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Key concept to consider

• The building energy reduction hierarchy:

Step 1: Utilisation of 

Passive Design measures

Step 2: Smart Control and 

Energy Efficient Appliance.

Step 3: Low and Zero 

carbon Technologies (e.g. 

solar panels and heat pumps)



Passive Design Measures

• Insulation (Reducing the building envelope’s U-

Value)

• Thermal mass to better regulate indoor

temperature and reduce energy use.

• Solar Shading devices to reduce solar gain into the

space and overheating

• Reduction of thermal bridging in the space.

• Airtightness to reduce infiltration in the space.

• Compactness of the space for heat retention.

• Optimum window to wall ratio.



What do regulations and standards 

say about passive design 

measures?



Low energy appliances and smart 

controls

• The use of ‘A’ rated appliances in terms of

appliance energy efficiency ratings.

• From a lighting point of view using LED lighting

over florescent or incandescent lighting

• Relying on motion sensors over on/off switches to

close lights in the space

• The use of BEMS systems to better regulate

performance of HVAC systems in the space

• The use of window control systems to better

regulate and control the natural ventilation

entering into the space.



Example of how to enhance the 

controls strategy

• Basic Control:

IF (CO2 ≥ 1500 ppm) Open windows 

• Enhanced Control taking into account more 

parameters:
IF (CO2 ≥ 1000 ppm) AND (Indoor oC < Seasonal setpoint ranges oC) AND 

(Wind < Speed ms-1) Open Windows.

• Enhanced Control taking into account more 

parameters and the context of  the studied building.
IF (CO2 ≥ 1000 ppm) AND (Indoor oC < Seasonal setpoint ranges oC) AND 

(Wind < Speed ms-1) AND (40% ≤ Indoor RH % < 60%) Open Windows 



What do regulations and standards 

say about controls



Active design measures to reduce 

energy reduction

• The transition into heat pumps (Both air source and

ground source heat pumps) to provide space

heating & cooling and how water.

• The use of mechanical ventilation heat recovery

(MVHR) to retain heat – This touches into

passivhaus standard.

• The use of high efficient boilers (Efficiencies above

90%) to provide heating and hot water.

• The use of solar and wind energy to provide

electrical energy.



What do the building regulations say 

about active design measures?



What about maintenance 

and system optimisation?



Maintenance and system failure

• System failure due to corrosion (In heating systems)

can lead to economic losses of up to £1 million.

• Unmaintained hydronic systems can lead to significant

energy losses due to reduced heat losses as a result of

corrosion and poor fluid quality.

• Work by Opel et al (2018) showed that premature

system failure and excessive energy use was an issue

reported by 30% of those surveyed.

• A survey found that 25% of damages and failures to

heating and cooling systems were caused by issues

which can be avoided by maintenance.



How does that impact energy 

saving?



Design of the experiment

• An experiment was conducted replicating a

heating and cooling system.

• The experiment was tested under different

conditions (Clean – Dirty –Filtration)

• The aim was to establish to what extent can

unclean systems impact the energy performance

of heating systems.

• The experiment also explored to what extent can

system efficiency be restored



Design of the Experiment



Visualisation of the experimental rig



Testing conditions

• All experiments were ran at a temperature range of

50 – 60C

• Corrosion was simulated for a system corroding for

a period of 5 and 10 years.

• The system was tested under different pressures

and flow rate values to replicate different systems

operating conditions
• Pressure tested were 0.5 BAR, 1 BAR & 1.5 BAR

• Volume flow tested were 2 m3/h, 4m3/h & 6 m3/h.



Sequence of Testing 

Step 1: Clean System

Step 2: Dirty System

Step 3: Filter on

Step 4: Filter off



Results 10-year system



Results 10-year system



Results 10-year system



Results 

Clean System Dirty System



Results 10-year system



Results 5-year system



Summary

• Simple and regular maintenance could save and

reduce significant amount of energy

• Maintenance and plant optimisation is important

and essential for system longevity.

• System monitoring is essential for timely

intervention and enhancing potential savings.

• Note: During the experiment process a total 

of  three pumps and two heaters were 

damaged due to the poor water quality.
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Any Questions?



E-mail contact:

a.suliman2@lboro.ac.uk
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