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1 Evolution of Heating Systems
1.1 Introduction to heating systems
As heaters have evolved throughout recent history, from the stove to rapid response
radiators, weight and water content have decreased considerably.
In the past, a good heater was that which provided abundant heat over a long period, a
functional system in non-insulated spaces. Now, building conditions have changed. In
recent decades, construction has constantly improved; materials, roofs and walls,
insulation, adjustments, etc.

1930
25 litres

1960
12 litres

1980
7 litres

2002
1 litre

Evolution of radiators over time
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As a result of these improvements, heating systems are reducing the amount of energy
they must provide. It is easy to heat a building, but the real goal is to maintain a constant
temperature while we are in it, whilst maximising the benefit of incidental heat sources.
One of the improvements in heating systems is focused on heat transmitters, or radiators.
As shown in the image, radiators have gradually become lighter and need less water
content to work which means that they do not need to store up heat energy through high
thermal mass in order t giv high output. Because, as you may quickly conclude, the
greater the weight and water content, the longer the installation takes to heat up and the
longer it takes to transmit heat to the room. Low mass, low water content heat emitters
have much lower thermal inertia and therefore deliver heat when it is required without
excessive storage, improving energy consumption.

1.2 Energy efficiency
One of the main demands we make of a heater when heating a building is that it responds
rapidly to the requirements made of it. Both when turning the system on and when
maintaining the ideal temperature in the building, making use of the possible variations in
free incidental heat sources that take place throughout the day, a fast responding heat
emitter is the obvious choice.
When we talk about incidental heat sources, we are referring to free energy, and we
should take full advantage of this energy without compromising comfort. Examples include
solar gain, electrical appliances such as computers or lighting, and also the number of
building occupants.
So to efficiently heat a building, when designing the heating system, we should expect to
achieve the best possible performance in the following key areas:
1) The start-up of the system, when we want to reach a comfortable temperature as
soon as possible and with minimum energy consumption.
2) That the comfortable temperature is maintained as precisely as possible, that is, that
it reacts rapidly without excessive rises or drops in temperature despite the influence
of possible "external factors".
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2 Energy Efficiency and Sustainability in Heating
Systems
In order to make the best possible contribution towards our national commitment to
reduce carbon emissions, we should ensure that our heat emitters make the best possible
contribution towards the design of an energy efficient heating system.

2.1 REQUIREMENTS OF AN EFFICIENT HEAT EMITTER

2.1.1 Low inertia (low water content and low mass)
With a lower water content and less radiator mass, we can achieve better control over its
output and heat more efficiently.
High inertia means greater energy consumption to heat the transmitter, even before it
spreads to the room, but moreover, when there is a free energy contribution such as the
sun or an increase in room occupants, energy loss will also occur when the radiator
continues to produce heat that we do not need and the comfort level decreases when the
building is overheated

2.1.2 Running at low temperature
Due to improvements in the construction industry and the consequential reduction in
energy loss, the water flow temperature can be reduced to limit the energy consumed in
heating the water for a building’s heating system. Therefore, on the one hand, we avoid
energy loss in the system (pipes, pumps, etc.) and on the other, we improve the efficiency
of the boiler. The radiators to be installed should reach an optimal heat output, and be
able to give off measurable output with water flow temperatures as low as 40ºC, for
example when using ground source heat pumps or other low energy systems.
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2.1.3 Quick response and temperature control
A low water content radiator absorbs a lot less heat and responds at least three times
faster to temperature fluctuations coming from the boiler (when heat is needed in the
room) or, on the contrary, when solar radiation or other heat sources suddenly appear
and it is no longer necessary to transmit heat.
1. Lower mass means less inertia, and therefore more sensitivity in responding to
orders from the boiler or the thermostat, thereby achieving a more well-regulated
temperature.
2. A quicker reaction time means a reduction in the time taken to reach the ideal
temperature after a change. In this way, we reach greater comfort.

Detail of the evolution of the temperature in a room, showing the differing reactions of a conventional radiator
and a low mass, low water content equivalent with the appearance of external factors (sun or clouds).
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2.1.4 Energy savings
As a general measure explained above, we should limit the energy consumption we use in
heating a building.
Start-up of a heating system

-

A low water content radiator has less water in the heating circuit, so the
boiler takes less time for the installation to reach its maximum yield.

-

This reduced amount of mass to heat at start-up therefore means greater
energy savings. In approximately 8 minutes, the radiator is at full output
and the boiler can start to fully take advantage of its modulation, reducing
it’s flow temperature quickly.

-

In this way, we also reach the ideal temperature sooner and the comfort
level is greater.

Moreover, as a consequence of these energy savings, we are contributing to the
sustainability of the heating system by creating a considerable reduction in CO2 emissions.

2.1.5 Safety (contact temperature and avoiding injuries)
According to safety regulations (DHSS DN4), the maximum surface temperature in order
to avoid any risk of burns from coming into contact with a heating element surface is
43ºC. This has long been an issue in certain types of building, such as care
accommodation, nursery and primary schools, but we are now seeing an appreciation of
this risk in any building used by the general public.
Above this temperature, a child, elderly person or someone who may or may not have
impaired sensory faculties, could sustain burns. Besides, the radiation produced by a
higher temperature could damage furniture and sensitive electronic equipment. As the
water temperature in a heating system is often considerably higher than the safety
temperature (DHSS DN4), special care must be taken in choosing a heat emitter that
keeps high temperature areas, such as pipes, taps, valves and radiant surfaces hidden or
hard to reach in order to avoid exposing users to risks.
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Jaga Low-H2O complies with this rule without altering its design. In 2002 Jaga received
the Golden Bridge innovation award in the United Kingdom for the development of its
low surface temperature equipment for radiators, as applied to the British market, a
pioneering market in safety requirements for public works.
In the design of the "body" of the radiator, we must also consider the shape and structure
of the heater itself as a safety concept. Removing corners and reducing edges to offer
rounded or angled edges decreases the degree of possible injuries and gives heaters that
fulfil these requirements added value.

2.1.6 Comfort (temperature homogeneity)
According to research by Professor Ole Fanger on air quality and comfort inside buildings,
we should start heating from the areas with the greatest heat loss, in order to reach a
more homogeneous temperature. The results of asymmetrical heating in a room can
cause reduced comfort.
We must know that in every building, depending on the building materials used, roof and
wall quality, window size, orientation and exposure to the outside, etc., we will have areas
with greater heat loss, which will therefore absorb the heat around them, leaving people
who are near them with a sensation of cold. Therefore, we must be very careful in
designing the heating installation and positioning of heaters so that the comfort level is
the same throughout the room or building, avoiding noticeably higher or lower
temperature areas.
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Low water content elements use natural convection to generate a greater air distribution
with a lower air temperature output. They provide healthy and consistent heat in the room
and in addition, reduce the risk of dampness and mould growth, evenly reaching every
part of the room (average range of 6m).
In the installation design, we must take account of the fact that that radiators emit heat
two ways:
1. By radiation: the heat exchange that takes place between two masses at different
temperatures, one being the transmitter surface and the other, the volume of air in
the room. This gives us an asymmetrical heating model in which we have areas
with different temperatures, leading to inadequate heat distribution.

