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Energy Efficiency for Construction:
Renewables

Renewables | Summary

To equip the learner with the basic 
knowledge and skills required to understand 
how Renewable Energy is used and the 
benefits of these technologies
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Energy Efficiency for Construction:
Renewables

Renewables | Objectives

ü Identifyexamplesof the different typesof technologythat qualifyasprovidingrenewableenergy.
ü Outlinerenewableenergytechnologiessuitablefor spaceheatingand cooling,and water heating
ü Outline and discussthe minimum level of energy provision required from renewable energy

technologiesto complywith NationalnZEBrequirementsusingcasestudies
ü Understandthe principles of micro generation and how it can benefit complianceof nZEB

buildings
ü Discussandunderstandthe detailsof specifictechnologiesappliedegsolar,thermal,geothermal
ü Outlinethe relevancefor longandshort-term energystoragefor renewablesin buildings
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Energy Efficiency for Construction:
Renewables

Renewables | Content

Topic 1- Introduction to Renewables

Topic 2- Renewable Heating and cooling

Topic 3- Micro generation of electricity and storage
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Energy Efficiency for Construction:
Renewables

1. Introduction to Renewables
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Energy Efficiency for Construction:
Renewables

ά¢ƘŜnearlyzeroenergyrequired in a building(NZEB)shouldbe coveredto a very significantextent by energy
from renewablesources,includingenergyfrom renewablesourcesproducedon-siteorƴŜŀǊōȅέ

Renewable Energy

What is Renewable Energy?

Renewablescomefrom natural sourcesthat arereplenished:

Å Sourcesof renewableenergyinclude: solarthermal,solarphotovoltaic,wind, bioenergy,hydro,wave,tidal, &

geothermalenergy.

Å Low carbon technologies are not completely renewable as they may still have carbon emissions associated with 
it, albeit much smaller than fossil fuel burning technologies. 

Å Heat pump and combined heat and power (CHP) are two low carbon technologies that are used for heating 
buildings in order to reduce the operational costs and CO2 emissions. 

ÅWhen coupled to renewable energy sources, heat pumps are completely emissions-free and the energy that heat 
pumps produce is still classed as 'renewable', even though the pump itself is powered by electricity
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Energy Efficiency for Construction:
Renewables

CƻǊ ŘǿŜƭƭƛƴƎǎΣ άwŜƴŜǿŀōƭŜ 9ƴŜǊƎȅέ ǿƛƭƭ Ƴƻǎǘƭȅ ŎƻƳǇǊƛǎŜ ƻŦΥ

Heating
Å Biomass and Biofuels
Å Heat Pumps (ground, water or air source)
Å Solar Thermal

Power Generation
Å Solar Photovoltaic
Å ²ƛƴŘ όάŀŜǊƻƎŜƴŜǊŀǘƻǊέύ

Renewable Energy
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Energy Efficiency for Construction:
Renewables

ÅEnergy from renewable non-fossil energy sources, e.g. solar energy
(thermal and photovoltaic), wind, hydropower, geothermal, ambient
energy,waveandtidal
ÅBiomassandbiofuelsarealsoconsideredasrenewable
ÅAppliancesmust be designedto run on these fuels only, i.e. incapableof

providingthermalenergyfrom fossilfuels
ÅA boiler capableof utilizing coal or peat, in addition to a biomassfuel

wouldnot beconsidereda renewabletechnology.
ÅSmall-scaleCHP(combinedheat and power) can also be used,providing

electricityandheatsimultaneously

Renewable Energy from Heating Appliances
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Energy Efficiency for Construction:
Renewables

TGD Part L  2019: Renewable Energy Ratio

20% of regulatedprimary energy demand

ÅRegulated energy demand includes heating, cooling, domestic hot water, 
ventilation and lighting
ÅIt does not include household appliances

Minimum Renewable Energy Ratio (RER)
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Energy Efficiency for Construction:
Renewables

Å If the COP is higher than primary energy factor, the difference can be counted 
towards renewable energy contribution

