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Existing ORC applications are as follows:

•	 �Cogeneration with biomass, suitable for local utilities feeding 
district heating schemes

•	 �Heat recovery, suitable for industrial applications, internal 
combustion engines and gas turbines

•	 Geothermal, suitable for low and medium temperature systems.

•	 �Solar Thermal, suitable for concentrating solar power (CSP) 
systems upwards of 1MW

There is ongoing research and development into smaller ORC turbines as 
they are currently used predominantly for large scale heat recovery. 

The technology could potentially form part of the Energy Centre 
composition if it becomes commercially viable within the lifetime of the 
development.CCHP (combined cooling, heat and power)

Natural Gas CCHP 

CCHP systems (also known as trigeneration) can provide cooling in 
addition to heat and power by taking excess heat energy from a CHP 
system to cool water in an absorption chiller. This enables the CCHP 
system to extend its running hours and achieve greater CO2 reductions as 
it can contribute to the air conditioning load in the summer and the space 
heating load in the winter.

Figure A.7 – CCHP additional cooling provision from heat.Figure A.8 – CCHP unit .

Design Considerations:

As per CHP the fuel input is typically natural gas but to achieve greater 
reductions in CO2 it is possible to use different fuels such as biomass. 
Biomass CCHP is described in the biomass section.

Plant room space must be considered for the CCHP engine, generator, 
absorption chillers and associated equipment. 

Biomass CCHP

Biomass CCHP operates to similar principles as gas-fired CCHP (see 
earlier section) but with significantly lower CO2 emissions.

Design Considerations:

•	 �Biomass heating could potentially be integrated into an on-site 
energy centre strategy providing supplementary heating, power 
and cooling

•	 �The other design considerations would be the same as for biomass 
boilers

Biomass CCHP is not a proven technology in the UK yet but would 
achieve greater reductions in CO2 than gas-fired CCHP or biomass CHP. 
The provision of an energy centre could enable the integration of the 
system in the future.
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Biomass

Biomass Boilers 

Biomass fuel can include all land and water based vegetation, but is 
typically in woodchip or pellet form. The biomass material is combusted 
in a boiler to heat water in the same way as gas in gas-fired boilers.  

The CO2 released by the process is almost balanced by that absorbed 
during the fuel’s production. If the fuel is sustainably sourced (i.e. new 
growth meets demand), biomass heating approaches a carbon neutral 
process. 

To keep associated CO2 emissions down, it is advisable to source the fuel 
from nearby, with larger, less frequent deliveries. This requires a large 
fuel storage capacity.

Design Considerations:

•	 �Biomass heating could potentially be integrated into an on-site 
energy centre strategy providing supplementary heating

•	 �A large fuel storage capacity would be required on-site and delivery 
traffic and pollution would have to be considered

•	 �NOx and other pollutants associated with the combustion of 
biomass would have to be evaluated in terms of air quality

•	 �The fuel type (wood chip or wood pellet) needs to be considered 
as the decision affects the storage volume potential and CO2 
reductions due to varying density and CO2 intensity

•	 �There would be a requirement to secure a delivery contract for 
biomass fuel to establish the source and availability

Biomass has been identified as an opportunity to reduce CO2 emissions 
when compared to conventional gas boilers. It is assessed in further detail 
specifically for each development option.

Figure A.9 – Examples of biomass boiler and delivery
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Geothermal Power and Heating

Geothermal technology differs from Ground Source Heat Pumps (GSHP) 
as it drills to depths of 3-5km below the Earth’s surface to access hot rock 
below. To capture this heat energy, two wells are drilled diagonally apart, 
to the point where they can end up approximately 2km away from each 
other. Cold water is injected through one, which is then rapidly heated by 
the hot rocks and forced through fractures to the production well which 
returns it to the surface.

There are three different types of geothermal power plant in operation:

i.	 �Dry steam, directly uses geothermal steam to drive turbines. 
150oC minimum operating temperature

ii.	 �Flash steam; pull high pressure water into low pressure tanks to 
produce flash steam to drive turbines. Most common in operation 
today. 180oC minimum operating temperature

iii.	 �Binary; transfers heat to secondary fluid which has a lower boiling 
point that drives the turbine. Binary systems are the most common 
being built as they can work with significantly lower operating 
temperatures

It is also possible to use the heat directly for heating applications.

Design Considerations:

Geothermal Heating is only a viable technology if the geothermal 
conditions of the earth below the surface are appropriate. The map below 
highlights various geothermal zones across the United Kingdom, It is 
evident from the map that London (the location of the Earls Court Site), is 
not in proximity to any suitable geothermal rock formations. 

Figure A.10 – Map of Geothermal Rock Formations in the UK
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The red circle illustrates the point investigated for the Earls Court Site. 