2. By natural convection: the natural movement that occurs in the air when it is
heated and comes into contact with a heat source and its density changes. In this
way, heated air expands, becomes less dense and lighter, and therefore tends to
rise, filling up the volume of air in the room and creating a continuous movement
of colder air from the floor toward the heat source. Better heat distribution,
greater range and even temperature distribution.
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As shown on the graph, radiation concentrates heat around the radiator, creating
temperature imbalances within the room. Besides, in the corners farthest away from the
heaters, and especially with new building techniques in which the insulation levels are
much greater than with traditional ones, moisture and mould can appear as a result of
condensation and air stagnation.
In a natural convection system, the temperature distribution is much more homogeneous,
as the movement of the entire air volume reduces vertical stratification and achieves a
more even temperature distribution throughout the room, thereby avoiding air currents. In
this way, we achieve greater comfort levels.

2.1.7 Radiators in front of a window
In some countries in northern Europe, and specifically in Germany, placing radiators with
high radiation rates in front of full length windows is not allowed.
One of the reasons for this is that this kind of radiator creates a greater energy loss in its
output due to radiation through the window toward the outside. Studies show that this
loss is estimated at around 8% of the total radiator output. To reduce this loss, an antiradiation screen limiting output toward the inside wall/window must be placed.

Low-H2O radiators are exempt from this rule as they do not radiate toward the window.

Likewise, we should keep in mind that on the coldest days, when there is a big
temperature difference between the inside and outside, radiation can cause structural
tensions in the glass in windows, possibly causing damage that is not covered under glass
manufacturer guarantees.
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2.1.8 Aesthetics
Nowadays, function and aesthetics in objects are equally important. We demand that the
items we use everyday not only work, but also that they do so well and have a pleasant
design that goes with the other elements in the home, work or study environment. Of
course, a commitment to timelessness in the design is always sought, so that elements
that in principle are merely functional can be combined with any type of ambience,
appealing to the collective idea of classic elegant style or incorporating it into a totally
modern avant garde atmosphere.

2.1.9 Storage and transport
Transporting heating components from factory to site is costly not just in monetary terms,
but also to the environment in terms of vehicle emissions. Space taken up for storage on
site is normally at a premium and must be used efficiently. Lastly, it should be easy and
safe to move products around on site before installation.
Low mass, low water content heat emitters provide the best results when measured
against these criteria. The units, including their casings weigh less than a third as much as
a steel panel radiator with an equivalent output rating, which means that transpost vehicle
emissions are dramatically reduced. Also, storage and distribution throughout the site is
much faster and safer.

2.1.10

Sustainability: low maintenance, guarantee, recycling…

To be able to quantify a product's sustainability, we must make an analysis of its life cycle
(LCA, Life Cycle Analysis), from the origin of the raw materials used to build it to recycling
its materials once its service life is finished.
Then, firstly, we must take note of the materials selected for manufacturing and ensure
that they are highly recyclable or have the lowest possible environmental impact. And
also, as far as possible, by using already recycled materials. The weight of materials to be
used is also important, and because low mass radiators need less material they carry a
lower environmental impact. Moreover, in the manufacturing process, we must evaluate
and quantify the energy and waste generated, as well as the usage given to the recyclable
material leftovers obtained after production.
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Once the product has been manufactured and the impact of each of its components and
processes has been quantified, the logistics department will study how to optimize the
product packaging method and the means of transport and delivery to the destination. A
radiator whose size and weight are optimised for transport is going to provide significant
savings in resources in both the number of shipments and in distribution on the
construction site. Substitution of non-recyclable plastics in packaging for other materials
like cardboard that are easier to recycle, and the possibility of adding a second function,
such as protecting the radiators after they are installed until the construction work is
totally finished, increase their usefulness over their impact, giving a greater value in terms
of sustainability.
During shipment and installation, the heater can be damaged by external factors. A
restoration to its original optimal state must have minimum repercussions on the overall
product. Therefore, highly modular equipment guarantees that changing one damaged
part is a minimum percentage of the overall product. This added value lasts throughout its
entire service life, and in future renovations it is possible, with little disruption, to change
just the casing, preserving the installation intact and without breaking the plumbing seals.
During use, the radiator's service life must be taken into account. The longer it lasts, the
lower its environmental impact will be. To evaluate the radiator's lifetime, we must take
several factors into account:
1. Corrosion resistance. When water is in contact with steel, corrosion problems
arise and gases are emitted in the circuit, which not only affects its output and
comfort, but also shorten the radiator's service life. Radiators in which water only
comes into contact with copper and brass in the valves and tubes do not have as
many corrosion problems, and therefore these are the best materials to use.
2. Broad product guarantees. One of the easiest ways to evaluate the quality of a
product is by the guarantee that the manufacturer offers. All Jaga Low H2O heat
emitters are tested at high water pressure, up to 20 bars, way above the working
pressure in a typical installation. To back this up, all Low H2O heat emitters are
guaranteed for 30 years, which is many times longer than the guarantee for a
typical steel panel radiator and ensuring that the environmental pressure is spread
out over a much longer period.
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3. Simple maintenance. It is important to have minimum possible maintenance
throughout a heater's service life, and that, in case of breakdown or for simple
aesthetic reasons, any of its components can be repaired or changed easily.
4. Energy efficiency. The quality of a product is the outcome not only of the quality
of its materials, but also how well it works, and for radiators, this means issuing
the greatest possible amount of heat, on demand, with the minimum energy input.
Low H2O has been proven to deliver measurable reductions in energy consumption
compared with higher mass alternatives.
5. Recyclability. At the end of its service life, either due to changes, renovation or
because other more efficient or convenient systems are developed, the
environmental stress generated in manufacturing the product should be recovered
as much as possible. This recovery is the result of how recyclable the materials
used in each of its parts are.
If the balance of the environmental impact of the entire life cycle compared to the service
provided and material recovery for recycling is positive, then we have a sustainable
product.
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3 Performance study of Jaga low water content
heaters under the EMVS conditions (Municipal
Company for Housing and Land of the Madrid City Hall)

3.1 Introduction
Jaga España, in collaboration with its parent company, Jaga NV Belgium, has carried out
the following studies at the request of the EMVS in order to obtain specific data on the
performance of Jaga Low-H2O radiators under the conditions defined by the EMVS
compared to aluminium and steel panel radiators.
After establishing the requirements of an efficient radiator, that is, that it has a low mass
and low water content, we carried out a real-life study comparing actual performance
against the criteria explored above. These are:
1. rapid reaction time
2. lower energy consumption
3. even temperature spread
4. equipment safety (surface temperature and access to hot pipes etc.)

3.2 “Experience Lab” Jaga N.V. Climate Chamber in Diepenbeek,
Belgium.
The Climate Chamber is comprised of two identical rooms within a climate chamber, each
one measuring an area of 4 x 4 m, with a slanted ceiling varying in height from 2.7 m to
3.7 m. In the climate chamber, the air temperature can be controlled and kept between 15º C and +30º C.

Within the Climate Chamber, the two rooms are thermally identical and symmetrical to the
central axis of the installation. Each of the two rooms is a square that has three walls with
windows and the fourth is an exterior wall.
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[Estancia: Room. Ventana: window. Pared: wall. Puerta: door]
Diagram of the Climate Chamber and overview of interior installations,
Heaters, heating devices and temperature sensors.