Å Many dwellings meeting renewable energy requirement through heat pumps 
alone (without solar systems)

Primary energy factor for electricity 2.08

COP (coefficient of performance) for most heat 
pumps

> 3.0

Heat Pumps Contributing Towards Renewable Energy Requirement
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Energy Efficiency for Construction:
RenewablesImage Source: Buildup

Rating for 
heating

Noise levels for 
indoor unit 

Noise levels for 
outdoor unit 

Power output (heat 
load) in 3 different 
climate zones

Rating for domestic 
hot water

Energy Efficiency Labels: Heat Pump
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Energy Efficiency for Construction:
Renewables

Å{ƻƭŀǊ ǊŀŘƛŀǘƛƻƴ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ΨŦǊŜŜΩ ǎƻƭŀǊ ŜƴŜǊƎȅ ŀǾŀƛƭŀōƭŜ

ÅMeasured in kWh/m2.year

Å/ŀƴ ōŜ ǳǎŜŘ ΨǇŀǎǎƛǾŜƭȅΩ ǘƘǊƻǳƎƘ ǿƛƴŘƻǿǎ ƻǊ ΨŀŎǘƛǾŜƭȅΩ ǘƘǊƻǳƎƘ ǎƻƭŀǊ 

systems (photo-voltaic or solar thermal)

ÅBe aware of risk of overheating (shading and g-value)!

ÅAmount of energy will vary with orientation

Solar Radiation
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Energy Efficiency for Construction:
Renewables

Å Air-source(taking heat from the ambient air)

Å Geo-thermal (taking heat from the ground: horizontal and vertical)

Å Water-Source(taking heat from water/well)

Å Air-source heat pumps are the most popular due to cost of installation ςno need for 
loop in ground or in water.

Å ¢ƘŜ ǘŜǊƳ ΨǎƻǳǊŎŜΩ ƛǎ ǘƻ ƛƴŘƛŎŀǘŜ ǿƘŜǊŜ ƘŜŀǘ Ŏŀƴ ōŜ ǘŀƪŜƴ ŦǊƻƳ ǘƻ ƘŜŀǘ ǘƘŜ ŘǿŜƭƭƛƴƎ

Heat Pump Types

Images source: SEAI Publications
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Energy Efficiency for Construction:
Renewables

Three types of Air Source Heat Pumps: 

1. Air-to-Water (Ground Source, GSHP and Water Source, WSHP)

Extracted energy from outside air is transferred through a heat exchanger 
to water; can provide full Heating & DHW production

2. Air-to-Air (Air Source, ASHP)

Extracted energy from the outside air is being transferred through a heat 
exchanger to air; these systems can provide full heating only

3. Exhaust Air (EAHP)

Extracts heat from the exhaust air of a building and transfers the heat to 
the supply air, hot water and/or hydronic heating system

Heat Pump Types

source: SEAI Publications
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Energy Efficiency for Construction:
Renewables

2. Renewable Heating and Cooling
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Energy Efficiency for Construction:
Renewables

When you compress a gas, it heats up 
(feel the heat from a bicycle pump)

Compression

When you expand a gas, it cools down
(feel the coolness from spraying deodorant)

Expansion 

Heat pumps compress & expand refrigerants as above to transfer heat from outsideto inside. 
wŜŦǊƛƎŜǊŀƴǘǎ ŀǊŜ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨƘŜŀǘ ǘǊŀƴǎŦŜǊ ŦƭǳƛŘǎΩ   

Heat Pumps: Key Concepts

Image Source: Purchased by 
MosArt-WWETB (iStock 91813849 + 1156955971) 
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Energy Efficiency for Construction:
Renewables

