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Renewable Energy Market Drivers

Political
— Climate change
— Security of supply

Legislative
— Building Regulations Part L
- PPS22

Social
— Escalating fuel costs
— Fuel poverty

Policy
— Code for Sustainable Homes
— Zero Carbon Homes
— Microgeneration Strategy

Incentives
— Grant funding schemes




What is a Heat Pump?

How do they work?




What is a Heat Pump?

Highly energy efficient solution for
space and domestic water heating

— Alternative to a central heating boiler

Able to convert solar energy stored in
the ground, air or underground water
into usable energy for heating and hot
water

Source energy is totally free and
inexhaustible

Low carbon emissions, low running
costs
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How does a Heat Pump work?

Prindple of Operation

25%, Blectrical anﬂy

Conventional refrigeration
technology

Large volume of low grade heat
from the environment converted
into low volume of higher grade
heat

¥, environmental energy |

+

Y4 electrical energy

1kWh electrical energy in = 3-
4kWh heating energy out

300-400% efficiency
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Coefficient of Performance

« EXxpression of heat pump efficiency

« Ratio between electrical energy used and heat delivered

« E.g. 1kWh electrical energy to produce 3-4kWh heat = CoP 3.0 to
4.0
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Section 1.2 How does a heat pump differ from a boiler?




Coefficient of Performance

* CoP affected by:

— Heat source temperature
— Heating water temperature (flow/return temperatures)
— Additional supplementary heating

e CoP continually varies

— A spot measure of performance at optimal conditions
— Much like car mpg figures

Section 1.2 How does a heat pump differ from a boiler?



Heat Pump Benefits

Low carbon emission heating
— 50% lower CO2 emissions per kWh than gas

Lower running cost than conventional heating systems
— Lower impact from fuel cost increases
— No service/maintenance charges

— 20 year + life expectancy

Provides 100% of heating and DHW demand
— Unlike many other renewable technologies

Energy source always available
— Wind/solar, etc intermittent




Energy Efficiency Benefits

e CO2 Emissions

Heating CO2 emissions Efficiency CO2

System per kWh of fuel % emissions
(kgCO2/kWh) per useful

KWh

LPG boiler 0.25 90 0.28

(condensing)

Off peak 0.41 100 0.41

electric

Oil boiler 0.27 80 0.34

Gas boiler 0.19 90 0.21

(condensing)
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Energy Efficiency Benefits

CO2 Emissions Costs
Heating CO2 emissions Efficiency CO2 Cost per Cost per
System per kwWh of fuel % emissions kWh useful kWh
(kgCO2/kWh) per useful
kWh
LPG boiler 0.25 90 0.28 4.62 5.13
(condensing)
Off peak 0.41 100 0.41 3.24 3.24
electric
Oil boiler 0.27 80 0.34 2.99 3.73
Gas boiler 0.19 90 0.21 2.6 2.9
(condensing)
0.41 400 0.1 6.88 1.72
0.41 350 0.12 6.88 1.97
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Types of heat pump

Ground source heat pumps
Air source heat pumps

HECA




Ground Source Heat Pumps

» Extract solar energy stored in
the ground

| » Collectors buried in the ground
— Flexible PE pipe
— Horizontal or vertical

« Water/glycol mix circulated
through collectors to transfer
heat from ground

Click here




Ground Source Heat Pumps

Annual temperature profile

Earth's surface
0] 5\ o E& - Eﬂ'-[]
Dopth | 1 — | N —
|
ami il
il
|
0m|.- .
! |
i I . |
! [ |
| [
Myl | N
# N
Vel Y

* High temperature stability makes
the ground a good heat source

* 1mdeep: 5-17°C
o >15m deep: 8-12°C

* Heat extraction rates vary with soil
type:

— Dry gravels/sand — poor
conductance

— Wet soils/bedrock — good
conductance

TREGAT




Horizontal Ground Collectors

e Ground collectors can be laid
horizontally

 Normally 32mm dia PE pipe
e Depth1l.2-1.5m
 Spacing 0.75m apart
 Lower cost than boreholes
 Requires large land area

 Lower heat extraction rates

10 — 35W/m (depending on ground
type)
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Vertical Ground Collector

« Boreholes can be used when
space is confined or large capacity
IS required

« Efficiency benefit
— Lower temperature fluctuation

 Boreholes typically 65 — 100m
deep

o 32mm or 40mm dia pipes
 Boreholes typically 200mm dia

* Single or double u-probe
configuration

* High heat extraction rate

— 35-100W/m (depending on
ground type)



Ground Source Heat Pumps

More efficient — higher CoP (due consistent heat source
temperatures)

— Lower running costs
— Lower carbon emissions
Quieter (no air movement)

More compact

Considerations

— Ensure the ground collector is sized and designed correctly for the
energy that will need to be extracted from the ground