PHOTOGRAPHS OF THE INSIDE OF THE
CLIMATE CHAMBER AND BOTH ROOMS
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The radiators in both rooms are fed by a single condensing boiler in order to distribute the
water homogeneously at a stable temperature. The boiler is a Viessmann condensing
boiler.
To measure the temperature in each room, the following equipment was used:
- 25 interior air temperature sensors, grouped into five points (I, II, III, IV, V), five
by five along the height of the room
- 5 sensors to measure the surface temperature of wall 1;
- 5 temperature sensors on the surface of wall 2 (window).

The sensors to measure the air temperature in the rooms were placed at five
levels: at 0.1 m, 0.6 m, 1.1 m, 1.6 m, and 2.1 m from the floor.

At all times, the performance and readings of all the elements in both the Climate
Chamber and in the two inside rooms were reported by means of monitoring software that
gave us the data provided by all the sensors in each room

The image above shows two screen samples from the monitoring system, continuously
displaying and recording the temperature from each sensor, room temperature, energy
consumption and evolution over the test time.
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To calculate the energy consumed in each house, we have used the following formulae:

•

Energy = Cp * Flow * (Tflow. – Treturn) * Time
–

Energy (joules)

–

Cp coefficient of specific heat of the water (j/kg*k)
–

(Cp (H²O) = 4200 j/kg K)

–

Flow (kg/s)

–

Temperature (Celsius)

•

Tflow = Water inlet Temperature

•

Treturn = Return Temperature

–

Time (s)

–

The energy usage is totalled at 15 second intervals.
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3.3 Test 1 - Comparative functional study between a Jaga low
water content heat emitter and an aluminium radiator with
convection fins facing the INSIDE of the room.
To perform the test, the following was installed in each of the rooms:
Room No. 1 (HOUSE 1) : 2 Jaga Tempo model low water content heaters
Type 15, 1568 watts (∆T50) Length 100cm Height 40cm
Type 15, 1725 watts (∆T50) Length 110cm Height
Room No. 2 (HOUSE 2) : 2 aluminium radiators with 14 elements 60cm high and 8cm
wide each, with a total output of 2 x 1688 watts (∆T50) and a length of 1.12 m per
radiator with convection fins facing toward the room.
The experiment started with "cold houses" (room 1: 5.98º C; room 2: 6.17º C)

 Outside temperature: -5º C
 Water inlet temperature: 68º C
 Water return temperature: 54º C
 Goal temperature for the room: 22º C
Images of the installed equipment:
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We can clearly see the hydraulic connections for both the aluminium and the Jaga models. These
are on the same side for Jaga and at the upper left and lower right for the aluminium models. In
green, at different heights, we can see the temperature sensors.
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Test 1 situation at Minute 1
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Conclusions after 1 minute of testing

MINUTE 1
Energy Consumed
Room temperature

Room 1
JAGA

Room 2
ALUMINIUM Difference Percentage

456
6,4

876
6,1

420
0,2

48%
3,88

 The Jaga equipment has used almost 50% less energy in the first minute.
 The temperature reached during this time is almost 4% higher.
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Test 1 situation at minute 15
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Conclusions after 15 minutes of testing

MINUTE 15

Room 1
Room 2
ALUMINIUM Difference Percentage
JAGA

Energy consumed
Room temperature

3.76
0
13,7

7.34
5
13,0

3.585
0,6

49%
5,21

 The Jaga equipment continues to consume half the energy of the
aluminium radiator in the first 15 minutes.

 As in minute 1, the room has reached a temperature that is 5% higher.
 By minute 8, the Jaga equipment is at full output. The aluminium radiator
continues to heat up.
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Test 1 situation at minute 60
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Conclusions after 60 minutes of testing

60 MINUTES
Energy consumed
Room temperature

Room 1
Room 2
ALUMINIUM Difference Percentage
JAGA
12.56
718,3

17.72
818,3

5.161
0,0

29%
0,11

 At this point, the aluminium equipment is fully functioning. This is shown by
the fact that both pieces of equipment have similar instantaneous
consumption.

 The overall energy savings remains in Jaga's favour. At this time, after 60
minutes running, the Jaga radiator has consumed 40% less than the
aluminium one.

 After one hour, the temperature in both rooms is similar.
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Test 1 situation at minute 120
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Conclusions after 2 hours of testing

120 MINUTES
Energy consumed
Room temperature

Room 1
Room 2
ALUMINIUM Difference Percentage
JAGA
23.64
721,2

30.12
421,3

6.477
-

- 22%

 The test has now finished and the overall energy saving of the Jaga
radiator is 22%.

Conclusions for test 1 are:
1. The Jaga radiators heat up faster when the installation is started up.

2. In the overall start-up process, that is, until the goal temperature is
reached, the Jaga radiator saves 22% in energy.

3. At the end of the test, both radiators have reached the goal temperature
as the power installed in the two rooms is similar.
4. Low water content heaters are faster during the initial heat-up phase
because they have less thermal inertia.
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3.4 Test 2 - Comparative performance study to maintain goal
temperature with thermostatic heads (t=10 hours)
Continuation of Test 1.
The objective of the second test is to continue to learn which of the two heaters is more
when running under stable conditions, without alterations caused by external factors. This
test starts from the initial situation in test 1 and is extended over 10 hours.
When the goal temperature was reached in test 1, the thermostatic inlet valves were
connected to their corresponding thermostatic heads and their performance was
observed. The objective is to find out how each of the systems reacts, the Jaga Low-H2O
heaters and the aluminium heaters, and how they maintain the indoor temperature in
each room without influences from external factors.
We want to know how much comfort they create, and whether there are big leaps in
temperature around the temperature set as the goal, 22ºC. We also want to know what
happens with energy consumption in this period.
The initial test data is as follows, marked by the equal goal temperatures (22º C) in the
previous test:
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Test 2 situation after 10 hours 20 min.
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Fig.12. Test 2 Conditions after 10 hours 25 min. running.

We see that the system running in room 1 stabilised more smoothly around the 22ºC goal
temperature than the installation in room 2.

Conclusions after 10 hours of testing

10h 25
min
Energy consumed
Room temperature

Room 1
Room 2
ALUMINIUM Difference Percentage
JAGA
59.51
522,1

60.29
321,0

778
1,1

1,29%
5,02

 Both installations are fully running, and the house is pre-heated after the
first test.

 At the start of the test, in Room 1 (Jaga) the temperature variations are
kept in the 21ºC-23ºC range, whereas in Room 2 (aluminium) they are
20.5ºC – 23.5ºC. A result of 3ºC temperature variation in aluminium,
compared to 2ºC thermostat variation in the Jaga radiator.
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 Throughout the test, for the aluminium radiator the temperature variation
around the goal temperature is constant, with a 3ºC variation from the
comfort temperature. The Jaga radiator gradually reduces this variation.
 If we look at the last 2 hours of the test, without distortion elements, the
Jaga radiator balances the goal temperature, 22ºC, whereas the aluminium
one continues with the same variations throughout the test, approximately
3ºC.
 There are also energy savings in this section of the test, at just over 1%.

 The Jaga radiators have provided greater comfort because of their minimal
temperature variations, whereas the aluminium radiators alternatively
produce overheating and cooling, due to the inertia of their installations.

Conclusions for test 2 are:
1. The Jaga low water content heaters are faster in the initial heat-up
phase.
2. Over time, the Jaga low water content heater has shown to be capable of
maintaining the goal temperature, with little variation, for greater
efficiency and comfort.
3. As regards consumption, the Jaga equipment achieves an additional
1.29% energy savings over that reached in Test 1 on start-up, without
influences from external factors.

