
• Available Ex-stock within 24 hours 

Compactgas • For installation as single or multiple units 

• Built In draught diver1or lor low head room 
limited floor area and easy plant room ' 

40kW-70kW 

access 

• Shunt pumps not required for return 
temperatures 35"C and above 

• Independently tested and approved 
to BS 5978 and BS n9. 

Hartley & Sugden 
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Atlas Boiler Works, Gibbet Street, Halifax, W. Yorks HXI 4DB. Tel: (0422) 55651. Fax: 0422 59636 Telex: 517210 HARSUG G. 
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RADIANT TUBE -HEATERS - EX-STOCK 

Willment Way, Avonmouth,. i:=:=r-l 
Bristol BS11 80J 
Tel : 0272 821415 r-:l'IF""-''7rO I 

Telex. 449302 
Fax, 0272 820630 

A Mtmbe• Comp.:inv ol Mer10U H•mon Holdmg~ 
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Brilish Gas Approv9d 
Designed and manufac1u1ed al Ho1i1on's 

Bristol worlr.s. 

* Gas fir_ed. fully automatic, high efficiency * No floor space needed, wall mounted or 
suspended overhead 

* Save energy, heat your working area, not 
your roof space .......... ,. * Choice of Model 45,000 Btu/Hr (13Kw), 
75,000 Btu/Hr (22Kw). 130,000 Btu/Hr 
(38Kw) 

Specify: U-tube; straight tube models, 
or the HORIZON 'Octopus' system, ie 

up to 10 heaters flued together to 
outside. 

THIS ADVERTISEMENT COULD 
SERIOUSLY IMPROVE YOUR 

EFFICIENCY 
If you have no interest in reducing 
costs and increasing efficiency, we 
can do nothing to help you. But if 
you have, then you should look 
very closely at the Proctor range 
of coal-fired stokers as an 
integral part of your heating 
system. 

Automatic firing and de-ashing leads to 
reduced attendance levels and with 

outputs ranging from 600 - 5 ,OOOKw, 
there is a Proctor stoker for most 

applications. Together with 
automatic control, this can 

positively assist your efficiency. 

WARNING 

And if one day you see the 
wisdom of your choice 
reflected in the balance 
sheet, well don't say we 
didn't warn you! 

For more information, call Andrew Proct ... ow on: (0282) 53816, or circle the reader-r.1m reply number. 

JAMES1>ROCTOR LTD 
(Combustion Engineers since 1873) 

P.O. Box 19, Hammerton St., BURNLEY, Lancashire BBll lLJ. Tel: (0282) 53816 Fax: (0282) 416178 Telex: 635146 Stoker G. 
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TECHNOLOGY FILE 0 VENT/LA TION ,j 
II 
I 

Demand-controlled ventilation 
An auditorium at Flakt Evaporator AB, Sweden, shows the benefits of 
controlling ventilation systems through carbon dioxide measurement. Ove 
Strindehag and Per-Goran Persson report. 

In rnany buildings the benefits 
of maintaining good air quality 

~ arc offset by unnecessary con
sumptjon of energy for heat
ing, cooHng and distribution of 
th ·ventilation air. 

Good air quality can be 
maintained at minimum energy 
consumption by controlling the 
ventilation rate to suit the con
taminant content in rhe indoor 
air. In buildings wirh this type of 
dema nd-controll ed ventila
ti(JO, it is generally assumed 
1hat the occupants are the 

' principal contaminant source. 
Therefore, in such cases, the air 
quality can be monitored by 
carbon dioxide sensors. 

An adult person produces , 
typically 15-20 litres of COi/h 
a:; parl of their normal brea
thing process. For a given 
a'~tivity level it is safe to assume 
tha the amount of C02 gener
ated is proportional to the 
occupancy level in the building. 
Hence by employing a C02 sen
sor in the ventilation control 
sysrem, airflows can be , et to 
suit tbeoccupancy level. 

A newly-built auditorium at 
FUikt Evaporator AB in 
Jokoping, Sweden. utilises 
such a demand-controlled ven
til ii ti on system. The audi
torium i designed for a max
imum occupancy level of 60 
peuple. The floor area is 100 m2 

and the ceiling height 3-9 m, 
hence the volume of 390 m3 

corresponds to 6·5 m3/person at 
faU capacity. 

The auditorium is equipped 
With a vavventilation system. In 
such systems, the air flow is 
normally varied to maintain the 
required temperature in the 
pr~mises. However, a vav sys
tem can very well operate as a 
demand-controlled system, the 
air is then controlled to main
tain a certain air quality. 

Air is supplied to the pre
tnises at floor level by FHikt 
low velocity supply devices. 
l'he exhaust air is vitiated 
through two long slot type de
~ces located in the ceiling ad
Jacent to each long wall. The 
Ventilation system cools the 
Premises and lphw radiators are 
\ll;ed to supply make-up heat at 
low outdoor temperatures. 

