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Abstract 
This paper will explore the feasibility of achieving a Zero Carbon House in London 
and how this standard, as it applies to houses, is affected by climate change. 
The design of a master plan in London will form a context to which a terraced house 
is tested, first under a 2011 climate scenario and subsequently under a 2080 predicted 
climate scenario. This enables the evaluation of the performance of the UK 
Government‟s Zero Carbon „Fabric Energy Efficiency Standards‟ both now and in the 
future. This research then analyses the appropriateness of the measures taken and 
discusses how to prevent a (future predicted) increase in energy demand for cooling. 
 
Keywords: Zero Carbon Compliance, PassivHaus standard, Fabric Energy Efficiency 
standard, climate change. 
 
1. Introduction 
The climate and built fabric performance affect the energy in use carbon emissions 
from buildings. This is evidenced by the housing stock in the UK, which has a 
significant impact on climate change since its emissions contribute around a third of 
the total CO2 emissions in the UK.  
The Intergovernmental Panel on Climate Change (IPCC) estimates a UK climate 
warming of between 1.1 and 6.4°C over pre-industrial temperatures for the coming 
century. As such, the UK has legally bound itself in the Climate Change Act (2008) to 
reduce carbon emissions to 80% below 1990 levels by 2050.
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One of the measures taken to reduce carbon emissions is the introduction of the Zero 
Carbon standard, to be regulated by the  Building Regulations by 2016 for housing 
and 2019 for other buildings or before (depending on which UK region). Zero Carbon 
standards –as also incorporated in the Code for Sustainable Homes

3
– refers to the 

requirement of zero net carbon emissions resulting from heating, gas and electricity.
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See Climate Change Act 2008 available at 
http://www.legislation.gov.uk/ukpga/2008/27/pdfs/ukpga_20080027_en.pdf .  
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A presentation of the Code for Sustainable Homes can be found in Department for Communities and 
Local Government (2008) and Osami & O‟Reilly (2009). 
4 
The definition of Zero Carbon standard is, until today, under revision. According to Zero Carbon Hub, 

when the Code for Sustainable Homes was first announced in 2006, it contained the first definition of 
„Zero Carbon‟ homes, asking for all CO2 emissions from use of the home to be mitigated on-site or by 
directly connected infrastructure. In 2008, the Government attempted a clearer definition of zero 
carbon homes, this time based around a hierarchical approach to achieve zero carbon. This approach is 
composed by the following steps: (1

st
) Ensuring an energy efficient approach to building design; (2

nd
) 

Reducing CO2 emissions on-site via low and zero carbon technologies and connected heat networks  
and (3

rd
) Mitigating the remaining carbon emissions with a selection of Allowable Solutions. However 

in March 2011 an announcement by the Government declares that the zero carbon new homes policy 
estates that it will include only the emissions covered by Building Regulations (heating, fixed lighting, 

http://nceub.org.uk/
http://www.legislation.gov.uk/ukpga/2008/27/pdfs/ukpga_20080027_en.pdf


2 

In this context, the energy efficiency of the building fabric constitutes the basis on 
which build the feasibility towards Zero Carbon housing, because it minimizes the 
energy demand. The recommended Fabric Energy Efficiency standard (FEES) have 
been proposed by the Zero Carbon Hub in order to secure a long-term energy 
efficiency and lasting benefit for home owners and occupiers, while at the same time 
meeting the UK‟s carbon reduction agenda. 
This research paper has used the above methodology as the starting point to 
investigate the feasibility of Zero Carbon house in London. The research then will 
aim to extend the benefits of passive design into the future, this is especially 
important in a changing climate which might increase the risk of overheating. 
 