31

31

31

3.4.1 Test 3 - Comparative functional study between a Jaga low water
content heater and an aluminium radiator with convection fins
facing the WALL of the room.
This test is similar to test 1, and the only change we have made is that we turn the
aluminium radiators around to compare how they work when the convection fins are
facing the wall.

We should note that the performance of the aluminium equipment in this test (with the
convection fins toward the wall) is comparable to current equipment supplied by the
majority of manufacturers, because there are very few systems on the market with
oriented convection plates.

-

Room No. 1: 2 Tempo model low water content heaters Type 15, 1568watts
(∆T50 )Length 100cm Height 40cm, and Type 15, 1725watts (∆T50) Length
110cm Height 40cm were installed.

-

Room No. 2: 2 aluminium radiators with 14 elements 60 cm. high and 8 cm. wide
each, with a total output of 2 x 1609 watts (∆T50) and a length of 1.12 m per
radiator with convection fins facing toward the wall.

-

The experiment started with "cold houses" (room 1: 3.25º C; room 2: 2.58º C)

 Outside temperature: -5º C
 Water inlet temperature: 68º C
 Water return temperature: 54º C
 Goal temperature for the room: 22º C
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Test 3 situation after 120 min.
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Conclusions after 2 hours of testing

120 MINUTES
Energy consumed
Room temperature

Room 1
Room 2
ALUMINIUM Difference Percentage
JAGA
23.94
922,0

29.67
320,8

5.724
1,2

19%
5,49

 Both installations are fully running, but in the two hours of testing, the
aluminium equipment was not able to reach the 22ºC goal temperature.
 The energy savings for the Jaga radiator at this time almost 20%, keeping
in mind that it has reached the goal temperature and that the aluminium
one has not, as it is 1ºC below 22ºC.
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Conclusions for this test are:

1. The Jaga radiators are comparatively even faster in the start-up phase if
the aluminium ones have the convection fins facing the wall.
2. Facing the convection fins on the aluminium radiators toward the wall
instead of toward the room means lower radiator output.

3. The room with the aluminium heater heats up more slowly, indeed, after
two hours of testing it has not reached the goal temperature.
4. The Jaga radiator has an energy saving of almost 20% in reaching the
goal temperature, taking into account the fact that the aluminium
radiator still has to continue consuming energy to reach the goal
temperature.
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Test 4 - Functional comparison between a Jaga low water content
heater and a steel panel radiator.
The aim of the third test is to continue the comparison with other kinds of radiators that
are currently on the market. This is a comparative test with steel panel radiators, which
are the most common type used in the UK.

The situation to start from is:

-

Room No. 1: 2 Tempo model low water content heaters Type 15, 1725watts each
(∆T50), Length 110cm Height 40cm were installed.

-

Room No. 2: 2 identical T22 steel plate radiators, Length 112cm and Height 50cm,
at 1736watts (∆T50) each were installed.

-

The experiment started with "cold houses" (room 1: 5.07º C; room 2: 4.98º C)

 Outside temperature: -5º C
 Water inlet temperature: 68º C
 Water return temperature: 54º C
 Goal temperature for the room: 22º C
-

Test note: in spite of the fact that the interior and exterior room temperatures
were similar to the other three tests, we should point out that at the time the test
was started, the temperature of the structure in both rooms was 7ºC to 8ºC higher
than in Test 1, and therefore the length of the test will be shorter because both
structures are pre-heated (floors, walls and ceiling).

As with the other tests, in the following photograph we can clearly see what the
installation of the double steel panel convector heaters (type 22) looks like for the tests.
In both cases, we point out the placement of temperature sensors, both on the radiator
surface and on the wall surface.
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Both installations have their connections on the same side, but at different heights from
the floor.

37

37

37

Test 4 situation after 5 min.
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Conclusions after 5 min. of testing

MINUTE 5
Energy consumed
Room temperature

Room 1
Room 2
JAGA
STEEL PL. Difference Percentage
1.88
1
13,6

4.30
0
11,1

2.420
2,5

56%
18,52

 There is a big difference in energy consumption, almost 60%, in favour of
the Jaga low water content radiator.
 Moreover, during the same time, the Jaga radiator has heated the room
12ºC more in just 5 minutes.
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Test 4: Situation after 15 mins.

40

40

40

Conclusions after 15 min. of testing

MINUTE 15
Energy consumed
Room temperature

Room 1
Room 2
JAG
STEEL PL. Difference Percentage
A
4.17
7.70
517,
5
3.530
46%
15,5
1,8
10,46

 The difference in energy consumption is still great, the steel plate radiator
has consumed almost twice as much.

 Plus, we must keep in mind that the trend persists, the Jaga Low-H2O
radiator has heated room 1.5ºC more in the same time.
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Test 4 situation after 60 min.
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Conclusions after 60 min. of testing

60 MINUTES
Energy consumed
Room temperature

Room 1
Room 2
JAGA
STEEL PL. Difference Percentage
13.58
922,6

17.53
620,5

3.946
2,1

23%
9,52

 The difference in energy consumption continues to be great. The Jaga LowH2O radiator has used 23% less energy to reach the goal temperature, and
the steel panel radiators still have 2ºC to go to reach the goal temperature
(room 2 temperature remains below 20ºC).
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The conclusions for this test are as follows:
1. Jaga radiators heat up faster at the installation start-up than steel plate
radiators.
2. At the end of the test, the steel plate radiator still had not reached the
goal temperature, coming to 20.53 ºC.

3. In the overall start-up process, that is, until the goal temperature is
reached, the Jaga radiator saves 23% in energy, and on top of that, the
energy consumed by the steel plate radiator to reach the 22ºC set as a
goal must be added.
4. Low water content heaters are faster during the initial heat-up phase
because they have less thermal inertia.

5. The Jaga Low-H2O radiator has better energy performance than the
steel plate and aluminium radiators.
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4 Thermographic performance of radiators in EMVS
aluminium, steel panel - Jaga Low-H2O tests
With this new test, our intention is to demonstrate in a very graphic way the actual
evolution of the heating and output process of the equipment. That is, how the hot water
enters the radiator, what the fill-up process is like, heating and subsequent output of this
heat to the room. We want to find out the hydrodynamic / hydraulic characteristics of the
two heaters and in this way compare the heating speeds and savings by defining what
average daily start-up would be like.
To do so, we have carried out a thermographic study, taking infrared photographs to
capture where the heat is in each installation and its circulation, thereby discovering what
happens from when the energy enters the radiator to when it leaves, and what the
consumption/output ratio is in each radiator for this start-up stage of the installation.
As we can see in the photographs, the Jaga Low-H2O radiators, besides offering a faster
heat-up process than aluminium and steel panel radiators (shown in the previous tests),
enable the water to return to the boiler sooner and at a higher temperature. In this way,
the boiler can lower and modulate its temperature sooner, thereby working more
efficiently, which undoubtedly is favourable for its service life.
Therefore, savings are not only produced by the way the radiator heating and output work
but also due to the good combination between high performance modulating or
condensing boilers and low water content radiators.
We have started with cold radiators and cold rooms, taking photographs of the three
radiators, Jaga Low-H2O, aluminium and steel panel radiators with similar flow. We took
thermal photographs every minute to see the heating evolution. The results are shown
below in the following thermal images:
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Images from a thermographic study
1. Study conditions.
Flow - JAGA LOW H2O - TEMPO AND ALUMINIUM 0,77 l/min - STEEL PLATE 0.83 l/min
Interval in ºC: 15°C – 55°C
2. Equipment used.
Agema 570 infrared camera
24° IR-lens

