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To turn this vision into reality 
���“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i���>�V�>�`�i�“�ˆ�V�Ã��
�Ã�Õ�}�}�i�Ã�Ì���Ì�…�>�Ì���>���˜�Õ�“�L�i�À���œ�v���“�>�À�Ž�i�Ì��
reforms may be required. The 
�v�Õ�Ì�Õ�À�i���V�œ�Ã�Ì���œ�v���`�i�•�ˆ�Û�i�À�ˆ�˜�}���«�œ�Ü�i�À��
will be determined by how and 
�Ü�…�i�˜���V�Õ�Ã�Ì�œ�“�i�À�Ã���V�œ�˜�Ã�Õ�“�i�]���˜�œ�Ì��
how much they consume. Markets 
�˜�i�i�`���Ì�œ���L�i���V�œ�˜�Ã�Õ�“�i�À���V�i�˜�Ì�À�ˆ�V�]��
�“�Õ�Ã�Ì���«�À�œ�“�œ�Ì�i���>���Ü�ˆ�`�i�À���À�>�˜�}�i���œ�v��
�V�œ�˜�Ã�Õ�“�i�À���V�…�œ�ˆ�V�i�Ã���>�˜�`���“�Õ�Ã�Ì���}�ˆ�Û�i��
�V�•�i�>�À���«�À�ˆ�V�i���Ã�ˆ�}�˜�>�•�Ã�°���/�…�œ�Ã�i���Ì�…�>�Ì��
�i�“�L�À�>�V�i���`�i�“�>�˜�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���V�œ�Õ�•�`��
�i�Ý�«�i�V�Ì���L�ˆ�•�•�Ã���Ì�œ���L�i���…�>�•�v���Ì�…�œ�Ã�i���œ�v��
�ˆ�˜�y�i�Ý�ˆ�L�•�i���«�i�i�À�Ã���V�œ�˜�Ã�Õ�“�ˆ�˜�}���Ì�…�>�Ì��
�Ã�>�“�i���>�“�œ�Õ�˜�Ì�°���
�˜�i�À�}�Þ���“�>�À�Ž�i�Ì�Ã��
and the objectives of the low 
�V�>�À�L�œ�˜���>�}�i�˜�`�>���˜�i�i�`���Ì�œ���L�i��
�>�•�ˆ�}�˜�i�`�]���v�œ�À���i�Ý�>�“�«�•�i���>�•�ˆ�}�˜�ˆ�˜�}���Ì�…�i��
capacity market and Renewable 
�"�L�•�ˆ�}�>�Ì�ˆ�œ�˜�Ã���Ã�V�…�i�“�i�]���`�i�“�>�˜�`��
�Ã�ˆ�`�i���À�i�Ã�«�œ�˜�Ã�i���>�˜�`���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�Ã�…�œ�Õ�•�`���œ�«�i�À�>�Ì�i���œ�˜���>���•�i�Û�i�•���«�•�>�Þ�ˆ�˜�}��
�w�i�•�`���>�˜�`���“�>�À�Ž�i�Ì���«�À�ˆ�V�i�Ã���˜�i�i�`���Ì�œ��
�L�i���V�œ�Ã�Ì���À�i�y�i�V�Ì�ˆ�Û�i�°��

�	�Þ���V�À�i�>�Ì�ˆ�˜�}���Ì�…�i�Ã�i���V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã�]��
�…�i�>�Ì�ˆ�˜�}���Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã���Ã�Õ�V�…���>�Ã���Ì�…�>�Ì��
demonstrated in Freedom 
�V�œ�Õ�•�`���Ì�…�À�ˆ�Û�i�]���V�Õ�Ã�Ì�œ�“�i�À�Ã���Ü�œ�Õ�•�`��
�L�i�˜�i�w�Ì���v�À�œ�“���•�œ�Ü�i�À���L�ˆ�•�•�Ã���>�˜�`���Ì�…�i��
transition to an affordable low 
�V�>�À�L�œ�˜���`�ˆ�}�ˆ�Ì�>�•���i�˜�i�À�}�Þ���“�>�À�Ž�i�Ì 
will commence. 