2. Methods 
This work addresses two basic questions. On the one hand, it addresses the question 
„Can a house achieve Zero Carbon Compliance in the city?’; on the other hand, it 
addresses the question whether the Zero Carbon FEES may still be regarded as 
appropriate in a changing climate.  
From a methodological point of view, in this report the first question is addressed 
with a specific project, in Gospel Oak in London, which answers the question by 
means of designing a master plan and residential housing for this area. Several 
research methods were used and can be split into six steps: 

(1) designing the master plan of the area in which the house refers to, based on 
sustainable design;
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(2) designing the terrace houses based on PassivHaus principles;  
(3) calculating the energy demand of the master plan as well as the terrace house; 

this is obtained from modelling one (worst case performing house) in PHPP 
2007 (PassivHaus Planning Package 2007);
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(4) quantifying the CO2 emissions of the master plan as well as the designed 
house; (this is derived from multiplying the results achieved in „step 3‟ with 
the Carbon Trust Fuel intensity figures);
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(5) calculating the energy gains of the master plan as well as the designed house 
from on-site via low and zero carbon technologies; (this is estimated by 
extrapolating the results obtained in steps „3‟ and „4‟ across the master plan 
built area); 

(6) verifying the compliance of master plan and house with Carbon Compliance 
(by undertaking a renewable energy feasibility, using the GLA‟s Renewable 
Energy Toolkit)

 
. 

Midway during the writing of this paper, the Zero Carbon definition altered to no 
longer include „the unregulated energy‟, i.e. plug-in appliances. However, this paper 
is still based on a methodology that will include unregulated energy and carbon 
                                                                                                                                                                      
hot water and building services). Therefore, emissions from cooking and 'plug-in' appliances such as 
computers and televisions will not be addressed as part of this policy (source: Zero Carbon Hub 
website). However, as part of this paper, it was decided to include unregulated energy from appliances. 
5
 This was undertaken as part of the MA Architecture: Sustainability & Design at UEL under tutelage 

of Pelsmakers & Choi. The master plan design was undertaken in group. I wish to thank Sofie 
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contents of this paper rests solely with me. The master plan design was undertaken in group. 
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PHPP 2007 is a design tool that provides energy assessment, calculation of U-values of components, 
calculating energy balances, heat load, summer comfort and design of comfort ventilation. See 
PassivHaus Institute website, available at 
http://www.passiv.de/index.html?/07_eng/phpp/PHPP2007_F.htm. 
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http://www.carbontrust.co.uk/cut-carbon-reduce-costs/calculate/carbon-footprinting/pages/conversion-
factors.aspx
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emissions and calculates the energy demand (step „3‟) as the result of the addition of 
(a) space heat demand, (b) electricity consumption and (c) domestic hot water. 
In order to calculate the space heat demand (SHD), normally benchmarks of 
consumption of energy for heating are used. However, in this particular case PHPP 
2007 has been used since it provides an accurate calculation for SHD. The electricity 
consumption and the domestic hot water (DHW) will be calculated by referring to the 
national benchmarks from the 40%House project benchmark (worst-case scenario) for 
electricity consumption and DHW consumption.

8
 This choice is justified, again, by 

reasons of accuracy and it being based on UK current usage patterns. Subsequently, 
the conversion of the operational energy calculated projections into CO2 emissions 
(step „4‟) will to verify its Carbon Compliance.  
 
Addressing the 
second question –
namely, ‘Would 
the Zero Carbon 
energy efficiency 
standards still be 
appropriate in a 
changing 
climate?’– requires 
one to explore 
whether the results 
accounted for the 
first part of this 
paper will still be 
sufficient in a changing climate scenario. The scenario chosen will be the one 
predicted for 2080, i.e. medium to high risk UKCIP scenario for London. In this 
context, a comparison is made between the performance, over the time, of different 
FEES chosen, such as the Zero Carbon recommended 39kWh/m

2
a (or so called base 

specifications) and the more advanced 15kWh/m
2
a PassivHaus standard (or so called 

specification D). This will allow one to gain data over the variation of SSHD and risk 
of overheating. 
The research uses the climate predictions from the UK Climate Projections and the 
climate data from the UK Climate Impacts Programme (UKCIP) for 2080 was added 
into PHPP 2007, which creates a new climate scenario (2080) with its corresponding 
specific results for SHD and summer overheating occurrence, which is one of the 
main concerns following on from a warming climate. 
 
