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• Sizing of the system based on heating & cooling loads

• Domestic and non-domestic heating systems, 

• Air conditioning systems and their applications.

• Combined cooling, heat and power (CCHP).

• Heat pumps.

• Building energy efficiency assessment and EPC.

• Ways to improve building energy efficiency.

• Net zero building.
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Sizing of Systems (Design Load)

• 100%     X peak load
• 70~90% X peak load
• 150%     X peak load

(Boiler and Chiller)

• Design load = peak load
• If undersized, cool storage  to 

meet peak load—ice made at 
night

• If oversized, more initial 
investment capital, high running 
and maintenance cost



System Efficiency (Boilers)

• Load profile is binned into 15%, 30%,100% of full load demand. 
Seasonal Boiler Efficiency =

0.5*(Eff15%) + 0.20*(Eff30%) + 0.30(Eff100%)

• For example, a boiler with efficiencies of 96% full load, 98% at 30% load, 
96% at 15% of full load 
Seasonal efficiency of example boiler = 0.5*96 + 0.2*98 + 0.3*96 = 96.4%

Design load will never meet the actual building load profile



System Efficiency (Chillers)

• Load profile is binned into 25%, 50%, 75%, 100% of full load demand. 
Seasonal Energy Efficiency Ratio (SEER)
SEER = a*(EER25) + b*(EER50) + c* (EER75) + d*(EER100)

• EER (Energy Efficiency Ratio) is that measured at the defined part load 
conditions of 100%, 75%, 50% and 25%, and a, b, c, and d are the binned 
load profile weighting factors. 

• The weighting factors values that most closely represent the typical UK 
office type building are 0.55, 0.33, 0.1, 0.02. 

For example, a chiller with: EER100 4.89, EER75 4.42, EER503.93, EER25
2.59. 
SEER = (0.55*2.59 + 0.33*3.93 + 0.1*4.42 + 0.02*4.89) = 3.26



Building Heating Systems

• Domestic boiler central heating system

• Non-domestic district heating system



Domestic Boiler Central Heating System

1. Conventional boiler 
(flue T≈150oC)

2. Pump
3. Radiators
4. Connecting Pipe
5. Expansion and feed 

tank
6. Hot water storage 
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Domestic Boiler Central Heating System

1. Combi boiler (high 
efficiency, heat recovery, flue 
T≈50oC)

2. Radiators

No pump, expansion and 
feed tank, hot water storage 
& less connecting Pipe (less)

Main water pressure (~2 
bars)

1
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Non-domestic District Heating System

Remove O2

Remove Ca2+

Mg2+



Inside view of boiler and installation in plant room



Air conditioning energy use by UK sector



Types of air conditioning systems

• There are three generic types of air conditioning system, each 
with many variations:

• Centralised air systems, where all the heating and cooling is 
carried out in a central plant room and conveyed to the rooms by 
ductwork.

• Partially centralised air/water systems, where centrally cooled 
and heated air is further heated or cooled at entry to the rooms.

• Local systems, where all operations are performed locally.



Centralised air/water systems

• Centralised air systems, 
where all the heating and 
cooling is carried out in a 
central plant room and 
conveyed to the rooms by 
ductwork.

• Centralised water systems, 
where water at 7 oC, 
supplied by a chiller in the 
plant room, is circulated to 
fan coil units in rooms, and 
returns to the chiller at 12 
oC.

• Compare their difference.



Partially centralised air/water systems

• Partially centralised 
air/water systems, where 
centrally cooled and heated 
air is further heated or 
cooled at entry to the 
rooms.

• Part of the rooms are air 
conditioned by a central 
air/water system.

• Part of the rooms are air 
conditioned locally.



Localised air conditioning system

• Local systems, where all 
operations are performed 
locally.

• Split air conditioner.

• Packaged air conditioner.

• Only some specific rooms 
require air conditioning.