3. Study conditions.
Determined by Jaga in the Lab Exp.

4. Report composition.
Main page: 1 page
Summary of images: 3 pages
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TEMPO - Flow 0.77 l/min - G0704-26.IMG

MINUTE 0 / JAGA LOW-H2O

14:44:01

40.0 °C

FLIR Systems

TEMPO - Flow 0.77 l/min - G0704-29.IMG

MINUTE 3 / JAGA LOW-H2O
Hot inlet, hot return. Already issues heat on the
40.0 °C
right side

FLIR Systems

30

30

20

20

15.0

MINUTE 0 / ALUMINIUM

ALU - Flow 0,77 l/min - G0704-33.IMG
FLIR Systems

55.0
°C
11:00:01

15.0

MINUTE 3 / ALUMINIUM
Hot inlet, cold return. The radiator starts to heat
up
AL - Flow 0,77 l/min - G0704-35.IMG
FLIR Systems

50

40

40
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30
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20
15.0

MINUTE 0 / STEEL PLATE

FLIR Systems

55.0
°C
11:03:01

50

15.0

Brugman - Flow 0,83 l/min - G0704-34.IMG

14:47:02

55.0
°C
17:20:00

MINUTE 3 / STEEL PLATE
Hot inlet, starting to fill up. Very high
temperature in valve area
Brugman - Flow 0,83 l/min - G0704-36.IMG
FLIR Systems

55.0
°C
17:23:01
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TEMPO- Flow 0,77 l/min - G0704-30.IMG

14:48:02

MINUTE 4 / JAGA LOW-H2O
Hot inlet and return. Equipment almost at test
ΔT.

FLIR Systems

40.0 °C

TEMPO - Flow 0,77 l/min - G0704-32.IMG

40.0 °C

FLIR Systems
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15.0

15.0

MINUTE 4 / ALUMINIUM
Hot inlet, cold return. Radiator slowly heating
up.
AL - Flow 0,77 l/min - G0704-36.IMG
FLIR Systems

55.0
°C
11:04:01

MINUTE 6 / ALUMINIUM
Hot inlet, cold return. Very high contact
temperature.
AL - Flow 0,77 l/min - G0704-38.IMG
FLIR Systems
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MINUTE 4 / STEEL PLATE
Hot inlet, cold return. Only hot in the upper area.
FLIR Systems

55.0
°C
11:06:02
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15.0

Brugman - Flow 0,83 l/min - G0704-37.IMG

14:50:02

MINUTE 6 / JAGA LOW-H2O
High output from the equipment. Warm grille.
Casing at low temperature.

55.0
°C
17:24:03

15.0

MINUTE 6 / STEEL PLATE
Hot inlet, cold return. The radiator is filling up.
Hot to touch.
Brugman - Flow 0,83 l/min - G0704-39.IMG
FLIR Systems

55.0
°C
17:26:03
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TEMPO - Flow 0,77 l/min - G0704-33.IMG

MINUTE 8 / JAGA LOW-H2O
Equipment fully running.

14:52:01

TEST CONCLUSIONS

40.0 °C

FLIR Systems

 After 8 minutes, the Jaga
equipment is at full output. All
the output goes to the room.
30

20
15.0

MINUTE 8 / ALUMINIUM
Equipment heating up.

AL - Flow 0,77 l/min - G0704-40.IMG
FLIR Systems

55.0
°C
11:08:02
50

40

30

 Afer 8 minutes, the aluminium
radiator is halfway heated. It
does not issue heat yet.
 After 8 miuntes, the steel plate
radiator is halfway heated. It
does not issue heat yet.
 After 8 minutes, the test dT is
only reached by the Jaga
radiator. The returns are cold in
both the aluminium and the steel
plate heaters, and they are not
fully functioning.
 Contact temperature
Jaga:
28ºC
Aluminium: 55ºC
Steel:
60ºC

20
15.0

MINUTE 8 / STEEL PANEL
Equipment heating up.
Brugman - Flow 0,83 l/min - G0704-43.IMG
FLIR Systems

55.0
°C
17:30:02
50

40

30

20
15.0

 The only one
contact safety
equipment.

that provides
is the Jaga

 We can see that the aluminium
and the steel plate radiators
must first heat up their entire
mass and all the water inside in
order to issue heat.
 We should note that by minute
8, the Jaga Low-H2O radiator is
already returning water to the
boiler at the objective return
temperature so that, from this
time on the boiler can start to
modulate to lower the working
temperature.
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5 Study of energy savings and efficiency of the Jaga
Low-H2O heater by the BRE (Building Research
Establishment, UK)
5.1 Introduction
The purpose of this study was to compare how Jaga Low-H2O heaters and steel panel
radiators perform in an actual installation. To do so, a study carried out by the Building
Research Establishment (BRE www.bre.co.uk) in Great Britain aimed to provide properly
measured and quantified evidence of the energy savings that can be reached by using low
water content heaters at low temperature instead of traditional steel plate radiators in a
typical modern British home. Of course, whilst the test environment was a house, the
principle tested can be applied to any building type.
To this end, they used two identical 3-bedroom, two-storey houses. Steel panel radiators
were installed in one of the houses, and Jaga low water content heaters in the other.
Total rated heat output was matched in each of the houses.

Fig. 15. Houses used to carry out the BRE study
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The results showed that low water content heaters provided energy savings of
around 15% in milder winter conditions and around 5% in extremely cold
periods.

Ground and first floor temperature profile for a cold day in January (7/1/03)
(Heating period 06:30 to 08:30 and 15:30 to 22:30)
H1 Diner Ta

H2 Diner Ta

H1 Bed 1 Ta

H2 Bed 1 Ta

24

Temperature Deg. C

22

20

18

16

14
00:00
01:30
03:00
04:30
06:00
07:30
09:00
10:30
12:00
13:30
15:00
16:30
18:00
19:30
21:00
22:30
07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03 07/01/03
Time (10min intervals)

Fig. 16. Evolution of the temperature inside houses 1 and 2 on a day in January, taken from the BRE study