It can be hypothesised that the analysed borehole point will be indicative 
of the entire site as the composition of the entire site is consistent with the 
omission of manmade artificial land, as this is only an on or near surface 
consideration. 

Figure A.12 – Boundary of Earls Court Site on Strata Composition Map

GSHPs (Ground Source Heat Pumps) – Site Wide

Heat pumps can be used to extract heat from the ground or adjacent 
water body by circulating a fluid through a system of pipes to a heat 
exchanger which transfers the energy to the distribution network. This 
can provide space heating and/or pre-heat domestic hot water as well as 
cooling. Ground source heat pumps are often open-loop (extracting and 
rejecting water to an aquifer below the site) or closed loop (bore-hole or 
shallow coil). 

Balanced systems (equal annual heating and cooling energy output) are 
generally preferred.

To assess the site’s suitability for ground source energy a Bespoke Point 
Borehole Prognosis Report has been carried out for the overall Earls Court 
Site by the British Geological Survey (BGS). The following summarises 
the report’s findings.

Figure A.11 – Point Prognosis Location
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Geology

The Earls Court Site’s strata are considered to be approximately as 
follows:

Superficial Deposits Thickness (metres)

Clay, sand and gravel* 5-6

Bedrock (Below Rockhead) Thickness (metres)

Grey silty clay 60

Clay, snad, shell and pebble beds with 
basal sands

16-18

Greyish green fine grained sand* 8-10

White chalk with flints 120

Potential Running Condition Hazard 

The report identified that the sand component of the strata (*) if loosely 
packed could be carried along by the flow of water when extraction occurs 
resulting in subsidence of the surrounding ground.

Groundwater Abstraction

The BGS report analyses the results of drilling to each strata level as 
follows:

Superficial Deposits

It has been concluded that the 5-6 m of clay, sand and gravel are unlikely 
to provide a significant yield. 

Bedrock

The 60m thick layer of grey silty clay has a low permeability and any water 
present will have high sulphate concentrations due to the presence of 
selenite in the rocks. 

The 16-18m of clay, sand, shell and pebble beds with basal sands could 
yield small supplies from the sandier layers. However, there is no record 
of wells abstracting from this layer or the layer of greyish green fine 
grained sand below as the sand is known to run (see potential running 
conditions hazard note). It is therefore simpler to extract from the layer of 
chalk below.

The 120m thick layer of chalk is a micro-porous limestone that yields and 
transmits water by fracture flow. The success of a borehole will therefore 
depend on how many fractures it intercepts. Generally, the chalk’s 
fractures become smaller and less common with depth, to the point 
where drilling further than 60m through saturated chalk will be unlikely to 
markedly increase the yield. The chalk in this area is approximately 90m 
below ground so consequentially it is likely to have a low yield.

Water Table

The rest water level in a borehole on the site is likely to lie about 35-40m 
below the ground surface. It is considered relatively stable after having 
decreased over the last 10 years.
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The following information was collected by BGS from the National Well 
Archive that shows some of the possible yields from the chalk. They are 
variable, but low.

In 1992 an examination of the borehole data in the wider area indicated 
the following theoretical average results:

Conclusions

To provide a usable yield it is necessary to reach the chalk layer, but 
it is still unlikely that a yield in excess of six litres per second could be 
obtained and it is more likely to be in the order of one litre per second or 
less. 

A borehole would have to be approximately 150m deep to penetrate 60m 
of chalk.

If multiple boreholes were constructed to obtain a larger yield, it is possible 
that significant interference effects between the drawdown zones could 
occur. It is likely that high yields and a large water drawdown will induce 
drawdown of the water table over a broad zone, possibly extending for 
hundreds of metres, restricting the yield from each hole.

It is possible to avoid this effect by collecting data from a carefully 
conducted aquifer test and analysis that would include monitoring 
observation boreholes. 

There could also be thermal interference between boreholes. 

 A network of boreholes is considered not to be appropriate for the site 
due to the high risk of a low yield as concluded by the BGS report.

Additionally the report identified a number of existing boreholes on the 
Earls Court Site, although these are most likely used for water capture 
purposes based on their relatively shallow depth.

There is a 25% chance that the yield would be less than 0.39 l/s for the 
same drawdown.

 
Co-ordinates Description Diameter (mm) Chalk depth (m) Total depth (m) Yield (l/s) Rest Water Level below

Ordnance Datum
TQ 2530 7803 Earls Court Station Car park 305 72 160 0.5 33.7

TQ 2485 7853 Avonmore Road Not available Not available 183 1.9 22
TQ 2548 7796 West Brompton Station Not available 36 122 3.1 45
TQ 2413 7881 Hammersmith Road Not available 48 137 0.19 30
TQ 2623 7744 Gunter Grove 305 74 152 4 59

(Extended) 305 105 183 6.3 38

 
Description Diameter (mm) Chalk depth (m) Total depth (m) Yield (l/s) Rest Water Level below Ordnance Datum

1992 wider area data average 300 60 150 1.1 40
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Figure A.13 – Location of existing boreholes on-site

Energy from Waste

The following are the four main energy from waste technologies which are 
currently being implemented in the UK and Europe.

