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Abstract: Amidst international debate on how to deal with climate change, London has devised an ambitious
plan to reduce emissions and become a zero carbon city by 2050. This paper addresses the building sector
emissions to examine five policies and their subsequent contribution to the zero carbon target by reviewing
the energy use and carbon emissions for London in present and 2050 under two scenarios: BAU and policy
implementation using the policy model developed. The results showed a significant contribution to carbon
reduction and identified grid decarbonisation as the crucial most factor followed by building retrofit and low-
carbon heat policies. Although the policy model quantifies the potential savings from each policy which can be
valuable for policymakers and stakeholders while drafting and investing into such policies, there are limitations
of the current model methodology as it does not take into account the whole scenario and is restricted to
single policy result.
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1. Introduction

The UK in its “2008- Climate Change Act” has set the ambitious target of achieving 80%
reductions in carbon from the 1990’s pre-industrial level, following the Paris Agreement in
2015 which outlined the international aspiration of limiting temperature rise to 1.5°C, or
well below 2°C. Since the building sector alone accounts for a staggering 36% of the total
UK’s emissions, it is evident that the building policies have a significant role to play in
reducing the emissions (CCC, 2019). There has been a steady decline in total emissions from
46.40 MtCO2 in 2005 to 34.11 MtCO2 in 2015 mainly due to the reduction in fuel
consumption of gas and electricity, two highly consumed fuels, and changes in fuels.
Consumption in the building sector for gas dropped significantly by 19,327 GWh, whereas in
electricity there was a drop of merely 2313 GWh in 2015 from 2005 (BEIS, 2018).
Furthermore, due to change in the fuel mix for electricity generation, there was an
approximate reduction of 31 % in grid emissions from electricity between 2005 and 2015
which could have been a major driving force behind emission reduction because electricity
accounts for the largest share of fuel used (LEGGI, 2016).

Recent data from the Greater London Authority suggests massive growth in the
housing sector, aiming to grow up to 10 million by 2036 (GLA, 2018a). In light of these
expansions, the Mayor of London- Sadiq Khan launched the London Environmental Strategy
emphasizing the need to advance London as zero carbon city by 2050. Three key areas of
carbon emissions have been identified — Buildings (domestic and non-domestic), energy
systems and transportation. Subsequent policies and guidelines have been outlined in the
report along with targets for each sector. All the policies combined form the basis of the
framework and are mainly managed on the city level, which eliminates the political
uncertainty associated with national led initiatives.

Five policies were selected on the basis of their possible positive impact on emission
reduction and successful implementation of similar policies in other countries. Three



policies are directly linked to building emissions, whereas the other two have an indirect

linkage to the building related emissions but do play a significant role.
Table 1: Selected Policies

Policy Source

1 Up to 50% of buildings upgraded by 2025, 100% by 2050. Increased proportion of (GLA, 2018c)
whole house retrofits

2 Up to two million heat pumps installed across London by 2050 (GLA, 2018c)
3 Tenfold increase in heat networks by 2025, connecting up to 650,000 homes to waste (GLA, 2018c)
and environmental heat sources by 2050

4 Grid decarbonisation in line with UK carbon budgets. High penetration of renewables (GLA, 2018c)
and nuclear, doubling capacity by 2030

5 Up to 100,000 photovoltaic installations across London by 2025, increasing to 25% of (GLA, 2018c)
all viable buildings by 2050

2. Methodology

A ‘policy model’ was developed for quantifying the impact of policies on greenhouse gas
emissions and their subsequent influence on 2050 Zero Carbon goals. The model was used
along with data available from Zero Carbon Pathway and UCL in-house tool for detailed
analysis of the success potential of the selected policies in reducing carbon emissions from
the city. The model is a simple excel based tool that uses defined datasets to predict
emissions in 2015 and 2050.
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Figure 2: Calculation framework for Policy 1



The calculation for Policy 1 (Up to 50% of buildings upgraded by 2025, 100% by 2050.
Increased proportion of whole house retrofits) has been explained. Other policies follow
similar approach.

