the windows

1
1
|
|
|
|
|
|
|
|
1
I
I
I
I
I
I
I
I
I
I
I
I

Floor reflectance (0.2 - 0.8) Net solar gain [kWh]
2,9 0.2 1690
0 [}

ea % Frame Net (glazing) area [m°] Window-to-floor ratio [%] Glazin,
- 12 20 9.6
e/ N 20 0.0
E/W 20 0.0

SE/SW 20 0.0
3 15.6 20 12.5

]
2
&
8
B
2
S
=
=)

0
0
2.9 0.6 4222
5912

glele=ly

[rp—— IR

| I— The glazing type and floor
reflectance affects the transmission
and absorption of solar radiation by
the space

The net glazing area (without the
window frame) is used for calculating
the amount of solar gain
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Energy Index

Divided into five orientations, and it will apply the built-in solar radiation data to
calculate the solar gains through the windows on each of the orientations

Area of the windows and their U-values together determine
the amount of heat losses through the windows

1
1
|
|
|
|
|
|
|
|
1
I
I
I
I
I
I
I
I
I
I
I
I
1
1
1
1
1
1
1
1
1
1

-

€ % Frame Net (glazing) area [m°] Window-to-floor ratio [%] Glazing type U-value [W/m'K] Floor reflectance (0.2 - 0.8) Net solar gain [kWh]
N 1 12 20 9.6 2.9 0.2 1690

ne/vw il 20 0.0 [] 0

EAW 20 0.0 0

SE/SK 20 0.0
3 15.6 20 12.5

0
2.9 0.6 4282
5912

- | 5|22 E|E

L8 B N N |
L8 B N N |
N N N N N N N N N _JBESEIEE

b d The glazing type and floor
The net glazing area (without the reflectance affects the transmission
window frame) is used for calculating; and absorption of solar radiation by
the amount of solar gain : the space

Measures the amount of glazing
relative to the size of the dwelling
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Energy Index

Divided into five orientations, and it will apply the built-in solar radiation data to
calculate the solar gains through the windows on each of the orientations

Area of the windows and their U-values together determine
the amount of heat losses through the windows

1
1
|
|
|
|
|
|
|
|
1
I
I
I
I
I
I
I
I
I
I
I
I
1
1
1
1
1
1
1
1
1
1

-

€ % Frame Net (glazing) area [m°] Window-to-floor ratio [%] Glazing type U-value [W/m'K] Floor reflectance (0.2 - 0.8) Net solar gain [kWh]
N 1 12 20 9.6 2.9 0.2 1690

ne/vw il 20 0.0 [] 0

EAW 20 0.0 0

SE/SK 20 0.0
3 15.6 20 12.5

0
2.9 0.6 4282
5912

- | 5|22 E|E

L8 B N N |
L8 B N N |
N N N N N N N N N _JBESEIEE

(I The glazing type and floor
The net glazing area (without the reflectance affects the transmission
window frame) is used for calculating; and absorption of solar radiation by
the amount of solar gain : the space I

Auxiliary heating
fraction (AHF)

Measures the amount of glazing
relative to the size of the dwelling =
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Energy Index

Annual total internal gains of the whole building = daily total internal gains
[kWh/day] x 365 days

60W PC X used for 3 hours perday X 365 days

|
|
I
! =60 X 3 X 365 / 1000 = 65.7kWh
I
|
|
|

INTERNAL CONDITIONS
—t
Internal gains [kWh] 1@ 3639
Additional internal gains [kWh] E
Fuel type (Gas, 0il, Electricity, Coal) Gas
Mean indoor temperature [° CJ 21
| UNIVERSITY OF
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Energy Index

Annual total internal gains of the whole building = daily total internal gains
[kWh/day] x 365 days

60W PC X used for 3 hours perday X 365 days

|
|
I
! =60 X 3 X 365 / 1000 = 65.7kWh
l
|
|
|

INTERNAL CONDITIONS

Internal gains [k'ii'hi 1 3639
Additional internal gains [kWh] E

Fuel type (Gas, 0il, Electricity, Coal) Gas
Mean indoor temperature [° CJ 21

Heating set-point temperature
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Energy Index

Annual total internal gains of the whole building = daily total internal gains
[kWh/day] x 365 days

60W PC X used for 3 hours perday X 365 days

|
|
I
! =60 X 3 X 365 / 1000 = 65.7kWh
l
|
|
|

INTERNAL CONDITIONS
1

Internal gains [k?hi 1 : 3639
Additional internal gains [kWh]

Fuel type (Gas, 0il, Electricity, Coal)
Mean indoor temperature _° CJ

Gas
21

Select a type of fuel to obtain the cost and carbon
emission

Heating set-point temperature
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Energy Index