Therefore, the average savings for a complete heating period is estimated by BRE at
around 10%
Based on an average 220 days of heating a year for these houses, this savings means a
reduction of 2,000 MJ, or around 550 Kwh., with a reduction in annual CO2 emissions of
around 100 kg. We must keep in mind that this data is specific to these two houses and
for a specific heating season, so extrapolating the results may lead to errors. However,
the study demonstrates that with low thermal inertia heaters, we save energy compared
with high mass steel panel radiators, but how much? It depends on the installation and
the climatic conditions.
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5.2 Conclusions
1. Heaters with lower thermal inertia consume less energy because they
heat up faster and provide greater control over the temperature.
2. In permanently cold situations, day and night, the energy savings for
Jaga radiators is approximately 5%. However, in the mid season, where
there are more temperature variations between the day and the night
and indeed during the day, the energy savings achieved by the Jaga
system come to 15% or more.
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6 Study on how Jaga Low-H2O convectors run at low
temperature by NOVEM (Holland) Summary
6.1 Introduction
As a result of improvements in insulation levels in buildings, the heating power and energy
consumed have, and continue to decrease. When applied to heating systems, the flow
temperature may be reduced. Consequently, the return temperature is lower. In turn, this
can have a positive effect on the yield of the heat source (i.e. the boiler or heat pump).
In general, it can be said that the lower the average temperature in the heating system,
the higher the system's yield will be. Therefore, primary energy can be saved by
minimizing the temperature in the heating systems.
This study was commissioned by NOVEM (The Dutch Agency for Sustainability and
Innovation, in charge of managing programs focused on energy efficiency and
environmental improvement) in an aim to respond to the question of whether convectors
can be used and how they should be applied to low temperature heating in new and
existing buildings with good levels of insulation. The purpose of this study was to clarify
the confusion that exists as to how convectors work at low temperature.
Convectors work on the basis of the principle that hot air rises, thereby causing air
circulation. This circulation transmits heat from the surface of the convector to the room.
With a large temperature difference between the surface of the convector and the air in
the room, a great driving force keeps the air circulation active. With a lesser temperature
difference between the convector surface and the surrounding air, there exists much less
driving force, and therefore little circulation is generated, so little heat is transmitted. The
question is: What is the lowest temperature at which a convector can continue
to issue enough heat for heating applications? The significant aspects are:
**Total heat issued from the convector and
**Compensation for cold falling from the wall.
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To research the problem, simulations and measurements have been made by placing
conventional convectors, like Jaga low mass low water content heat emitters, under a cold
surface. The results of laboratory measurements are compared with simulations
(validation of the simulation model). With the help of valid simulation models, calculations
can be extrapolated and other situations can be evaluated (size of the convector and
geometry of the cold surface and the space). This research shows us whether convectors
can operate in low temperature heating situations.
The purpose of this research is to find the minimum temperature difference between a
conventional convector and the surrounding air at which the convector can issue enough
energy to produce heat. The total heat output and the elimination of the cooling caused
by the wall where the convector is installed have been studied according to the
temperature difference between the average surface temperature of the convector and
the surrounding air.
The way 2 types of convectors work at low temperature has been evaluated, a wall model
and a model built into the floor, according to simulations and measurements in a climate
controlled test room.
The results provide conclusions as to the minimum surface temperature of the convector
needed for heating applications by:
a) monitoring the power law curve value (see formula (1)) by measuring the total
heat yield at low temperature
b) measurement and CFD software simulation of stoppage of cooling from the wall
where the convector is installed in a climate controlled test room.
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6.2 Conclusions
General
This research is focused on the flow of convection air, which clearly depends on the
geometry (dimensions of the space, size and position of the convector) and secondary
factors (cold wall and convector temperature). The results provided in this report are
based on certain geometric and secondary factors, which supposedly should not be
extrapolated to other situations.

Validity of the power law curve
Heat output of a convector is described by a power law curve. Heat output can be
measuring precisely enough from a temperature increase of 5ºC with the equipment used.
In every case, the power law curve was valid.

Compensation for falling cold air
Cold air is stopped from falling with a wall model convector with the following temperature
increases:
Glass type

Surface temperatures [ºC]

Necessary ΔT measured
[ºC]

Double glazing

11.5

10

High Performance Glass

15.7

5

++HP Glass

18.5

<5

Cold air is prevented from falling with a convector built into the floor with the following
temperature increases:
Glass type

Surface temperatures [ºC]

Necessary ΔT measured
[ºC]

Double glazing

11.5

10

High Performance Glass

15.7

8

++HP Glass

18.5

<8
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Simulation of preventing cold from falling
The

aforementioned

situations

were

simulated

with

help

from

CFD

software

(MatLab/FemLab), at a cold wall temperature of approximately 12ºC. The temperature
increase simulation was done in 2.5º increments.
Software modelling is appropriate as a tool for forecasting compensation for falling cold air
with the geometry and secondary factors described herein.
Computerized simulation of compensation for cold coming from a wall through Jaga wall
model convectors.

Evolution of compensation for falling cold air. Resulting break: final temperature increase 7.5ºC
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Computerized simulation of compensation for cold coming from a wall through Jaga builtin floor model convectors.

Evolution of compensation for falling cold air. Resulting break: final temperature increase 10ºC
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7 Study of Optimal energy consumption control in
heating buildings. Done by Dr. Tabuchnickov.
Y. A. Tabunschikov, Doctor in Technical Science, Honorary Member of the Russian
Academy of Architecture and Construction Science who carried out a mathematical study
on optimal control of energy consumption in heating buildings, subsequently validated by
testing done in laboratories.
This study, Control of Energy Consumption in Heating Buildings, was presented at the 5th
International Conference on Cold Climate – Heating, Ventilating and Air-Conditioning held
in Moscow May 21-24, 2006, organized by the Russian Association of Engineers for
Heating, Ventilation, Air-Conditioning, Heat Supply and Building Thermal Physics (ABOK)
with support from the scientific committee in collaboration with the ASHRAE and the
REHVA, to name a few.
The problem of controlling energy consumption in heating or cooling closed spaces has
always been essential to climate control theory. As of today, the importance of
consumption control has grown as a result of the development of heating/air conditioning
technologies that currently require an optimal control of energy consumption and not just
of the heating/cooling process.
The possibility of using computer technology in "intelligent" buildings according to this
algorithm could optimise the heating/cooling process.
A variable heating system is very important in controlling the entire installation. In order
to save energy in heating most modern installations, administrative buildings, schools,
theatres, cinemas, residential housing, offices and factories, heating systems lower their
normal working temperature at certain times of the day, as well as over weekends and
holidays. These times usually coincide with hours of decreased occupancy, nighttime, etc.
Once the installation, building, housing, etc. is again occupied and functioning normally,
the temperature conditions of the heating system are adapted to normal established
conditions.
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This method, when the working temperature is set at lower than normal values, is known
as variable heating method. The same thing happens in emergency situations when the
energy source is cut off. Due to it practical significance, a lot has been written on the use
of the variable heating method.
However, all the solutions known up to now are based on the analysis of the temperature
change in the air inside depending on the thermal inertia characteristics of the walls and
heating devices. These solutions directly resolve the problem, that is, they only provide us
with values resulting from the decisions we have made for given conditions and
established energy efficiency criteria. Solutions that resolve the inverse problem are
conceptually more difficult.
These solutions respond to the question: which heating solution should be chosen so that
the results are maximized, given certain energy efficiency criteria? In our case, we need to
choose an optimal variable heating system that minimizes energy consumption.
The solutions to the problem of optimal energy use control in heating and cooling a room
were first described with the equations [1, 2, 3]
We should think of minimizing energy consumption as a management control task. The
process of establishing a heating system in a room is described with the equation for
balancing heat of the inside air:

cρV

(

dTR
= ∑ hc ,i Ti
dt
i

y =δi

)

− TR Fi + cρλV V (T0 − TR ) + Q(t )

(1)
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and by a system of equations that describe the heat transfer process through walls and
windows:
∂Ti
∂  ∂Ti 
=
λi
∂t ∂y  ∂y 
(0 < y < δi ; t > 0)

Ci ρi

(

)

∂Ti
con
= α con
out Ti − T0
∂y
∂T
con
y = δ λ i i = α in
Ti − TRcon + ∑ ϕi − j Ti − T j
∂y
j
y = 0 − λi

(

)

(

)

(2)

t = 0 Ti = ϕi ( y )

in which:
cρ – volumetric capacity of heat in the air, J/(m3·°C);
V – volume of the heated space, m3;
TR – Interior air temperature, °C;
TR – Interior air temperature, °C;
t - Time, sec;

hs,i – coefficient of heat exchange by convection between the internal and external
surfaces, i, W/m2·°C);
Ti – Surface temperature i, ·°C;
Ti – Surface temperature i, ·°C;
Q(t) – Heat transferred from heat source (energy consumed), W;

hs,i – coefficient of heat exchange by convection between the internal and external
surfaces, i, W/m2·°C);
Tj – Average internal service temperature of structures surrounding surface j, of
surrounding structures and of inside air, °C;
φi–j – Coefficient of heat exchange through radiation from the surface i to surface j;
φi(y) – Starting conditions.