Anaerobic Digestion

Anaerobic digestion (AD) is currently receiving the greatest level of 
promotion both at national level and within London.  Anaerobic digestion 
was specifically identified by the coalition government as a technology 
that is to be developed in order to produce low carbon energy.  In addition 
the London Plan and the Kensington & Chelsea Emerging Core Strategy:  
Draft Waste Policy, both promote the use of AD.  

The AD process can only use non-cellulosic (plant/food waste) organic 
waste within the anaerobic digesters, which breaks down the waste with 
microorganisms in a reduced oxygen environment to produce a methane 
rich biogas, which can be burned to produce electricity and heat.

The technology is widely used in the sewerage industry, the biogas 
product requires less processing in comparison to the Gasification and 
Pyrolysis methods and the flue’s fumes require lower levels of monitoring 
and regulation by the Environmental Agency.

However as the reaction is endothermic part of the energy generated 
is used to heat the waste.  Additionally at the end of the reaction 80-
90% of the original volume is left over, a digestate by-product that can 
be processed to create a soil fertiliser, but this has little to no value.  As 
a result significant volumes of waste are required to produce a notable 
amount of power.

Gasification

The waste is fed through and heated in a reduced oxygen atmosphere 
where it is broken down into two useful by products, syngas (synthetic 
gas) and ash.  Syngas in this instance consists of carbon monoxide and 
hydrogen, which can be either burned directly or processed further to 
produce electricity and heat.  The ash’s composition would depend on the 
feedstock as gasifiers could deal with organic or residual waste, creating 
either a soil fertiliser or a cement replacement respectfully.

The assorted nature of the residual feedstock composition makes it 
difficult to accurately predict levels of ash residue and gas production. 
This is also the case with the Pyrolysis and Incineration options.

Pyrolysis

The Pyrolysis process is similar to the gasification method but in the 
absence of oxygen, resulting in a carbon rich bio-char by product, as well 
as a bio-oil which could potentially have future commercial applications 
and a combustible gas to produce combined heat and power. 

There is a Pyrolysis plant owned by Ethos in Bristol which has been 
operating since 2001 as well as a small scale plant on trial on board the 
Royal Navy ships.

Incineration

Incinerators are widely deployed across UK and Europe to directly heat 
organic and residual waste to create heat and electricity. 

This method reduces the volume of waste going to landfill but requires 
intensive flue emissions treatment due to the potentially toxic emissions 
that are dependent on feedstock and combustion conditions. As well as 
higher levels of particulates and greenhouse gases such as CO2, NOx 
and SOx being produced.

Energy from Waste Strategy

The following summarises the main considerations for on-site and off-site 
energy from waste for the Earls Court Site development.

On-Site Energy from Waste

On-site energy from waste provision would require the collection, storage 
and processing of the waste generated within the Earls Court Site 
development.  This would require a substantial energy from waste facility 
to be integrated on-site and would be best suited to being located on low 
value land remote from the main development to limit the impact of the 
energy from waste facility on the operation of the development (i.e. waste 
transfer, odours, etc).

In order to implement an on-site energy from waste strategy the following 
must be considered:

•	 provision of a single waste collection facility for the development

•	 �waste collection facility ideally to be located adjacent to the a 
single energy centre serving the development

•	 �proximity of the waste facility to the development to limit the impact 
of odours
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Earls Court Site

•	 �design and construction of facility to contain and minimise impact 
of odours

•	 flue discharge height

•	 �accessibility of waste deliveries and waste residue removal to and 
from the waste collection facility

•	 CO2 emissions reductions achievable from each technology

Off-Site Energy from Waste

The Western Riverside Waste Authority (WRWA) has an overarching 
Waste Management Strategy Policy in place. The Riverside Waste 
Partnership has jointly agreed to the following policy statement:

 “The Riverside Waste Partnership - namely the Western Riverside 
Waste Authority and the London boroughs of Hammersmith and Fulham, 
Lambeth, Wandsworth and the Royal Borough of Kensington and Chelsea 
– will establish integrated waste management systems which ensure the 
Best Practicable Environmental Option is pursued for each particular 
waste stream and that these;

•	 embrace the concepts of waste prevention

•	 �seek to achieve a sustained reduction in the amount of waste 
arising

•	 minimise the use of landfill

•	 �increase, as far as is practicably possible, the amount of waste 
that is re-used, recycled and composted

•	 recover energy from waste that cannot be recycled or composted

•	 �maximise the use of sustainable river transport	 assist in 
achieving regional self-sufficiency for the London area	
minimise disruption to others and involve a “good neighbour” 
approach to the management of waste facilities

•	 �represent all round Best Value for the local community without 
excessive cost.”