3. Achieving Zero carbon standard in the city: 2011 scenario 
The design of the master plan (step „1‟ in the methodology), has been conducted in 
order to re–think the master plan and explore the opportunity not only the social 
aspects of the site but also to enhance the microclimate in which the zero carbon 
houses will be located. There, the terrace houses are conceived (step „2‟ in the 
methodology) to be mixed–use: on the ground floor are located offices/workshops or 
elderly couples apartment, and on the upper floors a duplex apartment. This typology 
increases the liveability of the area and, at the same time, it increases the efficiency of 
the use of the LZC technologies (for example solar panels produce energy during the 
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The “40% House” is an energy strategy to deliver 60% carbon saving in the UK‟s residential energy 
use by 2050 that has been proposed by the Oxford University‟s Environmental Change Institute. On 
this strategy see Environmental Change Institute Website available at 
http://www.eci.ox.ac.uk/research/energy/40house.php

 
 

 
Fig. 1   Figures from “Defining a Fabric Energy Efficiency standard for 
Zero carbon Homes” (Zero Carbon Hub Report (2009), modified by the 
author. 

http://www.eci.ox.ac.uk/research/energy/40house.php
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day, which can then be used by the elderly people or workspaces as it is being 
produced ). The choice to opt for PassivHaus standard is based on the fact that the 
energy demand inherent to a PassivHaus standard is lowered from the maximum 
recommended „zero carbon‟ levels (15 kWh/m2 per annum instead of 39kWh/m

2
 per 

annum
9
). The reason for this strategy is that – as Fig.5 indicates- this further reduces 

energy demand and therefore reduces the need for active „renewable „energy measures 
to be relied upon. 

; 
Fig. 2   House: axonometric and PHPP results, author‟s own. 

 
The estimation of the energy demand and related CO2 quantification of the terrace 
house (steps „3‟ and „4‟ in the methodology) is shown in the picture below (Fig. 3). In 
there, the levels of CO2 of the built house are 35kgCO2/m

2
 p.a, when built to 

PassivHaus standards. (This number has to be reduced to 11kgCO2/m
2
 p.a. to achieve 

Zero Carbon Compliance). 
10

  

 
Fig. 3   Energy demand of one terrace house and correspondent CO2 emissions results, author‟s own. 

 
In order to develop a strategy 
for low and zero carbon 
technologies (step „5‟ in the 
methodology), an analysis of 
the distribution of energy 
demand and CO2 emission 
related to the house was 
undertaken: the graph below 
(Fig. 4) shows that the 
biggest proportion of energy 
demand is allocated for 
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According to the Zero Carbon Hub „Defining a Fabric Energy Efficiency standards report‟, the 
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From Zero Carbon Hub (2010), Carbon Compliance: What is the appropriate level for 2016? Interim 
Report (available at 
http://www.zerocarbonhub.org/resourcefiles/Carbon_Compliance_Interim_Report_16_12_10.pdf). 

 
Fig. 4   Distribution of energy demand and CO2 emissions, 
author‟s own. 
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DHW, which in this project would normally be generated by natural gas. In the UK 
the fuel gas is less carbon intense than electricity, and this explains the big 
contribution of CO2 emissions if compared with CO2 emissions from electricity. 
Nevertheless, it is worth mentioning that if the grid becomes cleaner (i.e. offshore 
wind turbines) the results for the amount of CO2 emissions will change. 
In order to achieve Zero Carbon Compliance – step „6‟ in the methodology – the 
house is not allowed to have emissions greater than 11kgCO2/m

2
 p.a. after the use of 

FEES and on-site renewables. Carbon compliance is achieved through a combination 
of technologies that will offset the energy demand (and its consequent CO2 emissions) 
of both the electricity (including space heat demand, run by MVHR) and DHW 
demand. This calculation does not include the unregulated energy required to run the 
LZC technologies.  
The graph below (Fig. 5) shows the result of the feasibility study for renewable 
technology suitable for the project. As shown, three options achieve the desired result 
(max. CO2 emissions for the house set at 11kgCO2 /m

2
 year): PV to offset the energy 

demand of electricity combined with either solar thermal panels, or micro CHP or 
biomass to offset the energy demand of DHW. Under the proposed zero carbon 
definition, the remaining 11kgCO2/m

2
a would need to be reduced to „zero‟ by what is 

referred to as „allowable solutions‟
11

.  

