









































The Energy Design Value
is(3) + (4) + (5) = 128.75W/m2PEU

The Energy Design Value in this example is less
than the maximum value of 141.0W/mZ2 given in
Figure 5 for secondary school general teaching
and is therefore acceptable.
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Figure 5
Maximum Energy Design Values for different
building types

Basis:

primary schools — average density 3.72m2/pupil
middle schools — average density 5.0m2/pupil
secondary, general teaching areas (also HFE
general teaching areas) average density 4.85m2/
pupil {(up to 4 storeys)

secondary, crafts and science (also HFE C&S)
average density 8.48m2/pupi|.

For PE buildings the maximum energy design value
should be 108 W/m2 PEU.

4. Annual Energy Consumption Value

The Annual Energy Consumption Value is the
prediction of the overall energy performance of a
design. It is expressed in kWh/m2 of floor area in
Primary Energy Units. Again this is the
algebraic sum of the gains and losses over a
model year and is corrected for seasonal effi-
ciencies and converted to primary energy. For
this, the following factors have been taken:

Seasonal! Primary Energy
Conversion Input per Unit
Efficiency of Delivered
Fuel % Energy
Electricity, normal
tariff 100 3.73
Electricity, off
peak 75 4.97
Manufactured fuels 63 2.22
0il 63 1.71
Natural gas 63 1.68
Coal 60 1.70

1 Reflects seasonal operating efficiency of whole system in the
building.

It is necessary to construct a model year on which
to base calculations so that comparisons can be
made. For this purpose a normal school day is
considered, as evening and holiday use could only
be accounted on individual designs according to
the expected use patterns which will vary from
school to school. Likewise, kitchens and other
process loads have been excluded from the calcu-
lations. Length of heating season, September —
May = 195 working days, number of school days,
including 9 days for cleaning and maintenance
etc = 160.

From IHVE Guide B, UK average degree days
over this period for normal working hours = 2231
(use local figure).

Assuming a medium weight building (most
school buildings are) and intermittent use of
plant, and disregarding occupancy and other
miscellaneous gains, the base temperature = the
internal design temperature.

.". base temperature = 18°C
ratio Dd/D 15.5 =1.30

Hence, equivalent annual
operation E =24 x 2231 x 1.30
19

= 3664 hours
Correction for mode of operation
(a) 5 day week = 0.8 x i_g_(g) = (.66 (for school use)
(b) intermittent use.. . . =0.75
(c) 7hourday. .. =0.96
Corrected E = 3664 x 0.66 x 0.75 x 0.96

= 1731 hours.

The period of full occupancy at 5 hours per day is
taken for metabolic gains at full density, that is
151 x 5 = 755 hours during the heating season.

Hot water and miscellaneous power require-
ments are assumed for 1400 hours per annum;
heating circulators and fans for 1120 hours per
annum. Annual lighting energy consumption
can be taken from Figure 8 unless more accurate
information relative to the proposed design is
available.



Example

Taking the same building design as used for the Design Value (paragraph 3 above) calculate the Annual

Energy Consumption.

W/m2
Heating Energy

Losses

Fabric & Ventilation 73.12

Hot Water Service 2
Gains

Occupancy 14.43
Misc. power 3

Lighting — (80% of
annual total from Fig 8!,
30% glazing, 6m room depth)

Nett heating requirement, (1) —

Electrical Energy

Lighting (from Fig 8)
Pumps

Power

Running Hours

X 1731
X 1400
X 755
X 1400
46 x 0.8
3.73
(2)

X 1120
X 1400

Thus the Annual Energy Consumption Value

PEU Conversion TotalkWh/m2PEU

1.68
1.68

1.68
1.68

1.68

3.73
3.73

212.64
4.70

217.34...(1)

18.30
7.06

16.57

41.93...(2)

217.34-41.93

175.41kWh/m2

46.00
8.35
15.67

70.02

175.41 + 70.02

245.43 kWh/m2PEU

This lies within the recommended value of energy consumption given in Figure 6. Had it been higher,
the design would have been reconsidered in order to identify the factors leading to excess energy
consumption and then to adjust them so as to come within the recommended value.