Outdoor Coil

Indoor Coil

Expansion Device

Compressor

Reversing Valve

Refrigerant releases heat to 
air and returns to a liquid 
state

Refrigerant 
absorbs heat from 
air and boils to a 
vapor

Low-pressure
Low-temperature gas

High-pressure
Lower-temperature Liquid

Low-pressure
Low-temperature Gas

High-pressure
High-temperature Gas

Warm Inside Air

Winter Heat Pump Refrigerant Cycle

Image Source: MosArt



N
Z

E
B

 f
o

r 
C

a
rp

e
n
te

rs
N

Z
E

B
 f

o
r 

B
ri

c
k
la

ye
rs

Energy Efficiency for Construction:
Renewables

Heat Pump efficiency is the ratio of the heating or cooling delivered to the 
electrical energy required to operate the system

Heating ratios are quoted in two ways:

ÅCoefficient of Performance (COP) ςthe ratio of heating delivered to the 
electrical energy input, based on lab-testing with set indoor and outdoor 
temperatures

ÅSeasonal performance factor (SPF) - the ratio of heating delivered to the 
electrical energy input, taking into account outdoor temperature variation 
throughout the year

ÅCOP generally higher than SPF, but SPF a more realistic measure 

Heat Pump Efficiency
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Energy Efficiency for Construction:
Renewables

ÅThe majority of heat pumps have an operating limit of 50ϲC ς55ϲC. Reducing the 
output temperature will increase performance

Å Ideal flow temperature = 35ϲC for UFH systems and 45ϲC for low temperature 
radiator systems. 

ÅHeat pumps are not suitable for traditionally sized, high temperature wet radiator 
distribution systems

ÅAlso not suited to providing all the DHW as they cannot raise water to that 
required (60ϲC) to avoid risk of Legionella. 

ÅMost heat pumps use a booster heater/electrical immersion to complete the Anti-
legionella/Disinfection cycle.

ÅA few heat pumps, however, can provide output temperatures of up to 65ϲC and 
specially designed two stage compressor heat pumps can provide output 
temperatures of up to 80ϲC.

Heat Pump Operating Temperatures
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Energy Efficiency for Construction:
Renewables

Main Objective:
Operatethe heat distribution systemat the lowest temperaturethat will meet
the comfort requirementsςthiswill optimiseefficiencyof the heatpump.

ThreeControlOptions:
1. Weather Compensation: most efficient form of control. The output

temperature from heat pump is adjusted according to outside air
temperature.

2. RoomThermostat: thermostatin the housecanbeusedin conjunctionwith
anoutsideair temperaturesensorto influencethe curvecontrol function.

3. FixedTemperature: heat pump switchedon and off by an in-built return
temperature sensor and always operates up to its maximum working
temperature. Doesnot offer optimumsavingsfrom the heatpump.

Heat Pump Space Heating Controls
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Energy Efficiency for Construction:
Renewables

Å A heat meter is a device which measures thermal energy 
delivered to a dwelling, by measuring the flow rate of the 
heat transfer fluid and the change in its temperature 
between the flow & return.

Å District heating systems deliver heat for 
both space heating and water heating 
through a network of insulated underground 
pipelines. 

Image Source: Top ςboilerguide/ Bottom - pctflow.com 

District Heating and Heat Metering
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Energy Efficiency for Construction:
Renewables

A PV system is used to convert solar 
radiation (provided by the sun) into 
electricity.

Solar thermal system, uses the suns 
energy to heat water. 

Photo Voltaic vs Solar Thermal Systems

Image Source: Purchased by MosArt-WWETB  (Top iStock-1090440420) (Bottom iStock-1148634888) 



N
Z

E
B

 f
o

r 
C

a
rp

e
n
te

rs
N

Z
E

B
 f

o
r 

B
ri

c
k
la

ye
rs

Energy Efficiency for Construction:
RenewablesImage Source: SEAI DEAP Manual 4.2.2 July 2020

Working Principle Solar Thermal Systems
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Energy Efficiency for Construction:
Renewables Image Source: SEAI DEAP Manual 4.2.2 July 2020

Vs = dedicated solar 
storage volume

Vd = daily hot water 
demand

Typical Thermal Pre-Heating Arrangements