The system can deliver sup-
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Air terminal unit ,----------, 
I I 
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Auditorium 

15-20"C 
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I 
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1 Air flow sensor 

2 Damper 

3 Electric air heater 

4 Control unit 

5 Room temperature sensor and set point selector 

6 Carbon dioxide sensor 

Above, figure I: Diagrammatic arrangement of the control system fort he 
auditorium. 
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Above, figure 2: Measured C02 concentration and airflowwhentheventilation 
system is under combined temperature and C02 control and the auditorium is 
occupied by 30 persons. 

ply air at any rate between 220 
and500 litres/s. In addition, the 
system supplies a basic flow rate 
of 50 litres/s which does not pass 
through the flow controller in 
the supply air terminal unit. 

Supply air is cooled or 

heated in a central ahu to a 
temperature of 15-20°C, de
pending on the outdoor 
temperature . The ahu is also 
equipped with a humjdifier. 

The supply air flow rate is 
measured in the terminal unit 

by means of an orifice plate and 
a differential pressure sensor 
connected to it. The flow con
troller increases the air flow on 
a rise in room temperature or an 
increase in the C02 content. 
The air flow supplied to the 
room is not affected by pressure 
variations in the duct system of 
the building. 

. The C02 sensor and the 
temperature sensor are both 
connected to the control unit 
normally included in the vav 
system (see figure 1). The sen
sor that controls the outdoor 
air flow at any given time is 
dependent on factors such as 
the occupant loading, outdoor 
temperature and solar loading. 

The- CB2 sensor , which 
operates on the photo-acoustic 
principle, is well suited for 
measuring the C02 contents 
occurring in indoor air ..:. those 
generally ranging between 300 
and 2000 ppm. Moreover , the 
low price of the sensor makes it 
justifiable for demand control 
and monitoring. 

The control unit is preset so 
that the output signal from the 
C02 sensor begins to control 
the air flow when the C02 con
tent of the room has risen to 
more than 600 ppm. If good air 
quality is to be maintained it is 
desirable , in an auditorium , to 
restrict the content to 700-900 
ppm. Higher C02 content may 
affect the attentiveness of the 
auditorium occupants. 

The air quality in the audi
torium is monitored by the C02 
sensor, which is located midway 
along one of the long walls, 
about 3 m above the floor. The 
C02 content, along with the 
indoor temperature and supply 
air flow rate, is indicated on a 
display unit at the rear of the 
auditorium. 

Numerous readings of C02 
content air flow and room 
temperature were taken in the 
auditorium at different occu
pant loadings and different 
outdoor conditions. The 
measured C02 contents agree 
very well with the expectations, 
based on the assumption that an 
adult person doing sedentary 
work emits 15-20 litres of 
CQ,/h. One can conclude that 
measurement of C02 content in 
a room provides a quick check 
of whether or not the correct 
rate of outdoor air flow is being 
supplied to the room. 

Figure 2 show an example 
of the readings taken in the 
auditorium, which had pre
viously been empty for several 
hours. The C02 content and the 
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Above: Display unit showing room temperature. airflow and carbon dioxide 
content. 

air flow changes for the hour 
following entry of 30 people is 
shown. 

When measurements were 
started, the C02 content in the 
room air was around 340 ppm, 
which agrees very closely with 
that of outdoor air. The air flow 
was initially 220 litres/s, but in
creased quickly to about 380 
litres/s when the C02 level rose 
to more than 600 ppm. Due to 
the increased air flow, the C02 
content was restricted to a max
imumof750ppm. 

Figures 3 and 4 illustrate that 
a vav system in which both 
temperature and C02 control 
are combined can adjust the air 
flow very quickly to suit the 
prevailing occupant loading. 

In the first case, 44 people 

E 
a .s 
g 
~ 
i'l 
c 
8 

8 
200 / 

were present in the auditorium 
for almost one hour and the vav 
system was only temperature 
controlled. The C02 content 
increased to about 1020 ppm in 
50 minutes. During this period 
the air flow did not have time to 
change and remained at the 
original value of220 litres/s. On 
this occasion the room thermo
stat setting was22°C. 

Figure 4 illustrates the sequ
ence of events in the normal 
case when the vav system is 
under both temperature and 
C02 control. The room thermo
stat setting was also 22°C. 
Although the number of occu
pants was somewhat higher -
51 persons as compared to 44 in 
the previous case - the C02 
level did not exceed 820 ppm. 
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Above, figure 4: Measured C02 concentration and airflow when the ventilation 
system is under combined temperature and C02 control and 51 people occupy the 
auditorium. 
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Above: The new auditorium at Fla kt Evaporator is equipped with an air quality 
controlled vavsystem. 
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Above, figure J:Measured C02 concentration and airflow when only temperature 
control is operative andthe auditorium is occupied by44 persons. 

This is because the air flow in
creased quickly from the origi
nal value of220 litres/s to about 
500 litres/s when the C02 con
tent exceeded 600 ppm. As 
illustrated by the measure
ments carried out, it is advis
able to combine temperature 
and C02 control to meet all of 
the loading conditions that may 
occur in an auditorium. 