1 Recent BRE survey shows that 80% of annual lighting use

occurs during heating season.
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Maximum Annual Energy Consumption Values in relation to area of building for different building types.
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Figure 6

No allowance has been made in the computation
of the curves in Figures 5, 6 and 7 for the effect of
solar radiation, as it is not always available in
urban sites, and because control of admission and
utilisation is not always generally possible at the
present time. Nevertheless solar gain can help to
reduce energy consumption and it is hoped that
improved techniques may allow the more
effective use of the building as a solar collector
during the heating season.

17

380

370
>
w
a 360 \
\
g HFE, general teaching
L 350 1-4 storeys
~ (assuming 1360 hours
E accupation in heating
s season)
2 340 N
v
=
s
= 330 NS
i)
a
£ <
2 320
Q
o
>
(2
2 310
w
K|
=}
g
< 300

1000 1500 2000 2500 3000

Gross floor area—m2

Figure 7

Note:
Maximum Annual Energy Consumption Value for
PE spaces — 195 kWh/m2
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Figure 8

Annual Primary Energy Consumption for electric
lighting in relation to vertical glazed area in external
walls, for various depths of space from window wall.
Based on the following assumptions.

That switching is logical in relation to daylight levels
and that the hours when daylighting is below 300 lux
at various Daylight Factors is:

DF below 0.5% —1640 hours
DF0.5-1.0% —1600 hours
DF1.0-2.0% —1280 hours
DF 2.00-4.0% — 700 hours
DF over 4.0% — 250 hours

Base lighting level 300 lux at a loading of 12 W/m2
Reflection factors — walls — 30% (average including
pinboard areas etc)
ceiling — 70%
floor— 15%
Floor—ceiling height 2400mm, window height
1500mm, cill height 9300mm.
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5. Annual Energy Cost

Taking the same example from paragraph 3
above for annual energy consumption and
costing the fuels at the appropriate rate, a total
annual running cost can be calculated. This can
then be updated when fuel prices change to give a
design cost prediction. As with the Annual
Energy Consumption Value, these figures are
only for design purposes and may not correspond
to actual running costs because of the great
variations that are consequent on users’ habits.
There is also difficulty in accounting for the
Maximum Demand rate on electrical costs which
can be as much as twice the cost of the actual
electricity consumed during the winter months.

Example

Some attempt has been made to indicate this
effect by averaging the costs from a sample
number of schools over a period of years, and it is
suggested that a similar exercise is done in each
case because rates vary throughout the country.

The costs taken for this example, based on prices
ruling in September 1978, are as follows:

Gas 0.6 pence per kilowatt hour
Electricity 2.78 pence per kilowatt hour
excluding MD
3.5 pence per kilowatt hour
including MD

As most schools will be on Maximum Demand
meters, the final figure is taken in the example.

The same basic figures that were used in the Primary Energy Calculations for gains and losses can be
used, the only difference being that the PEU conversion is replaced by a cost conversion. As with the
PEU conversion it is convenient to have seasonal efficiency included, thus a seasonal efficiency of 63%
for gas will give a conversion factor of 0.95.p/kWh. Electricity for lighting is used at near 100%

efficiency, so that the conversion factor is 3.5.p/kWh.