— Ensure the ground collector is installed correctly



Alr Source Heat Pumps

 Use latent heat in the ambient
air as the heat source

« Can be installed indoors or
outdoors

e Operational downto -20 C

e Variability in temperature
affects CoP and output
throughout the year

 Good CoP’s achieved in UK
due to relatively high ambient
winter air temperatures

— circa4

Section 1.3 Types of Heat Pump



Alr Source Heat Pumps

Energy from the air at low temperatures

e Absolute zero =-273 C
e =0K

At -273T no
more energy 300

can be taken
out from the
environment.

air is full of energy

Section 1.3 Types of Heat Pump



Air Temperature vs CoP

CoP and heating capacity vary significantly with air temperature

LA 11 MS air source heat pump

at A-7 / W35

at A2 / W35

at A7 / W35

at A10 /W35

CoP =29

CoP =34

CoP =41

CoP =4.6

Capacity = 7.6kW
Capacity = 9.1kW
Capacity = 10.9

Capacity = 12.0



Alr Source

Lower installation costs

No need for large area or expensive (and messy!)
boreholes

Retro fittable

Good CoP’s achieved in UK due to relatively high
ambient air temperatures (compared to central Europe)



Heat Distribution Systems



Space Heating

 Heat pumps can provide both space heating and domestic hot water
— 35-55°C water temperature

* Lower temperatures required for underfloor heating
— Larger surface area
— Typically 35 - 40°C

» Higher temperatures required for radiators
— Boilers work on 70 — 80°C
— Maximum heat pump temperature is 55°C
— May require larger radiators to be installed or insulation improvements



Domestic Hot Water

Domestic hot water normally stored at 60 — 65°C
Heat pump can only lift stored water temperature to circa 45°C

Requires additional electric heating element in water cylinder to
boost temperature up to 60°C +

Operation controlled by heat pump controller

Normal to try and use heat pump on an E7/off peak tariff for
preparation of hot water



New housing
Self build
Existing housing
Apartments
Offices

Visitor centres
Schools
Commercial

Applications




Heat Pumps and Low Carbon



Low Carbon Buildings

* Building Regulations Part L
— 2006 — CO, based compliance
— 20% improvement over 2002
— 2010 — further 25% reduction
— 2016 — “zero” carbon

* Planning policies
— “Merton rule” (PPS22)
— 10 - 20% renewables contribution
— Adopted by 90+ local authorities

— Renewable cost constraints no
longer a barrier

 Code for Sustainable Homes

— Mandatory for all new publicly funded
housing development

— Minimum CO, emission levels



Heat Pump CO , Reduction Potential
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Some Examples



4 Bed Detached House, 180m 2

Space Heating

— 16,200 kWh/year

Water Heating
— 4,100 kWhlyear

Lighting
— 1,600 kWh/year

Total Energy Consumption
— 21,900 kWh/year




4 Bed Detached House, 180m 2

« Comparison of CO, emissions for different heating

systems
Condensing Gas Ground Source Heat Air Source Heat
Boiler (90%) Pump (CoP 3.2) Pump (CoP 2.8)
kWh/yr | kgCO,/yr kKWh/yr kgCO,/yr kWh/yr | kgCO,/yr
Heating 18,000 3,420 4,150 1,800 5060 2,180
Hot Water 4,625 880 2,180 940 2,280 980
Lighting 1,600 675 1,600 675 1,600 675
TOTAL 24,225 4,975 8,280 3,415 8,940 3,835
CO, vs Gas -31% -23%
% Renewables 68% 63%




Site Renewables Contribution

 Example development of 20 homes, based on the previous

iHlustration

* To achieve the minimum % of renewable energy for the site, only a
small number of properties are required to have heat pumps

Installed

Site Energy — Renewable Heat Pump No homes on
Gas heating Energy renewable site requiring
(kWhyr) Requirement kKWh/yr per heat pumps to
(kWh/yr) home meet target
GSHP | ASHP | GSHP | ASHP
10% renewables 484,500 48,450 15,945 | 15,285 3 4
15% renewables 484,500 72,765 15,945 | 15,285 5 5
20% renewables 484,500 96,900 15,945 | 15,285 6 I




Block of 30 Flats

Space Heating
— 124,000 kWh/year

Water Heating
— 67,000 kWh/year

Lighting
— 20,000 kWhlyear

Total Energy Consumption
— 211,000 kWh/year

Central plant heat pump for
space heating

— Underfloor in each flat

Direct electric water heating




Block of 30 Flats

« Comparison of CO, emissions for electric space/water
heating and heat pump/electric water heating

Electric Heating Ground Source Heat
(100% efficient) Pump (CoP 3.2)
kWh/yr | kgCO,/yr kWh/yr kgCO,/yr