3. Result & Analysis

Using the ZCP tool, if no further changes are made in the energy, building and grid sector
then the total emissions will be approximately 34 MtCO2 by 2050. Retrofit building policy
(Policy 1) has relatively lesser CO2 reductions as compared to policies related to low carbon
heat and energy sector, however it is fundamental to the effectiveness of the other policies.
The results also emphasize the importance of London to shift to low carbon heat and
electricity. Although, there has been significant reduction as compared to 1990 levels but it
is a long way to achieve the net zero target which would require more stringent policies and

higher uptake of low carbon technologies.
Table 2: Summary of policy reductions

Policy Focus Area  CO2 emission CO2 emission CO2 emission
reduction from reduction from reduction from
1990 levels 2015 levels 2050 BAU levels
Up to 50% of buildings upgraded by 2025, | Building -27.2% -7.5% -3.4%

100% by 2050. Increased proportion of | Retrofit
whole house retrofits

Up to two million heat pumps installed | Low Carbon -30.9% -12.3% -8.4%
across London by 2050 Heat
Tenfold increase in heat networks by 2025, | Low Carbon -28.9% -9.7% -5.7%

connecting up to 650,000 homes to waste | Heat
and environmental heat sources by 2050
Grid decarbonisation in line with UK | Energy -36.1% -18.8% -15.2%
carbon budgets. High penetration of | Sector

renewables and nuclear, doubling
capacity by 2030

Up to 100,000 photovoltaic installations | Energy -25.8% -5.8% -1.7%
across London by 2025, increasing to 25% | Sector

of all viable buildings by 2050

Retrofit of building stock: High energy efficient building retrofit is fundamental to get on
the net zero path. Time is a critical factor in the deployment of such policies. A faster rate of
building retrofits would result in lesser total cumulative CO2 emissions by 2050.
Furthermore, the dependence of other policies on building retrofit clearly shows the
importance of this policy in ensuring achievement of net zero target on time. Changes in
climate will lead to an increased electricity demand for cooling in the building sector. This
implies that existing retrofitting measures would need to take the cooling demand into
consideration otherwise there would be a risk of overheating. Furthermore, the
development and integration of renewable cooling technologies would also need to be
prioritized. Retrofit of the building stock would not only contribute to decrease in the CO2
emissions but can also help in reducing health related risks associated with poor thermal
indoor environment. Additionally, improvement in fabric and building services can help to
mitigate fuel poverty and protect the owners against fuel price fluctuation (Aecom, 2018).

Low Carbon Heat (Heat Pumps & Heat networks): The policy results for both heat pumps
and heat networks showed a positive impact on carbon reductions. This is further supported
by LES which considers electric heating using heat pumps and connection to heat networks
as the most suitable approach to transition London to low carbon city. Furthermore,
strategies developed by GLA are also strongly inclined towards sourcing heat from




secondary sources such as waste. However, these low carbon heating systems rely on
electrical power to supply heat for space and water thereby placing an additional burden on
the national grid for electricity supply and distribution infrastructure. Heat pump
deployment could be targeted initially towards new buildings, where no additional building
renovation is required, and in off-gas buildings where fewer low carbon options are
available. Heat pumps have the potential to have the highest impact on carbon reduction
terms. Heat networks are aimed at short to medium term emissions savings. Over time as
both electricity and gas grid will decarbonize, emission reductions associated with heat
network will fall (Aecom, 2018). The central location of most of the existing heat networks
allows for a higher uptake for the new buildings, especially among the non-domestic sector
primarily because it is easier to convince small number of large non-domestic owners as
compared to large number of small domestic owners (Etude, 2018).