W/m2 Running Hours  Cost Conversion Total pence/ m2.p.a.
Heating Costs
Losses
Fabric & Ventilation 73.12 X 1731 X 0.95 = 120.24
Hot Water Service 2.0 X 1400 X 0.95 = 2.66
122.90

Gains
Occupancy 1443 X 755 x 0.95 = 10.35
Misc. power 3.0 X 1400 X 0.95 = 3.99
Lighting — (80% of
annual total from Fig 8) 46.00 X 0.8 x 0.95 = 9.37

3.73 23.71
Nett heating cost 122.90 -23.71 = 99.19...(1)
Electrical Costs
Lighting (from Fig 8) 46.00 X 3.5 = 43.16

3.73
Pumps 2.0 X 1120 X 35 = 7.84
Power 3.0 X 1400 X 3.5 = 14.70
Nett electrical cost = 65.70...(2)

The costs of related items of fabric and plant have now to be assessed. These are:

Fabric costs of windows, walls, floor and roof discounted at 5% over 60 years.
Plant costs including heating plant, lamp and fittings replacement, and rewiring discounted at 5%

over 20 years.

In this example this amounts to fabric

The total annual cost is the sum of (1), (2), (3) and (4)

= 171.55...(3)
plant = 81.94...(4)
= 418.38p/m2 p.a.

This value is not more than the appropriate point on the curve of Figure 9. Other suitable fuels can be
considered and a similar calculation carried out to assess the total costs of alternatives.



6. Annual Energy Consumption Values for
Existing Buildings

The efficiency of an existing building may be
assessed using the same method of calculation.
The annual consumption figures (less any
kitchen use) for the various fuels should be
available. These will first need to be assigned pro
rata on an area basis to the main uses (eg general
teaching, science and craft, PE). It may also be
necessary to correct for hours of occupation and
weather so as to relate to the model. Each figure
should then be converted to PEU and added to

give the total annual energy consumption for
each use.

Example

Consider a school of 11000m2 floor area, 2:1
aspect ratio, 50% window to wall area which is
situated in the Thames Valley. In addition to
normal school hours of use, 500m2 of the building
is occupied during the evenings for 12 hours each
week for 30 weeks.

During the 1977/78 heating season there were
1989 degree days in the Thames Valley area and
the quantity of fuel oil used by the school during
that period — September to May — was equivalent
to 6112.8 GJ (1698 mWh). The electrical energy
consumed during the year was 972.0 GJ (270
mWh).

Calculate the Annual Energy Consumption
Value in kWh/m2 of floor area in PEU and
compare it to the value for a 2:1 aspect ratio given
in Figure 10. Similar curves may be drawn for
other aspect ratios and areas of glazing.

Heating Energy

The predictions of annual energy consumption in
Figure 10 (as in Figure 6) are based upon an occu-
pancy of 7 hours per day and upon the UK
average number of degree days — see para. 4 —and
so the energy figures given above must be
corrected.

If the energy consumed during the evening use
has not been separately metered, an average
annual heating requirement per square metre of
floor area may be calculated in order to deter-
mine the annual value due to the 500m2 of
evening use. Because the hot water service
energy requirement is small — about 2% of the
heating need — it may for this purpose be ignored.

Average annual heating = 6112.82 GJ

per m2 of floor area 11000m2
= 0.56 GJ/m2

Energy required for

500m?2 of evening use = 0.56 x 500
= 280.00GJ
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Balance for school use

7 hours per day =6112.82-280.00 GJ

= 5832.82GdJ
This energy figure may now
be corrected to allow for
1989 degree days only
compared to the UK average
of 2231 days and becomes 5832.83 x 2231

1989

= 6542.49 GJ
and converted to kWh/m2
and primary energy units =6542.49x1000x1.08

11,000 x 3.6

Annual heating energy = 178.43 kWh/m2 PEU
Electrical Energy

The figure given for electrical energy has also to
be corrected to allow for 7 hours of occupation

Annual lighting for evening

use at 12 W/m2 floor area

and 500m?2 =500 x 12 x 12 x 30
106

=2.16 mWh

and for miscellaneous
power + heating pumps

at 5 W/m2 =500 x 5 x 12 x 30
106
= 0.90 mWh
Balance for school use = 270-(2.16 + 0.90)
= 266.94 mWh
Convert to kWh/m2
and PEU = 266.94 x 3.73 x 0.09
Annual electrical energy = 89.61 kWh/m2 PEU
then Annual Energy
Consumption Value = 178.43 + 89.61

= 268.04 kWh/m2 PEU

This figure is greater than the annual value for
11000 m2 given in Figure 10 of 225 kWh/m2
PEU. This suggests that this building would use
energy more efficiently if energy conservation
measures were carried out. Building Bulletin 55
gives detailed guidance on the effectiveness of
various measures and Design Note 16 shows how
they have been applied to two existing schools.