Components of an air conditioning unit



evaporator

Compressor, condenser

Split air conditioner



Non-domestic Chiller Central Cooling System

Cooled air duct

Plant room roof

Compressor chiller:
Centrifugal, Scroll, 
Reciprocal 

Non-electricity chiller:
LiBr absorption



Building Heating and Cooling Systems

• Combined cooling, heat and power (CCHP) systems

• Heat pump systems



Combine Cooling, Heat and Power System

Gas engine with heat recovery



Steam boiler with steam turbine

Combine Cooling, Heat and Power System



Heat Pump System

• An air conditioner in cooling mode, EER or SEER
• Reverse cycle for heating, COP
• Air source, water source

1 Condenser
2 Expansion valve
3 Evaporator
4 Compressor

Inside



GSHP

BTES

type207ATES

2’

1’

ASHP vs GSHP

1. Air side convective heat transfer coefficient 
always lower than water side 

2. Ground water temperature always lower than air 
temperature in summer, higher than the air temp. 
in winter

COP
GSHP > ASHP

Initial investment:
GSHP > ASHP



Building energy efficiency assessment

Design Building
Building Emission Rate (BER)

Notion Building
Target Emission Rate (TER)

Size, Shape, Zone As designed As designed

Weather CIBSE TRY CIBSE TRY

U-values of fabric As designed NCM

Lighting control As designed As designed

Internal gains NCM NCM

Schedule NCM NCM

HVAC type As designed As designed

Plant room type As designed As designed



The National Calculation Method (NCM) for the EPBD (Energy 
Performance of Buildings Directive) is defined by the department for 
Communities and Local Government (CLG). 

The procedure for demonstrating compliance with the Building 
Regulations for buildings is by calculating the annual energy use for a 
proposed building and comparing it with the energy use of a 
comparable 'notional' building.

Both calculations make use of standard sets of data for different activity 
areas and call on common databases of construction and service 
elements.

Building energy efficiency assessment



EPC Ratings



EPC Ratings



Improving Building Energy Efficiency

1. Energy consumption of the building envelope 
• Low U-value of building exterior fabric 
• Energy efficient building internal & external lighting 
2. Efficiency of service systems 
• Right-sizing heating and cooling systems 
• Efficient building service system components 
• Ground source heat pump systems 
• Combined cooling, heat and power systems 
• Radiant heating and cooling 
• Cool storage 
• Evaporation cooling (adiabatic cooling) 
• Non-electric cooling (LiBr absorption) 
3. Operation cost of the systems 
• Variable speed drive (VSD) pumps, fans working at part 

load conditions 
4. Use of renewable energy sources 



Net zero Building

HEAT PUMP

Coldwell

Air cooler

Pump-2

Valve-BValve-A

Pump-1

Collectors

Warmwell

Building W ind turbine

Heating mode:
Pump-1__Coll. __WW 
__Heatpump __ Pump-1

Charging mode:
Pump-2__Cooler __CW 
__Pump-2

Cooling mode:
Pump-2__Cooler __CW 
__ Heatpump __Pump-2

Charging mode:
Pump-1__Coll. __WW __
Pump-1

Heating mode:
Pump-1__Coll. __WW 
__Heatpump __ Pump-1

Charging mode:
Pump-2__Cooler __CW 
__Pump-2

Cooling mode:
Pump-2__Cooler __CW 
__ Heatpump __Pump-2

Charging mode:
Pump-1__Coll. __WW __
Pump-1



Renewables 2021

Analysis and forecast to 2026



Global progress on conversion to renewable heat has been 
limited



Renewable heat – Outlook to 2026



Renewable heat – Outlook to 2026



How much will renewable energy benefit from global 
stimulus packages?



How much will renewable energy benefit from global 
stimulus packages?



Are renewable heating options cost-competitive with fossil 
fuels in the residential sector?



Are renewable heating options cost-competitive with fossil 
fuels in the residential sector?



Are renewable heating options cost-competitive with fossil 
fuels in the residential sector?



The Six Carbon Budget (Dec 2020)

The UK’s path to Net Zero
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Net zero Building
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