HLC

Building element
Area [n'] Uﬂqll;e'fi:'\;rase) A X U WE]
Roaf 20.0 x 1.20 A - 2400
Windaws 27,6 N x 2.90 N - 50.04
]
Walls (net) 29.1 x 0.16 = 4. 66
STEP 1: Ground floor 38.2 x 0.48 A - 18.34
HEAT LOSS Other 10.0 x 1.30 N = 13,00
COEFFICIENT
Volume of the Ventilation rate
space (1] [ac/h] 0.33XNXV [WE]
Ventilation 0.33 * 113. 20 X 0.75 = 28.02
Building heat loss coefficient [W/K] 168. 05
Heat loss per m° floor area [W/Km'] 168. 05 + 40 4.20
|
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Energy Index

Check those values to see how much each
building element and ventilation contributes
HLC to the total heat loss

2 1
i Building element i
l o i ) FSTET
| [W/uK] - |
I Roof 2.0 x 1.20 ) | 24.00 |
1 Windows 276 x 2.90 N | 50. 04 ‘I
Walls (net) 29.1 x 0.16 N 1 - 1,66 !
STEP 1: Ground floor 38,2 x 0.48 A " 18. 34 |
HEAT LOSS Other 10.0 x 1.30 e 13,00
COEFFICIENT i |
Volume of the Ventilation rate 0.33%XNXV [W/EK] I
space [n°] [ae/h) I !
Ventilation 0. 33 x 11320 x 0.75 1 - 28,02 |
[ N N N B N
Building heat loss coefficient [W/K] 168. 05
Heat loss per m° floor area [W/Km'] 168. 05 + 40 4.20
!
UNIVERSITY OF
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Energy Index

HLC

Check those values to see how much each
building element and ventilation contributes
to the total heat loss

|
| |
i |
| |
i |
i Building element =
l . e G F=TET
I [W/uK] -
I Roof 2.0 x 1.20 | 24.00 |
1 Windaws 27.6 x 2.90 | 80. 04 |
Walls (net) 29.1 x 0. 16 | 466 |
STEP 1: Ground floor 38.2 x 0.8 I 18.34 |
HEAT LOSS Other 10.0 x 1.30 1 13,00
COEFFICIENT i :
“’s;cm: U[fm,l]he venm[::;:? rate I 0.33XNXV (WK |
Ventilation 0.33 x 113.20 x 0.75 1 28, 02 |
_
Building heat loss coefficient [W/K] ! 168,05 |
Heat loss per m° floor area [W/Km'] 168. 05 + 40 | | 4.20
= - r - -
|
|
|
!
HLC of the whole building
and per unit floor area
!
UNIVERSITY OF
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Energy Index

Indoor-outdoor Temperature
difference when heating is applied

Mean indoor temperature [° C] I 21
9 Mean annual outdoor temperature [° C] (obtained from EI data base Table 13.2) Pl oy -
STEE N Mean indoor-outdoor temperature difference [° C or Kl : 9. 02 I
HEAT LOSS Annual total Mean in-out temp Building heat loss
hours/1000 [kh] difference [K] coefficient [W/K]
Annual heat loss [kWh] B. 76 T x 4,02 X 168. 05 = 13278
. :
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Energy Index

Indoor-outdoor Temperature
difference when heating is applied

Mean indoor temperature [° C] I 21
Mean annual outdoor temperature [° C] (obtained from EI data base Table 13.2) Pl oy -
STEP 2: Mean indoor-outdoor temperature difference [° C or Kl : 9. 02 I
HEAT LOSS Annual total Mean in-out temp Building heat loss
hours/1000 [kh] difference [K] coefficient [W/K]
Annual heat loss [kWh] B 76 T x 4,02 X 168. 05 = 13278

Total hours of a year = 8760 hours

UNIVERSITY OF
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Energy Index

Transmitted Fraction Fraction retained Net solar gain
Correction fact Gl
Findow orientation cuion faetors radiation (Table unobstructed a5 aros. [u2] (Table 13.3) [kWh]
13.2)
N 0,98 4 209, 79 x 0. 982 x 9.6 x| 0,872 = 1690
Ld
TEP NE/NW 0.00 x 0.00 X 1] X i} X 1] = 1]
S 3: B 0.00 x 0.00 x 0 x 0 x| 0 = [i
SOLAR AND ’
SE/SW 0.00 s 0.00 X 0 X 1] FY 0 = o
INTERNAL HEAT 5 1.00 4 465, 49 x 0. 982 x 12. 48 x [ = 4222
GAINS Total annual solar gain [kWh] 5912
Internal gains [kWh] " 3639
Total annual heat gains [kWh] 4551
:
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Energy Index