Belvedere Riverside Resource Efficiency (RRR) Energy from Waste 
(EFW) Facility 

In 2002 the regional local authority WRWA, agreed to a 30 year contract 
with Corey Environmental that has allowed them to construct the Belvedere 
Riverside Resource Recovery (RRR) Energy from Waste (EfW) facility in 
Bexley.  The incinerator will be completed in 2011 and will serve four 
London boroughs along the Thames, which form “The Riverside Waste 
Partnership” along with the WRWA. 

The facility’s riverside location will enable waste to be sustainably 
transported via barges down the Thames, reducing congestion on the 
roads and with lower CO2 operation levels. With an anticipated efficiency 
of 27% it will be one of the most efficient incinerators in Europe with scope 
for combined heat and power (CHP), generating an approximate net power 
output of 66MW.  The consented capacity of the plant is 670,000 tonnes 
per annum (tpa) with an expected average capacity of 585,000 tpa. 

Figure A.14: Map of existing and proposed major waste management facilities

Belvedere RRR 
Energy from Waste 

plant
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Summary

The off-site Belvedere energy from waste incineration plant which is being 
developed at Bexley presents a solution which will have minimal impact on 
the masterplan design and operation in comparison to the implementation 
of an on-site facility.  The strategy of transferring waste from the Earls 
Court Site development to the Belvedere facility would align with the local 
authorities overarching waste strategy.  

This would allow the non recyclable, non food waste to be reused to 
generate energy.  Therefore energy would be generated from the waste 
produced at the Earls Court Site, just not on-site.  The economies of 
scale that the Belvedere facility will benefit from will result in greater CO2 
savings in comparison to an incineration installation, at a significantly 
smaller scale, at the Earls Court Site. 

The sustainable waste transfer option using the river also presents the 
opportunity to limit the impact of transferring waste from the site. 

Fuel Cells

Fuel Cells are electrochemical devices that convert chemical energy 
into electrical energy in an internal reaction. The fuel can react with an 
oxidising agent to generate electricity continuously if both the fuel and 
oxidising agent can be continuously supplied.

A hydrogen fuel cell uses hydrogen as fuel and oxygen as the oxidising 
agent, and the only products are electrical energy and water. There 
are many other types of fuel and oxidising agents but all fuel cells only 
produce water or carbon dioxide as by-products.

The sustainable credentials of fuel cells rely on the production and 
storage of the fuel. The process of separating hydrogen from air is energy 
intensive. If this process is completed by renewable sources it can be 
considered an low/zero carbon technology. 

Design Considerations;

•	 �Fuel Cell technology is proven, but is prohibitively expensive when 
compared to traditional technologies 

•	 The systems feature no moving parts and are very reliable

•	 Can run continuously providing a constant fuel supply 

•	 Requires fuel storage

Fuel cells can be considered as backup systems (hospitals, data centres) 
and isolated environments (space, underwater, island communities) but 
the costs do not justify their involvement in this scheme due to other 
sufficiently available suitable technologies.

•	 �Fuel Cell technology is proven, but is prohibitively expensive when 
compared to traditional technologies

•	 �The systems feature no moving parts and are very reliable.

•	 �Can run continuously providing a constant fuel supply

•	 Requires fuel storage

Fuel cells can be considered as backup systems (hospitals, data centres) 
and isolated environments (space, underwater, island communities) but 
the costs do not justify their involvement in this scheme due to other 
sufficiently available suitable technologies.Centralised Low/Zero Carbon 
Technologies 

The following section summarises the characteristics of each ‘Building’ 
low/zero carbon system highlighting the design and operational 
considerations.  
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CO2 emission factors from data created and used by DEFRA’s Market 
Transformation Programme (MTP) in 2008. The electricity data is a 5 year 
rolling average. The data was provided up to 2020 and a linear line of 
best fit was applied to the emerging trend in order to project future carbon 
intensity levels. 

The emissions of gas boilers, air source heat pumps and CHP were based 
on the following;

•	 CO2 emissions associated with generating 1kWh heat

•	 95% gas-fired boiler efficiency

•	 Heat pump COP of 2 (heating output)

•	 CHP thermal efficiency of 45% and electrical efficiency of 35%

Electricity generated by CHP offsets CO2 generation of heat.

Figure A.22 – Predicted Carbon Intensity of the UK Fuel Supply

Source:  BNXS01: Carbon Dioxide Emission Factors for UK Energy Use