Heating 124,000 53,300 38,750 16,660
Hot Water 67,000 28,800 67,000 28,800*
Lighting 20,000 8600 20,000 8600
TOTAL 211,000 90,700 125,750 54,070
CO, saving - -40%
% Renewables 0 40%

*Water heated by direct electric



Installation Costs, Running Costs and
Payback



Installation Costs: Domestic Systems

« Estimated installation prices for multiple installation in
a new build housing development

Ground Ground Air Source
Source Heat Source Heat Heat Pump
Pump - Pump -
Horizontal Borehole
Dimplex heat pump (11kW) SI11 MS SI11 MS LA 11 MS
Heat pump cost £3100 £3100 £5000
Ancillary items (hot water cylinder, £2350 £2350 £1850
buffer tank, manifolds, etc)
Ground collector and installation £1500 £3500 -
(including ground works)
Heat pump installation and £2000 £2000 £1000
commissioning
Total (excluding grants) £8,950 £10,950 £7,850




Installation Costs: Non Domestic Systems

« Boreholes normally required for high capacity
systems
Ground
Source Heat
Pump -
Borehole
Dimplex heat pump (50kW) SIS0 TE
Heat pump cost £12000
Ancillary items (hot water cylinder, £1300
buffer tank, manifolds, etc)
Ground collector and installation £24,000
(including ground works)
Heat pump system design, installation £11,000
and commissioning
Total (excluding grants) £48300




Running Costs

£lyear

Annual Running Costs - Heating and Hot Water
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Payback

Ground Source

Ground Source

Heat Pump Heat Pump Condensing Gas

(with grant) (without grant) Boiler
House type 4 bed detached, 180m2, new build
kgCO2/year 2725 2725 4299
Life expectancy (years) 20 20 10
Capital & Installation cost 9000 9000 1500
LCBP2 grant 3150 - -
Distribution system installation cost 2500 2500 2500

Cost comparison over 20 year life span

Annual fuel cost 1 378 378 548
Annual safety inspection - - 75
Service and maintenance - - 117
Total annual running cost 378 378 740
Replacement cost after 10 years 1500
Total cost over 20 years 15,918 19,068 20,297
Lifetime cost per annum 2 891 1048 1200
Cost saving over 20 years (£) 4378 1228 -
CO2 saving over 20 years (kg) 31,474 31,474 -




Heat Pumps vs Other Renewables

Existing Capital KWhlyr Payback Saving Saving
capacity cost per kKW yrs tCO2/yr kgClyr
£/kW per kKW /£1000
CAPEX
Solar 8MW 6,300 750 120 0.32 14
PV
Small - 2,500- 1,700 30 0.7 47
wind 5,000
Solar 35MW 1,250- 1,000 80 0.2 54
Hot 70,000 2,000
Water installations
GSHP 5MW 1,000- 3,000 15-20 0.4 91
600 units 1,500

Source DTI, 2005



Grants and Funding Assistance



Low Carbon Buildings Program Phase 1

DTI grant program for microgeneration/renewable technologies
UK wide
Replaces Clear Skies

Available to house holds, community organisations, schools, public sector
and businesses

3 year program from April 06
£30million grant fund

2 streams:

— 1. small projects (eg home owners, community projects) — available now. 30%
of the installation cost up to £1200 maximum

— 2: larger projects (businesses, community organisations, public sector)



Low Carbon Buildings Programme Phase 1

 Technologies covered by the program include:
— Ground source heat pumps
— Air source heat pumps

« Ground source heat pumps

— Accredited products and installers carried over from Clear Skies
o Air Source heat pumps

— From April 07

www.lowcarbonbuildings.org.uk



Low Carbon Buildings Programme Phase 2

Additional £50m grant funding

Specifically for Public Sector projects
— Local authorities, Housing associations, schools, charities, etc

DTI Appointed Framework Suppliers
— 3 per technology

Programme covers:

— PV, Solar thermal, Ground Source Heat Pumps, Biomass, Microwind
turbines

DIMPLEX A FRAMEWORK SUPPLIER FOR GROUND SOURCE
HEAT PUMPS

Ringfenced funding for each technology group

Funds to be allocated by April 2008



Scotland

Scottish Community & Householder Renewables Initiative
(SCHRI)

« Similar to Low Carbon Buildings Programme
* Includes both ground source and air source heat pumps
» Grant assistance up to £4000 available

« Targeted at community groups and private households



Summary

CO, reduction in buildings is clearly on the agenda and here to stay

Contribution from renewable energy will be key in delivering this
— No longer simply a cost argument

Heat pumps can provide significant carbon and energy savings
— Proven, reliable technology
— High proportion of renewable space and water heating

Can be applied in a very wide variety of applications

Investment costs are high, but return in terms of carbon saving are
significant

More cost effective and better “payback” than any other renewable



Thank you for your attention.

Questions?

www.dimplex.co.uk