We should note that equation (1) is a first-order differential equation.
We are assuming that the first element on the right side of equation (1) refers to both
walls and windows, and the second includes heat loss due to air exchange.
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We set TR,end the starting air temperature inside as (where t=t0), and TR,end the final air
temperature inside as (where t=t1). Function Q(t) in interval [t0, t1 ] will be known as
Control. The control function, Q(t), will be acceptable if its values are continuous in
interval [t0, t1 ], and its values do not exceed the limits of a fixed U value. Obviously, any
allowable control is limited.
Then, we rewrite equation (1) as follows:

dTR
= f (TR , Ti , Q, t )
dt

(3)

In the optimal control theory, it is assumed that the right side of equation (3) is a
continuous function and has continuous first order derivatives as regards TR, Ti, for any
value t in the interval [t0, t].
Let us next define the problem of optimisation of energy consumption in heating a
building, and let us examine it as an optimal control task, as follows: we need to find a
control function, Q(t), for the energy used in a temperature change in the building, and
that this solution to the balancing equation system for interior air heat of a certain
building as a complete energy unit satisfies the initial conditions on which integer

t1

W = Q(t )dt

∫

(4)

t0

comes to the smallest possible value, the value that means that energy consumption is
minimal.
Integer (4), which must be minimised, determines the energy consumed in heating the
building.

The control function, Q(t), which gives us a solution to the problem, is known as optimal
control and it corresponds to the change in temperature from the starting conditions TR,st
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to the final conditions TR,end , while the trajectory corresponding to the temperature
change -TR (t) - is know as the optimal trajectory.
The problem is solved by using the method initially proposed by L.S. Pontriagin [4],
making the traditionally accepted simplifications as to the balance of heat in a building
and the following results are obtained:

The minimum amount of energy is consumed in heating a building when the
shortest amount of time passes between the initial and final temperatures (the
"maxim of rapid action" method).

In order to fulfil this condition for a particular buiding, a more in-depth study is needed of
the components in the heating balance to estimate the thermal inertia figure.

In most residential and public buildings, we can improve the results in minimising energy
use for heating if we fulfil the following conditions:

FIRST Condition:
Buildings should be heated by using the most highly powered heating devices
available.

SECOND Condition:
The building should be heated starting in the areas with maximum heat
capacity.
In most cases, this refers to interior surfaces of surrounding structures which, as a rule,
are the coldest (in this case, we can minimise the heating time by quickly heating the
surrounding walls by convection flow, for example)

In order for the energy consumption control to be optimal, the FIRST and
SECOND conditions must be simultaneously fulfilled. Normally, carrying out
just one of them to heat a building (air and structures) will give us far from
optimal results.
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At the time, this mathematical model and its solution led to certain doubts regarding the
solution among mathematicians of the period, requiring subsequent clarification.
Later, the work of the mathematician, Professor U.F. Korobejnik, together with Professor
U.A. Tabunschikov [5, 6], confirmed the accuracy of the conclusions.
However, a mathematical conclusion is not usually convincing to scientific researchers and
experts, unless it is verified by direct calculations and measurements, or, and this is
essential, by specific practical experience.
To validate the conclusions by means of direct measurements, complex mathematical
simulation software must be used. And this is a task of quite a different nature. Therefore,
the other option was to come up with the possibility of doing specific real testing and
experimentation.
The purpose of the experiment is to show how effective optimal control of
specific consumption is as a result of applying the FIRST and SECOND
Conditions. This is done by comparing the energy consumed in heating a
specific building.
In order to perform the experiment and validate the FIRST Condition, (Buildings must
be heating with the most highly powered heating devices available) two identical
installations are needed and a simultaneous heating process of the buildings must be
arranged, applying different energy sources. Otherwise, if just one source were used, the
experiment would have to be divided into two phases, and a source that ensures different
energy levels for the two phases would have to be used.
To carry out and validate the SECOND Condition (The building should be heated
starting with the maximum heat capacity areas) we need to have two identical
installations with identical heating systems. In the first case, we should start by heating
the inside walls of the structure, by convectors for example, and later we would first heat
the air on the inside.
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The installations of Belgian company "Jaga NV" were chosen as the ideal place to perform
the experiment, in the climate chamber of its research centre, which meets the
aforementioned requirements. Dr. Ir. Kenneth Van de Velde, Head Engineer of the Jaga
NV Belgium Research and Development Department, led the execution of the study in the
Experience Lab.

Two identical rooms were set up within the climate chamber (Fig. 2, 3), measuring 4 x 4
m each, with a slanted ceiling varying in height from 2.7 m to 3.7 m. In the climate
chamber, the air temperature can be controlled and kept in the -15ºC to +30ºC range.

Window location: a large window on wall 2 (with an area of 12.60 m12.60), two windows
on wall 3 (with an area of 1.56 m1.56) and one window on wall 4 (with an area of 2.52
m2.52). The windows have multiple glazing with aluminium casing and heat transfer
coefficients equal to 0.6 m0.6∙°С/W. The walls are 300 mm thick. The heat transfer
coefficient value for these walls is 2.7 m2.7∙°С/W, and 2.6 m2.6∙°С/W for the ceiling.
There is no air exchange in the rooms (infiltration).

[CLIMATE CHAMBER. Estancia:room. Pared:wall. Ventana:window. Puerta:door]
Fig.2. Diagram of the climate chamber and overview of the experimental installations, heating devices and temperature sensors.
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Fig. 3. View of the inside of the climate chamber at the JAGA research centre, in which one of the two rooms is shown.

To measure the temperature in each room, the following devices were used:
- 25 sensors to measure the inside air temperature, grouped into five points (I, II,
III, IV, V), five by five along the height of the room; the column of sensors I,
II, III and IV is located 27 cm from the wall.
- 5 sensors to measure the inside surface temperature of wall 1;
- 5 temperature sensors on the inside surface of wall 2 (window).
The sensors to measure the temperature in the rooms were placed at five levels:
at 0.1 m, 0.6 m, 1.1 m, 1.6 m, and 2.1 m from the floor (Fig.3). The
distribution of the temperature sensors is shown in figure 2. The temperature
sensors on the inside surface of the walls are indicated numerically, and the
inside air temperature sensors are indicated in Roman numerals.

Fig. 4. Temperature sensors on the inside surface of the window.

65

65

65

Fig. 5. Monitoring the experiment results.

When the experiment results were processed, the following equation was used to find
temperature t in the room:

tnom =

taire + t pared + tven tan a

(5)

3
[aire:air.pared:wall.ventana:window]

in which tair, twall, twindow are, respectively, the air temperature in the room, the
inside surface of wall 1 and the inside surface of window 2, in °С , and determined
by the equations
25

tв =

∑ tв i

i =1

25

5

5

, tстены

∑ tстеныi

= i=1

5

, t окна

=

∑ tокна i

i =1

5

.