For a particular building with a different aspect
ratio and glazing area from those given in the
example, the model Annual Energy Consump-
tion Value may be calculated using the method in
paragraphs 3 and 4 and applying the standards
for new buildings. The efficiency of the building
may then be assessed by comparing its actual
energy consumption to the model value.
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APPENDIX 1

THE EFFECT OF ASPECT RATIO ON
ENERGY CONSUMPTION

The plan shape of a school and the length of its
perimeter will be determined by many factors, of
which the need for energy conservation is only
one. Aspect ratios are a convenient means of
assessing the effect of various plan forms on
energy conservation at an early stage in design.

The aspect ratio is the ratio of length (1) to
breadth (b) of the rectangle that has the same
area and perimeter as that of the proposed plan
form of the building. Neglecting orientation and
other site influences, the energy performance of
this equivalent rectangle will be the same as that
of the building to which it is related. Also, the
average depth of room given in the equivalent
rectangle will be the same as in the building
design being examined.

The shape of the equivalent rectangle deter-
mined by aspect ratio can be visualised more
readily than that from the wall:floor area ratio.
The aspect ratio may well indicate a shape not
envisaged, thus giving a warning that a plan
form may not be as efficient as was first thought.

For example, consider the building plan shape on
the left below which has an area of 2700m2 and a
perimeter of 270m. At first it may be thought that
this plan shape is equivalent to the shape on the
right.

30
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However, closer examination will reveal that the
perimeter of this rectangle is only 210m, that is
60m less than the design being analysed and
consequently not representing the shape in every
way. The true aspect ratio is found by solving the
quadratic equation arising from the known
details, 2(1 + b) = perimeterand1 x b = area. For
a rectangle of area 2700m2 and perimeter 270m
the aspect ratio is 4.5:1, but for the same area
with a perimeter of 210m the aspect ratiois 1.3:1.

Thus the true equivalent rectangle of the plan
shape being considered is as shown below and the
average room depth is 12.2m or breadth divided
by 2.

110.6

24.4

In order to provide an easily used design tool, the
equations have been solved for a variety of areas
and perimeters, these are shown in Figure 4 with
the derived average room depths.

Figure 11 below demonstrates the effect of aspect
ratio on the total annual energy consumption of a
building. The effect over the whole range is about
15%, the effect over a more restricted range, of up
to 12:1 aspect ratio, is about 7%.

The effect of reducing the ‘U’ value by half'is also
about 7%, all other factors remaining the same.
Thus a high aspect ratio can have the effect of
negating the possible energy savings from low ‘U’
values.
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wall and roof constant.



APPENDIX 2

CALCULATION SHEETS FOR ENERGY DESIGN VALUE AND ANNUAL ENERGY
CONSUMPTION VALUE

(Ref: Section D of DES Design Note 17, ‘Guidelines for Environmental Design and Fuel
Conservation in Educational Buildings’; 1981).

1. ENERGY DESIGN VALUE (see paragraph 3)
Basic Data

a. Assumed Conversion Efficiencies

Energy Source Instantaneous Conversion  Primary Energy Input per unit of
Efficiency % Delivered Energy
Electricity, normal tariff 100 3.73
Electricity, off peak tariff 90 4.14
Manufactured Fuels 74 1.89
0Oil 75 1.44
Natural Gas 74 1.43
Coal 70 1.46

b. Typical Occupation Densities

These should be calculated by dividing the gross floor area of the proposed buildings by the actual
number of pupils for which they are designed. For typical values refer to Figure 5.

c. Aspect ratio and average room depth to be derived from perimeter length and area (see Appendix 1
and Figure 4).