The UK is a world leader in 
�Ì�…�i���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ì�…�>�Ì���V�œ�Õ�•�`��
enable this transformation and 
our island status with limited 
interconnection makes the 
�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì���Ì�œ���Ã�œ�•�Û�i���Ì�…�i���i�˜�i�À�}�Þ��
�Ã�Þ�Ã�Ì�i�“���V�…�>�•�•�i�˜�}�i���>�•�•���Ì�…�i���“�œ�À�i��
�«�À�i�Ã�Ã�ˆ�˜�}�°���/�…�i�����À�i�i�`�œ�“���*�À�œ�•�i�V�Ì��
�…�>�Ã���Ã�ˆ�}�˜�«�œ�Ã�Ì�i�`���>���Ü�>�Þ���v�œ�À�Ü�>�À�`��
�Ì�œ���“�>�Ý�ˆ�“�ˆ�Ã�i���Ì�…�i���L�i�˜�i�w�Ì�Ã���v�œ�À��
consumers and as partners 
we will continue to build on 
Freedom’s success.

1 .  F O R E W O R D

Project Partner 
Foreword

Nigel Turvey

Western Power 
Distribution

Chris Clarke

Wales & West  
Utilities

Colin Calder

PassivSystems

The Freedom Project is a joint Western Power Distribution and Wales & West 
Utilities £5m innovation initiative in the Bridgend ‘living heat laboratory’ in South 
�9�C�N�G�U�����7�U�K�P�I���C�P���C�K�T���U�Q�W�T�E�G���J�G�C�V���R�W�O�R���C�P�F���J�K�I�J���G�H�‚�E�K�G�P�E�[���I�C�U���D�Q�K�N�G�T���J�[�D�T�K�F���U�[�U�V�G�O��
�K�P���������T�G�U�K�F�G�P�V�K�C�N���R�T�Q�R�G�T�V�K�G�U�����V�J�G���R�T�Q�L�G�E�V���J�C�U���F�G�O�Q�P�U�V�T�C�V�G�F���V�J�G���U�K�I�P�K�‚�E�C�P�V���D�G�P�G�‚�V�U��
that an integrated whole energy systems approach to deploying smart dual-fuel 
technologies can deliver.

�(�T�G�G�F�Q�O���2�T�Q�L�G�E�V���‚�P�F�K�P�I�U���R�Q�K�P�V���V�Q���C���D�T�G�C�M�V�J�T�Q�W�I�J���H�Q�T���J�Q�O�G���E�Q�O�H�Q�T�V

�/�…�i���«�À�œ�•�i�V�Ì���…�>�Ã���Ã�…�œ�Ü�˜���Ì�…�>�Ì���Õ�Ã�ˆ�˜�}��
�i�Ý�ˆ�Ã�Ì�ˆ�˜�}���Õ�Ì�ˆ�•�ˆ�Ì�Þ���ˆ�˜�v�À�>�Ã�Ì�À�Õ�V�Ì�Õ�À�i��
�>�Ã�Ã�i�Ì�Ã�]���>���…�Þ�L�À�ˆ�`���>�«�«�À�œ�>�V�…���Ì�œ��
�…�i�>�Ì�ˆ�˜�}���Ì�…�>�Ì���…�>�À�˜�i�Ã�Ã�i�Ã���}�À�œ�Ü�ˆ�˜�}��
contributions of renewable 
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`���}�À�i�i�˜���}�>�Ã���V�œ�Õ�•�`��
deliver the total decarbonisation 
of domestic heat.

�/�…�i���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜���>�}�i�˜�`�>���…�>�Ã��
�>�•�À�i�>�`�Þ���À�i�Ã�Õ�•�Ì�i�`���ˆ�˜���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì��
�V�…�>�˜�}�i���ˆ�˜���Ì�…�i���«�À�œ�`�Õ�V�Ì�ˆ�œ�˜���œ�v��
�i�˜�i�À�}�Þ�°���/�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���V�…�>�˜�}�ˆ�˜�}��
from one of controllable 
�Ì�…�i�À�“�>�•���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ì�œ���Õ�˜�V�i�À�Ì�>�ˆ�˜��
�À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ü�ˆ�Ì�…��
�…�ˆ�}�…���•�i�Û�i�•�Ã���œ�v���Û�>�À�ˆ�>�L�ˆ�•�ˆ�Ì�Þ�°
It is well understood that 
�“�>�ˆ�˜�Ì�>�ˆ�˜�ˆ�˜�}���Ã�i�V�Õ�À�ˆ�Ì�Þ���œ�v���Ã�Õ�«�«�•�Þ���ˆ�˜��
�>���`�i�V�>�À�L�œ�˜�ˆ�Ã�i�`���i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“��
�«�À�i�Ã�i�˜�Ì�Ã���“�>�˜�Þ���V�…�>�•�•�i�˜�}�i�Ã�° 
�/�…�i���«�À�œ�•�i�V�Ì���w�˜�`�ˆ�˜�}�Ã���…�>�Û�i���Ã�…�œ�Ü�˜��
�Ì�…�>�Ì���Ã�“�>�À�Ì�]���y�i�Ý�ˆ�L�•�Þ���V�œ�˜�Ì�À�œ�•�•�>�L�•�i��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ì�i�V�…�˜�œ�•�œ�}�Þ���V�>�˜��
�>�•�Ü�>�Þ�Ã���v�>�•�•���L�>�V�Ž���œ�˜�Ì�œ���Ì�…�i���}�>�Ã��
�˜�i�Ì�Ü�œ�À�Ž���>�˜�`���«�À�i�Ã�i�˜�Ì���>���À�>�˜�}�i���œ�v��
opportunities which maintains 
�…�ˆ�}�…���•�i�Û�i�•�Ã���œ�v���Ã�i�V�Õ�À�ˆ�Ì�Þ���œ�v���Ã�Õ�«�«�•�Þ��

in an electricity system with 
�ˆ�˜�Ì�i�À�“�ˆ�Ì�Ì�i�˜�Ì�]���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�i�`���>�˜�`��
weather dependent inputs. 

�/�…�i���V�œ�Ã�Ì���œ�v���i�˜�Ã�Õ�À�ˆ�˜�}���V�œ�˜�Ì�ˆ�˜�Õ�i�`��
security of supply with 
intermittent low carbon power 
runs into £billions per year if 
�`�i�“�>�˜�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���ˆ�Ã���˜�œ�Ì���«�>�À�Ì��
of the solution. The Freedom 
Project has shown that by 
�Õ�Ã�ˆ�˜�}���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•���Ì�œ���“�>�˜�>�}�i��
�y�i�Ý�ˆ�L�•�i���`�i�“�>�˜�`�]���ˆ�Ì���ˆ�Ã���«�œ�Ã�Ã�ˆ�L�•�i��
�Ì�œ���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���À�i�`�Õ�V�i���i�˜�i�À�}�Þ��
systems costs by as much as 
£15billion per year compared 
�Ì�œ���v�Õ�•�•���i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜���q���Ü�ˆ�Ì�…���œ�Õ�À��
�>�˜�>�•�Þ�Ã�ˆ�Ã���ˆ�˜�`�ˆ�V�>�Ì�ˆ�˜�}���Ì�…�>�Ì���…�Þ�L�À�ˆ�`�Ã��
could be the lowest cost pathway 
�Ì�œ���`�i�V�>�À�L�œ�˜�ˆ�Ã�i���…�œ�“�i���…�i�>�Ì�ˆ�˜�}�°

�/�…�i���L�ˆ�}�}�i�Ã�Ì���V�…�>�•�•�i�˜�}�i���ˆ�˜��
�`�i�V�>�À�L�œ�˜�ˆ�Ã�ˆ�˜�}���…�i�>�Ì���ˆ�Ã���…�œ�Ü��
to fund low carbon customer 
equipment that is more costly 
�Ì�…�>�˜���V�Õ�À�À�i�˜�Ì���“�>�À�Ž�i�Ì���Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã�]��
�ˆ�˜���Ì�…�i���V�>�Ã�i���œ�v���`�œ�“�i�Ã�Ì�ˆ�V���…�i�>�Ì�ˆ�˜�}�]��
�Ì�…�i���}�>�Ã���L�œ�ˆ�•�i�À�°�����À�i�i�`�œ�“���À�i�Ã�i�>�À�V�…�]��

�V�>�À�À�ˆ�i�`���œ�Õ�Ì���L�Þ�����“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i�]��
�«�À�œ�«�œ�Ã�i�Ã���Ì�…�>�Ì���Ì�…�i���i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“��
�L�i�˜�i�w�Ì�Ã���œ�v���`�i�“�>�˜�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ��
are directed to the consumer 
to be used to fund low carbon 
�…�i�>�Ì�ˆ�˜�}���>�Ã�Ã�i�Ì�Ã���q���«�À�œ�Û�ˆ�`�ˆ�˜�}���>�˜��
attractive proposition which is 
affordable for customers on and 
�œ�v�v���Ì�…�i���}�>�Ã���}�À�ˆ�`�]���Ü�ˆ�Ì�…���œ�v�v�‡�}�>�Ã���}�À�ˆ�`��
�…�œ�“�i�Ã���«�À�i�Ã�i�˜�Ì�ˆ�˜�}���>�˜���ˆ�“�“�i�`�ˆ�>�Ì�i��
opportunity to adopt the 
�Ì�i�V�…�˜�œ�•�œ�}�Þ�°��

One of the most practical 
�V�…�>�•�•�i�˜�}�i�Ã���œ�v���ˆ�“�«�•�i�“�i�˜�Ì�ˆ�˜�}��
low carbon heat solutions in 
�…�œ�“�i�Ã���ˆ�Ã���Ì�…�i���V�…�>�˜�}�i�œ�Û�i�À���Ì�œ���•�œ�Ü��
�Ì�i�“�«�i�À�>�Ì�Õ�À�i���Ã�Þ�Ã�Ì�i�“�Ã�]���Ã�Õ�V�…���>�Ã��
�…�i�>�Ì���«�Õ�“�«�Ã�]���Ü�…�ˆ�V�…���V�>�˜���ˆ�˜�Û�œ�•�Û�i��
costly and disruptive in-home 
�À�i�Ì�À�œ�w�Ì�Ì�i�`���ˆ�˜�Ã�Õ�•�>�Ì�ˆ�œ�˜���“�i�>�Ã�Õ�À�i�Ã��
and replacement of radiators. 
���Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���>�Û�œ�ˆ�`�Ã���Ì�…�i�Ã�i��
problems and delivers an 
�>�«�«�i�>�•�ˆ�˜�}���Ã�“�>�À�Ì���Ì�i�V�…�˜�œ�•�œ�}�Þ��
solution to decarbonise heat 
that offers lowest disruption 
to the householder.
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1. Executive summary

The UK has made great 
strides in decarbonising 
the power sector and 
new technologies are 
starting to drive low 
carbon transitions in the 
gas and transport sectors. 
The decarbonisation 
of heating remains 
stubbornly resistant 
to incentive schemes 
aimed at promoting low 
carbon alternatives to the 
ubiquitous condensing  
gas boiler. 

�-�œ�•�Û�ˆ�˜�}���Ì�…�i���…�i�>�Ì�ˆ�˜�}���V�…�>�•�•�i�˜�}�i��
�ˆ�Ã���V�œ�“�«�•�i�Ý�°���-�œ�•�Õ�Ì�ˆ�œ�˜�Ã���˜�i�i�`���Ì�œ��
reduce carbon emissions whilst 
�«�À�œ�Û�ˆ�`�ˆ�˜�}���V�œ�“�v�œ�À�Ì���>�˜�`���Û�>�•�Õ�i��
�Ì�œ���V�œ�˜�Ã�Õ�“�i�À�Ã�]���>�Û�œ�ˆ�`�ˆ�˜�}���…�ˆ�}�…��
�V�>�«�ˆ�Ì�>�•���V�œ�Ã�Ì�Ã���>�˜�`���`�i�•�ˆ�Û�i�À�ˆ�˜�}���…�i�>�Ì��
�Ü�ˆ�Ì�…�œ�Õ�Ì���V�À�i�>�Ì�ˆ�˜�}���V�>�«�>�V�ˆ�Ì�Þ���«�i�>�Ž�Ã��
on the electricity system that 
�Ü�œ�Õ�•�`���À�i�µ�Õ�ˆ�À�i���•�>�À�}�i���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•��
investments in network and 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�«�>�V�ˆ�Ì�Þ�°���/�…�i�����À�i�i�`�œ�“��
�*�À�œ�•�i�V�Ì���Ã�œ�Õ�}�…�Ì���Ì�œ���`�i�Û�i�•�œ�«��
and test new hybrid control 
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ì�…�>�Ì���V�œ�Õ�•�`���`�i�•�ˆ�Û�i�À��
�•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã���ˆ�˜��
�…�œ�“�i�Ã���Ì�…�>�Ì���Ã�>�Ì�ˆ�Ã�w�i�`���Ì�…�i�Ã�i���V�À�ˆ�Ì�i�À�ˆ�>��
and had the potential to deliver 
the mass market decarbonisation 
�œ�v���`�œ�“�i�Ã�Ì�ˆ�V���…�i�>�Ì�ˆ�˜�}�°