Energy Sector (Grid Decarbonisation & Renewables): Decarbonisation of the electricity is
grid is considered to be a major player in achieving the net zero carbon target by 2050. The
policy model clearly showed that decarbonising the grid could reduce the emissions by 5.2
MtCO2 as compared to the BAU. Using the ZCP, the electricity consumption calculated over
the years until 2050 showed a progressive growth, as a response to developments and
population growth. Decarbonizing the grid would lead to reduction in CO2 emissions despite
increase in consumption. Since electricity is the highest consumed fuel and contributes a
colossal share, poor execution of this policy could put the Zero carbon plan at risk. Latest
statement released by BEIS suggests that the emissions factor for grid supplied electricity
would decrease over time, from 350 gCO2/kwh to 130 gCO2/kwh in 2030, predominantly due
to changing mix of generation capacity on the electricity network. It is clear why London’s zero
carbon scenario is very distinctly associated with the decarbonisation of the UK electricity grid
and also the gas grid. For future, national policies have been proposed to further cut down
emissions from the grid with focus on energy generation from renewables and nuclear energy.
PV installation can reduce dependence on national grid for electricity demand, supplying
almost half of the domestic electricity(GLA, 2018b). However, due to shortage of area and
infrastructure investment, full potential of renewable energy sources will not be realized.

4. Challenges

The GLA is determined to achieve the net zero carbon goal by 2050, but the road is not
without major barriers. The uncertainty linked with the full implementation of policies puts
a considerable doubt in terms of their contribution to Zero Carbon goal. The public does not
have a strong understanding of the policy options and its contribution to achieving the
target. Despite a strong support for policy leadership regarding climate change, the public
support for policies at best can be described as feeble, highlighting the important role of
policymakers and authorities to ensure public engagement for effective implementation of
policies (Shaw et al., 2018). Furthermore, the ambiguity surrounding Brexit and whether the
UK will continue to follow EU frameworks raises suspicion on its achievement of the target.
Building retrofit: Despite the numerous benefits of retrofitting buildings, high uptake of this
policy is an uphill task with substantial challenges like high capital cost for initial investment and
long payback time. Most of the owners, especially in the domestic sector, are not very willing
because of the disruption caused by retrofitting work. Moreover, existing financial incentives are
not too lucrative, and in most cases there is confusion between landlords and tenants regarding
these incentives (Aecom, 2018). Successful implementation of this policy would require heavy
financial incentive schemes by both regional and national government and awareness regarding



common misconceptions associated with building retrofit. Strict employment of Minimum
Energy Efficiency Standards (MEES) for all buildings can be decisive for this policy.

Low Carbon Heat (Heat pump & Heat network): Although heat pumps provide significant
reductions in emissions and are a good replacement to the conventional gas boilers but
there are considerable challenges. There is a limited carbon budget set out for each year,
this means that the financial investment involved in installation of the heat pumps need to
be lucrative, which is not the case. Heat pump uptake is primarily limited by the somewhat
higher capital costs compared to other heating systems, relatively under-developed supply
chain and lack of consumer familiarity. People are usually sceptical about new technology in
the market and its installation and maintenance cost. This factor along with long
construction period and a prolonged payback time increase uncertainty over its adoption
(Etude, 2018). Replacing conventional heating systems with heat network will most likely
include heavy cost repercussions. The central energy system in itself large and requires
space not only for the engine but also for heavily insulated metal pipes which form the
distribution system. This is also the reason why the system does not allow for an increase or
decrease in its scale as per changes in the heating demand (Element Energy, 2018).
Combustion related issues are also associated with heat networks and can be source of high
risk air pollution resulting in premature deaths (Element Energy, 2018).

Energy Sector (Grid Decarbonisation & Renewables): Although the BEIS has predicted a
progressive reduction of the grid emission factor, its actual achievement looks challenging
considering the decarbonisation of the grid in the past was carried by switching from coal
fired power stations to nuclear and renewable technologies, with gas as an important
component in the generation mix throughout. An increased electricity demand would put
pressure on the existing infrastructure and push towards fossil fuels sources to deal with
peak demands. PV faces similar financial challenges associated with heat pump and heat
networks, the high initial cost of investment can discourage people (GLA, 2018b). In
addition to this, cutbacks on financial support through the Fit and uncertainty in the
national policy framework related to solar energy technology can reduce the successful
implementation of this policy in London, which already has a disadvantage because of high
number of conservation areas and dense developments particularly in the city centre
leading to sub-optimal conditions for solar energy to be harnessed.