(6)

The installations were equipped with Type 11 Tempo model Jaga heating devices, low
temperature copper and aluminium convectors 400 mm high and 2400 mm long.
The Tempo heating device consists of a heat exchanger and a panel casing. The heat
exchanger is a non-welded circular copper tube with aluminium fins.
In room 1, the heating system was placed in the middle of the room. In room 2, it was
placed next to the room enclosure, near wall 1 (Fig. 2).
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Jaga's DBE (Dynamic Boost Effect) system can be installed in the heating element to
increase the heat power and to direct the convection flow toward the inside surface of the
external walls (when the heating element is located on the wall) by means of adjustable
rotation speed (modulating) activators.
Water heated by a boiler located in a room near the climate chamber was used as the
heating liquid. From the time the hot water was administered to the heating systems from
the same source, the temperature of the two systems is similar.
The input and output temperatures and the instant water flow in each heating device
were controlled by sensors. Energy consumption for heating the installation was calculated
according to the input and output temperatures and water flow.
Results of the energy consumption analysis for heating the installations at different heat
power levels and different heating device (convector) positions are shown in tables 1 to 3.
The energy consumption to reach a specific temperature in the installation was taken as a
measure of the heater's efficiency. The temperature in the installation was calculated by
applying formula (5).
Two important circumstances must be noted to understand the experiment. The first is:
The experiment was done over a limited period of time. And the process of heating the
room was not done within typical limits, starting at 0ºC, compared to 13 or 15ºC.
However, this circumstance not only does not affect the meaning of the test, but rather
helps to highlight the results. The second is: The equipment output could change
throughout the test due to the temperature differential between the surface of the heating
element and the air in the room. And the automatic systems in the experiment are not
removed, in order to maintain control over the temperature and hot liquid consumption.
At any rate, these fluctuations do not exceed 5% and do not affect our final conclusions.
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The results of the FIRST Condition testing (Buildings should be heated by using the
most highly powered heating devices available) are shown in tables 1 and 2. By
examining these tables, we find that:
•

when the heating device is placed in the centre of the room and we increase the
heat power from 1.5 to 4.7 Kw., it is possible to obtain energy savings when
heating the room from 0º to 9º C of 53%, reducing the time needed to heat it
from 3 hours and 41 minutes to just 34 minutes.

•

when the heating device is located on the inside surface of the room's external
walls (Fig.6), an increase in the heat power from 1.7 to 5.1 Kw. provides 42% in
energy savings when heating the room from 0º to 9º C, reducing the heat-up time
from 2 hours and 26 minutes to just 28 minutes.

Fig.6 Heating device located on the inside surface of the external walls.

The results of the SECOND Condition (The building should be heated starting in the areas
with maximum heat capacity), are shown in table 3.

By examining table 3, we find that heating devices with identical heat power located on
the inside of outer walls (room 2) allow for greater energy savings compared to when the
devices are located in the centre of the room (room 1) (Fig.7):
•

when heating the room from 0 to 9ºC, we obtain 10.4% savings, and reduce
heating time from 34 to 28 minutes.

•

when heating the room from 0 to 22ºC, we get 37.9% savings and reduce heating
from 8 hours and 7 minutes to 4 hours and 33 minutes.

68

68

68

Energy consumed in heating the room when the heating device is on the inside surface of the outer wall (dotted line in the diagram)
and when the device is in the middle of the room (continuous line). The numbers in the diagram show the time (h:min) taken to reach
said temperature.

The results of the experiment in which the heating element is located on the inside of the
outer wall with the DBE system installed and the installation without it are shown in Table
4.
When we examine table 4, we see that placing the DBE system in the heating element
enables us to save 42.5% in energy when we heat the room from 0 to 22ºC, and reduces
the heating time from 4 hours and 33 minutes to 1 hour and 54 minutes. The experiment
data to validate the results of the optimal control heating solution and Conditions One and
Two (Buildings must be heating with the most highly powered heating devices available
and The building should be heated starting in the areas with maximum heat capacity inertia)

Table 1
Results of analysis of the energy that must be used to heat the room when the heating
devices are in the middle.
Heat power of the
device, Kw.
1.5
4.7

Temperature increase,
in ºC
from 0 to 9
from 0 to 9

Energy consumption
kJ
20,460
9,577

%
100
47

Time used in
heating
%
h: min
100
3:41
15.4
0:34
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Table 2
Results of the experiment in which the heating device is located on the inside of the outer
walls.
Heat power of the
device, Kw.
1.7
5.1

Time used in heating
%
h:min
100
2:26
32.6
0:28

Energy consumption
%
kJ
100
14,762
58
8,580

Temperature
increase, in єC
from 0 to 9
from 0 to 9

Table 3
Comparison of energy consumption and time used in heating when the device is located in
the middle of the house (room 1) or on the inside of the outer walls (room 2)
Heat power
of the
device, Kw.

Temperature
increase, in ºC

4.9
3.9

from 0 to 9
from 0 to
22

Energy
Consumption,
kJ (room 1)

Energy
Energy
Consumption,
kJ (room 2)

9,577
108,333

8,580
67,307

Reduction in
energy
consumption,
%

10.4
37.9

Time
Time taken to Time taken
heat room 1, to heat room
2, h:min
h:min

0:34
8:07

0:28
4:33

Time
reduction,
%

17.6
43.9

Table 4
Comparison of energy consumption and time taken in heating when the heating element
has the DBE system or lacks it.

Heating
System

Heat power of
the device,
Kw.

Temperature
increase, in ºC

Without
DBE
DBE

4.1

from 0 to
22
from 0 to
22

5.7

Energy
Energy
Energy
consumption
Consumption, kJ
(room 1)

Time
Time taken to heat Time reduction,
%
the room h:min

67,307

100.0%

4:33

100.0%

38,726

57.5%

1:54

41.8%
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Table 5
Comparison of energy consumption and time taken to heat the room when the heating
element is located in the centre of the room and works without DBE compared to
installations with the heating element located on the inside of the outer wall and with the
DBE system applied.
Energy
Energy
Energy
consumption
Consumption, kJ
(room 1)

Heating
System

Heat power of
the device,
Kw.

Temperature
increase, in ºC

Without
DBE
DBE

1.5

from 0 to 9

20,460

5.7

from 0 to 9

5,595

Time
Time taken to heat Time reduction,
%
the room h:min

100.0%
273.5%

3:41

100.0%

0:12

5.4%

CONCLUSIONS

1. The experiments performed essentially show the high values in energy
savings obtained (over 50%) during optimal consumption control,
according to the subsequent FIRST and SECOND Conditions.

2. In spite of the fact that the energy savings figures obtained for the
experiments are quite impressive, there is still room for greater savings,
such as in specific cases providing optimal flow of energy distribution in
each particular case after in-depth study.
3. The solution to the problem of optimal control of energy consumption
reached by the authors [1, 2, 3] can be the basis for developing new
heating and cooling systems with high energy saving characteristics.
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8 APPENDIX
8.1

Study on the improved energy yield of low water content
heaters. Complete. Done by the Building Research Environment,
(United Kingdom)

8.2 Study on how convectors work at low temperature. Complete.
Done by NOVEM. Dutch Agency for Sustainability and
Research
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