The measurement prog
ramme has demonstrated that 
demand-controlled ventilation 
can provide major benefits in 
premises in which the occupant 
loading varies unpredictably 
and also in which the activities 
demand a good indoor climate 
with good air quality. 

In addition to auditoria, 
these conditions also apply to 
schools and other educational 
premises in which strict de
mands are made on the con
centration performance of the 
occupants, ie faculties that are 
highly dependent on the room 
temperature and air quality. 

The Swedish Council for 
Building Research is providing 
support for the planned instal
lation of air quality controlled 
vav systems in schools and simi
lar premises. 

This article is based on a paper which 
appeared in A1/-lnfiltration Review, Vol I 0, 
No 2 and is reproduced with permission. Ove 
Strindehagand Per-Goran Persson are with 
Flakt Evaporator AB, Sweden. 
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TECHNOLOGY FILE 0 ENERGY PLANT 

l~ero energ)F 
co-operative 
j Schultz and K Beatt>e report on a combined heat 
and power plant in Aeroskoebing, Denmark, which 
meets 90% of t~e town's heating requirements 
while making maximum use of indigenous fuel. 

Above: The two 200 kW windmills produce 783 MWh annually. 

In 1981 a group of citizens on 
the Danish island of Aero be
came interested in the con
struction of a renewable 
energy plant for the island's 
largest town , Aeroskoebing. 
The aims of the group were to 
use indigenous fuel on the is
land for energy and reduce the 
dependence on imported fuel 
oil. The island has a population 
of9000andanareaof88km2• 

The Aero e nergy co
operative is now operating the 
new chp plant which is provid· 
ing 90% of the town's district 
heating requirements as well a 
a considerable part of the 
electrical power consumption. 

boiler combined with effective 
flue gas purification eliminates 
the pollution involved in bur
ning straw in the fields, as well 
as using a fuel which would 
otherwise be wasted. 

The combined energy plant 
consists of a 1600 kW straw 
burning boiler, a 325 kW 
electrically driven heat pump, a 
140 kW diesel motor generator, 
two 200 kW windmills, 1000 m2 

of solar panels and heat accu
mulation tanks of235 m3. 

The straw burning unit is the 
largest heat-producing part of 
the system and produces app
roximately 60% of the plant's 
total heat output. The 225 m2 

Table I: Solar panel performance 

barn can house 120 straw bales, 
each weighing 1/2 tonne, which 
covers up to five days consump
tion in the winter period. The 
annual straw consumption of 
around 2500 tonnes is stored in 
a number of nearby barns. This 
accounts for approximately half 
the surplus straw which exists 
from Aero's farming. 

After delivery to the plant, 
the large bales are transported 
automatically by crane up to a 
closed straw divider, after 
which the loose straw is fed by a 
stamp into the unit. The straw 
contains 3-7% ash which is re
turned to the fields as wet ash. 

The heat sources for the heat 

pump are the 1000 m2 of solar 
panels; the straw boiler flue-gas 
condenser; the diesel generator 
flue-gas condenser and the en
gine room space cooler. 

The solar panels are divided 
so that half are situated on the 
south facing roofs and half on 
stands in the surrounding 
grounds facing 20° south-west. 
The solar panels are made of 
black plastic and are not 
covered by glass since the 
higher temperatures associated 
with glass covered panels are of 
no particular advantage to the 
heat pump circuit. The panels 
are capable of absorbing heat 
from the air until the ambient 
temperature is as low as 5°C. 
However, the absorber water 
containing 10% of glycol as 
antifreeze protection will not 
achieve temperatures higher 
than 30°C (see table 1 ). 

The stra\v boiler flue-gas 
condenser and diesel motor 
condenser reduce the flue gases 
to below the condensing 
temperatures so that as much 
heat as possible can be re
covered. The space cooler re
covers radiant and convective 
heat from the diesel generator 
plant and heat pump. 

Heat is also recovered from 
the diesel motor generator us
ing a a heat exchanger on the 
motor cooling water circuit. 
The electricity produced by the 
generator is partly used 10 oper
ate the heat pump and ancil
lary plant , and partly sold to 
the electricity company. 

The co-operative consists of 
representative from the 
county council. farmers, power 
Plant company· district heating 
company and originators. 

Month Solar energy Heat produced Panel efficiency Average water Average water 

In the fight against pollution 
the plant replaces the u eof fuel 
oil and so spares the environ
ment the effects of sulphur 
f~om the fuel oil. Highly effi
cient burning in the straw 
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(1989) 

Feb 
Mar 
Apr 
May 
jun 
Jul 

available 
(kWh) 

2877 
32 366 
92352 
150622 
139 633 

• 124920 

from solar energy (%) temperatur.e temperature leaving 
(kWh) entering solar solar panels (0 C) 

panels (0q 
0 4·99 19·08 
8530 26 7-25 20·33 
4600 5 10·00 15·52 
45470 30 17·05 21·97 
83 TIO 60 20·28 21·02 
92050 74 19·16 19·90 
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