Calculation
i Activity (eg secondary, general teaching) =
ii Density of Occupation = pupils/m2
iii Number of Storeys =
iv Gross Floor Area = m2
v Perimeter = m
vi Aspect Ratio (Figure 4) =
vii Average Room Depth (Figure 4) = m
viii Floor-Ceiling Height = m
ix Window:Wall Ratio (internal elevation of external wall) =
x Overall Height = m
xi Roof Light Area = m2
xii Wall:Floor Ratio =
xiii Design Temperature Difference (inside—outside) = °C
Xiv Ventilation Rate (see paragraph C5) =
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Heat loss per square metre of floor area

U values Heat Loss W/m2
Opaque Area of Walls W/m2°C

Opaque Area of Roof W/m2°C

Ground Floor W/m2°C

Windows W/m2°C

Roof Lights W/m2°C

Ventilation 30m3 per person per hour

Total Heat Loss (W/m2, floor area delivered energy) (1)
Heat Gain per square metre of floor area Heat Gain W/m?2
Occupants (70W per person)

Electric Lighting

Miscellaneous Power

Total Heat Gain (W/m2 floor area delivered energy) (2)
NETT HEATING REQUIREMENT (1) — (2) - W/m2floor area (3)
HEATING FOR HOT WATER SERVICE = W/m2floor area (4)

Electrical Energy
Lighting

Miscellaneous Power

Heating System Circulators

TOTAL ELECTRICAL ENERGY

W/m2 floor area

(W/m2 floor area (5)

CONVERSION TO PRIMARY ENERGY (see paragraph 1a)

(3) x heating conversion factor + (4) x hot water heating + (5) x electrical conversion factor
conversion factor

= W/m2PEU + W/m2PEU +

ENERGY DESIGN VALUE =

W/m2PEU

W/m2PEU floor area

(Refer to Figure 5 for model value)
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2 ANNUAL ENERGY CONSUMPTION VALUE (see paragraph 4)

Basic Data

a. Assumed Conversion Efficiencies

Seasonal Conversion Primary Energy input per unit of
Energy Source Efficiency % Delivered Energy
Electricity, normal tariff 100 3.73
Electricity, off peak tariff 75 4.97
Manufactured Fuels 63 2.22
0il 63 1.71
Natural Gas 63 1.68
Coal 60 1.70

b. Calculation of running hours (see page 15 for model year).

Number of working days = days. Number of Degree Days = days (1)
Base temperature = °C
Ratio Dd/D 15.5 = (2)
Equivalent annual operation (1) x (2) x 24 = hours (3)

Design temperature difference

Correction for mode of operation

i. 5dayweek = 4)
ii. intermittent use= (5)
iii. lengthofday = 6)
Corrected equivalent hours of operation (3) x (4) X (5) x (6) = hours
Hours of occupancy for Metabolic Gains = hours
Hours running for Miscellaneous Power = hours
Hours running for Fans, Circulators etc = hours
Annual Lighting Energy Consumption
(Figure 8 or actual if known) = kWhPEU
Other Energy Consumption

(for example, electric motors for mechanical ventilation)
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Calculation
Heating Energy

Losses W/m2 Running
floor area Hours

Fabric and
Ventilation (see 1(1)) X

PEU Conversion
(see paragraph 2a)

Total
kWh/m2 PEU

Hot Water
Service (see 1(4)) X

Gains

Occupancy x

Total Losses =

(1)

Misc. Power X

Lighting (see 2b)
(80% of annual total in Delivered energy)

NETT HEATING REQUIREMENT (1) — (2)

Total Gains =

(2)

(3)

Electrical Energy

Lighting

Pumps X

Power X

TOTAL ELECTRICAL ENERGY

ANNUAL ENERGY CONSUMPTION VALUE (3) + (4) =

4)

kWh/m2 PEU

(Refer to Figures 6 or 7 for model value)

Observations
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