 
Fig. 5   LZC technologies feasibility, author‟s own. 

 
4. Achieving Zero carbon standard in the city: 2080 scenario  
A first projection into a 2080 climatic scenario (medium scenario) shows a further 
reduction of energy demand. This is due to an expected increase of at least 3°C in 
mean temperature, therefore, the SHD will eventually reduce.

 12
 This reduction does 

not exclusively mean an improvement on the CO2 emissions reduction: the energy 
demand for cooling has to be verified. As described earlier, the design is based on 
PassivHaus standard (Specification D, Fig.1).

13
 In order to secure a long term energy 

efficiency and lasting benefit for home owners and occupiers, an analysis on the 
variation of the results of both SHD and risk of overheating has been conducted.  
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 Allowable solutions could include additional on-site energy generation or other off-site measures. 
This step has not been undertaken as at the time of writing, the „allowable solutions‟ were not yet 
announced. 
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DEFRA in its report “Adapting to climate change-UK Climate Projections” stated that even is a low 
emission scenario at least 3°C increase in mean temperature will be registered in the UK by 2080.
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http://www.zerocarbonhub.org/resourcefiles/FEES_ExecSummary_15_3_10.pdf (accessed: 20 August 
2011) 
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Although the U-values do not 
change, the implications on the 
benefit provided do change with 
regards to overheating risks. 
The calculations (Fig. 6) show that 
for both FEES specifications, i.e. 
Zero Carbon FEES and PassivHaus 
FEES, in 2080 the SHD is almost 
halved from the values in 2011. 
Nevertheless, FEES base 
specification (Zero Carbon) appears 
as a safer choice in terms of 
overheating (in the PassivHaus the 
risk of overheating doubles it). 
Nevertheless, the emissions of CO2 

are higher in the Zero carbon FEES 
specification than the PassivHaus 
specification (a difference of 786 
kgCO2/year).  
However, with some design 
changes, such as introducing night 
cooling, the percentage of 
overheating is limited to acceptable 
values of ≤5% (although there is 
minimal advantage for the Zero 
Carbon FEES, which performs 
slightly better under the overheating 
parameter). 
 
5. Conclusions 
Overall, the results of this work 
showed that in order to achieve a 
Zero Carbon House in the city, the design should be based on passive solar design and 
PassivHaus FEES as this reduces the carbon emissions more than the Zero Carbon 
FEES standard without compromising summer comfort. In fact, with Zero Carbon 
FEES standard there would have been an increase of 22KgCO2/m

2
/p.a., which means 

a 3299KgCO2/p.a. for the entire house. In order to achieve Zero Carbon Compliance 
the house needed a combination of two LZC technologies, mostly one to produce 
electricity and one to produce DHW. In addition to this, a mixed use typology add 
further efficiencies to the LZC technology applied. 
The performance of the FEES modelled under climate change scenarios showed that 
whereas the SHD of the house has positively decreased, there was a corresponding 
alarming increase in overheating, potentially compromising summer thermal comfort 
at the expense of increasing winter thermal comfort. This suggested the need for 
introducing an alternative model shaped such as to avoid the future use of air-
conditioning (and the consequent increase in the electricity demand). This alternative 
model, based on the principle of night cooling, showed that in order to preserve the 
energy saving and the comfort of the house one must allow for night ventilation (or 
other passive cooling) when the building is designed. For, care will need to be taken 
to provide secure and safe night cooling, otherwise air-conditioning is likely to be 
used by 2080, negating any winter energy in use reductions. 
 

  
 

 
 
Fig. 6    Zero Carbon FEES and PassivHaus FEES 
(below with night cooling) performance under a 
climate change scenario, author‟s own. 
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