5. Thoughts and suggestions

To reduce the additional energy demands associated with the new development proposed
within the City, the government should ensure that these are designed and delivered to
reduce energy demands as much as possible through good fabric design and energy
efficiency measures. Design standards and buildings regulations will play a key role to offset
the increased energy demand by having energy efficient buildings and services. Over the
years, many industry professionals have raised questions on the performance gap between
designed and operational energy usage in buildings. Involvement of the developers and post
occupancy maintenance organisations for monitoring the energy performance of the
building could help to resolve this gap. In addition, designing substitute approaches to
address the energy performance of the building and using modelling tools like Passivhaus
can also help to understand the cause and help to improve the lag.

Heat pump and heat works are closely linked to energy efficiency of the building, and in case
of newly built stock it can be steered by building regulations and policies. Low carbon heat
policies and renewables would require heavy incentive schemes or reformulation of the



existing fiscals schemes like Renewable Heat Incentive (RHI), etc to convince people to
adopt and invest in them. In the later stages of such policies, once they reach a high level of
technological maturity, the subsidies and incentives can be withdrawn. For successful
implementation of the policies, coordination between all the stakeholders involved is
required along with financial incentives. Reduced dependence on carbon intensive fuels like
gas is a necessity as London grows into energy intensive city. Therefore, early investment in
the renewable sector is critical not only for London’s target but for providing cheap clean
energy quickly and avoiding the probable abandon of technologies that rely heavily on fossil
fuels (Baldwin, Cai and Kuralbayeva, 2019).

6. Limitations of this study & further research

This study does not address the policies with a whole system approach or take into account
the life cycle cost analysis. In a realistic scenario, various complexities are involved which is
why the policy results are dependent on many different factors, such factors have not been
accounted for in this study. Calculation methodology is simplistic and does not consider
other external factors influencing the policy. Many questions associated with policy
formation and implementation still remain unanswered, especially the ones focussing on
consumer behaviour and cost implications. Further research into policy analysis using
comprehensive integrated models along with real-world data input from the people can be
extremely valuable in forming policies and their framework for successful execution.

7. Conclusion

City is a complex amalgamation of complex components which are inherently
interconnected to each other, as are the problems within the city, and combined they pose
a major threat to the city and its inhabitants. Various strategies and plans have been devised
to make London zero carbon by 2050. The policy model developed as part of this study
helped to quantify the CO2 emission and comprehend the significance of each policy and its
sector in achieving the zero carbon target. The results showed a positive contribution of
each policy in carbon savings with grid decarbonisation having the major impact. Low
carbon heat was another important aspect with high contribution to carbon reduction with
policies liked to heat network and heat pump installation. Although the findings consider
only single policy impact, but the savings are substantial and would be even more effective
with high uptake of the policies and more severe actions involving public engagement and
financial incentives to overcome the challenges.

8. References

Aecom (2018) ‘Zero Emissions City. City of London, Department of the Built Environment’, (July). Available at:
https://www.cityoflondon.gov.uk/services/environment-and-planning/sustainability/Documents/zero-
emissions-city-2018.pdf.

Baldwin, E., Cai, Y. and Kuralbayeva, K. (2019) ‘To build or not to build? Capital stocks and climate policy*’, Journal
of Environmental Economics and Management. Academic Press. doi: 10.1016/J.JEEM.2019.05.001.

BEIS (2018) ‘UK Greenhouse Gas Emissions-Provisional Figures 2017’, Department for Business, Industrial and
Environmental Strategy, (March), p. 12. Available at: https://www.gov.uk/government/collections/final-.

CCC (2019) ‘Reducing UK Emissions: 2019 Progress Report to Parliament’, Reducing UK Emissions.

Element Energy (2018) London ’ s Climate Action Plan : Zero Carbon Energy Systems.

Etude (2018) LOW CARBON HEAT : Heat Pumps in London.

GLA (2018a) London Environment Strategy. doi: 10.1016/j.bbabio.2006.11.011.

GLA (2018b) ‘SOLAR ACTION PLAN FOR LONDON’, (June).

GLA (2018c) ‘Zero carbon London: A 1.5°C compatible plan’.

LEGGI (2016) ‘London Energy and Greenhouse Gas Inventory’.