100 0
xe
H £
28 3
F $E
i §:
i « i
i fl
© £ [
.?% 33
iz *3
.
0 100
0 0.5 1 1.5 2
GLR
0. 507 N 0. 514 0. 536
STEP 4: Gains to loss ratio (GLR) 4551 + 13278 = 072
GLR AND AHF  — rm:‘:;: — i 0. 50 L 50T =24 0.514 0.514 =2+ 0. 536 =54 Efji
|
AHF is a function of GLR and . London ; ot
window-to-floor-ratio s o ;
x B -
g g . .
- ¢
-§ ________________________ 2 % 55 ................
2 k B ! '
S N — i g ¢
L 5 @
L4 <
a+ 04

0 5 10 15 20 25 30 35

Window-to-floor ratio, %

0 5 10 15 20 25 30 35
Window-to-floor ratio, %
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Energy Index

Continuous heating (at least 18 hours per day)
I

Conituous heating
Total [kWh] 0. 536 x 13278 = 7116
STEP 5: per 2 floor area [k¥n/n2] 7116 + w® - 71,9
ANNUAL SPACE Total primary energy equivalent [k¥n] " 10775.9
HEATING Intermitent heating
REQUIREMENT Tatal [kih] 0.85 ! X 716 6049
per m2 floor area [kiin/m2] 6049 + 40 151.2
Total primary energy equivalent [kWn) 9159, 5
|
|
|
|
|

Intermittent heating means heating
off during part of the day (normally
when the space is not occupied) and
on in the rest of the time

UNIVERSITY OF
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Energy Index

Continuous heating (at least 18 hours per day)
| 8 P y AHF Annual total heat loss
| 1 |
Conituous heating I I
Total [kWh] 0. 536 x 13278 = 7116
STEP 5: per 2 floor area [k¥n/n2] 7116 + w® - 71,9
ANNUAL SPACE Total primary energy equivalent [k¥n] " 10775.9
HEATING Intermitent heating
REQUIREMENT Tatal [kih] 0.85 ! X 716 6049
per m2 floor area [kiin/m2] 6049 + 40 151.2
Total primary energy equivalent [kWn) 9159, 5
|
|
|
|
|

Intermittent heating means heating
off during part of the day (normally
when the space is not occupied) and
on in the rest of the time
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Energy Index

Continuous heating (at least 18 hours per day)

Conituous heating F I I
Total [kWh] 0. 536 x 13278 = 7116
STEP 5: per n2 floor area [kifn/n2] 7116 = 40 = 177.9
ANNUAL SPACE Total primary energy equivalent [kih] " . 10775.9
HEATING Intermitent heating Ty s_‘
REQUIREMENT Total [kWh] ~ 0.85 x 7116 6049
per n2 floor area [kia/n2] Ni‘ 6019 0 151.2
Total primary energy equivalent [kih] e g ~ 9159, 5
-  ay
| S~ S
o ~
| S~ ~
-~ ~
e J ~
| Sao -
| al ~ ~
-~ ~y
1 ~, O~

Intermittent heating means heating
off during part of the day (normally
when the space is not occupied) and
on in the rest of the time

The primary energy equivalent is
calculated for the selected fuel type

UNIVERSITY OF
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Energy Index

Conituous heating

STEP 6: Fuel cost [£] 0.020 FY 7116 = 142
- L4 Al
02 emissions [kgl 0271 X 7116 = 1932
FUEL COST AND
EHISSIONS Intermitent heating
0o, Fuel cost [£] " 0,020 x 6049 - 121
€02 emissions [kel " aom x 6049 - 1642
!
UNIVERSITY OF
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Calculate the Iexcessive gains

STEP 7: 0.7 i 6912 0. 75 ®x 3639 + V116 13278 2541
OVERHEATING ==5 1 P
RISKS = 0. 84 i for \L\;rzban H mem mem Peak temperature [*C ] (from Fig. 13.3 and calculated excess gains) 28.3
i 0.94 ; for E and W M aXI m u m Number of hours a':EfJ‘.'c-Z':E °C [h] I{I'rarr. Fig. 13.3 and calculated excess gains) " 43
o ————— . . I
1 indoor air |
0 Hours above 27°C I
‘ temperature, oo 200 300 400 I
A factor will be s P e ' ,
<elected HHE : R T T R Assume 27°C is
. - AT ! ZHi  the upper limit
depending on the !
. : i+ HE : Y i H  of the comfort
orientation where % : HHTH T band
! an
most of the 8 : i LT
windows are g’ T : i T
positioned i : A H R
821 HHH: -
1 i t 1 +r
= South
27T 23 2 N N R I MU B
Peak tempenature, *C = SouthWest
- West
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