The project developed an 
advanced control platform  
�v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�� 
(see Figure 1)�]���“�>�˜�>�}�ˆ�˜�}���…�i�>�Ì��
�`�i�•�ˆ�Û�i�À�Þ���v�À�œ�“���L�œ�Ì�…���>���}�>�Ã���L�œ�ˆ�•�i�À��
and an air source heat pump 
�­�‚�-���*�®�°���/�…�i���V�œ�˜�Ã�Õ�“�i�À���Ü�>�Ã���>�L�•�i��
to use convenient and intuitive 
�>�«�«�‡�L�>�Ã�i�`���V�œ�˜�Ì�À�œ�•�Ã���Ì�œ���“�>�˜�>�}�i��
�Ì�…�i�ˆ�À���V�œ�“�v�œ�À�Ì���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã�]���Ü�…�ˆ�•�Ã�Ì��
�Ì�…�i���>�}�}�À�i�}�>�Ì�i�`���`�i�“�>�˜�`���v�À�œ�“���Ì�…�i��
�…�i�>�Ì���«�Õ�“�«�Ã���Ü�>�Ã���“�>�˜�>�}�i�`���>�}�>�ˆ�˜�Ã�Ì��
�`�ˆ�v�v�i�À�i�˜�Ì���}�À�ˆ�`���V�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì���Ã�V�i�˜�>�À�ˆ�œ�Ã�°
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Figure 1: The hybrid heating system

Cold water

The project successfully demonstrated that hybrid heating systems were able to 
maintain consumer comfort across a broad range of housing types, ages and sizes, 
with consumers from a range of socio-economic groups (in both private and social 
housing). This was achieved without making any changes to the existing wet heating 
system that was being used for the gas boiler and with no thermal improvements to 
the property. This is in sharp contrast to a pure heat pump solution, which requires a 
�V�J�G�T�O�C�N�N�[���G�H�‚�E�K�G�P�V���D�W�K�N�F�K�P�I���C�P�F���N�C�T�I�G�T���T�C�F�K�C�V�Q�T�U���V�Q���F�G�N�K�X�G�T���T�G�S�W�K�T�G�F���U�G�V���R�Q�K�P�V�U���W�U�K�P�I��
�N�Q�Y�G�T���ƒ�Q�Y���V�G�O�R�G�T�C�V�W�T�G�U���V�J�C�P���C���D�Q�K�N�G�T��

���Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�� 
are viable across all homes 
�œ�˜���>�˜�`���œ�v�v���Ì�…�i���}�>�Ã���}�À�ˆ�`�°

Comfort can be maintained 
�i�Û�i�˜���Ü�…�i�˜���Õ�Ã�ˆ�˜�}���>���Ã�“�>�•�•��
�‚�-���*���Ü�ˆ�Ì�…�œ�Õ�Ì���“�>�Ž�ˆ�˜�}���>�˜�Þ��
�V�…�>�˜�}�i�Ã���Ì�œ���Ì�…�i���i�Ý�Ì�>�˜�Ì��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���>�˜�`�� 
�L�Õ�ˆ�•�`�ˆ�˜�}���ˆ�˜�Ã�Õ�•�>�Ì�ˆ�œ�˜�°��

The systems were operated in 
�>���À�>�˜�}�i���œ�v���`�ˆ�v�v�i�À�i�˜�Ì���v�Õ�i�•���«�À�ˆ�V�i��
�Ã�V�i�˜�>�À�ˆ�œ�Ã�]���ˆ�˜�V�•�Õ�`�ˆ�˜�}���`�ˆ�v�v�i�À�i�˜�Ì��
�À�>�˜�}�i�Ã���œ�v���}�>�Ã���«�À�ˆ�V�ˆ�˜�}���>�˜�`��
�Ü�ˆ�Ì�…���L�œ�Ì�…���w�Ý�i�`���>�˜�`���Û�>�À�ˆ�>�L�•�i��
rate electricity tariffs. When 
�œ�«�Ì�ˆ�“�ˆ�Ã�ˆ�˜�}���v�œ�À���V�œ�˜�Ã�Õ�“�i�À���V�œ�Ã�Ì��
�Ü�ˆ�Ì�…���Ì�œ�`�>�Þ�½�Ã���i�˜�i�À�}�Þ���«�À�ˆ�V�i�Ã�]��
�Ì�…�i���Ã�Þ�Ã�Ì�i�“�Ã���Ã�Ì�À�œ�˜�}�•�Þ���v�>�Û�œ�Õ�À��
�}�>�Ã���L�œ�ˆ�•�i�À���Õ�Ã�>�}�i���`�Õ�i���Ì�œ���Ì�…�i��
�Û�i�À�Þ���•�œ�Ü���V�œ�Ã�Ì���œ�v���}�>�Ã���V�œ�“�«�>�À�i�`��
�Ü�ˆ�Ì�…���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�°�����œ�Ü�i�Û�i�À�]��
�…�œ�“�i�Ã���À�Õ�˜�˜�ˆ�˜�}���œ�˜�����ˆ�µ�Õ�i�w�i�`��
�*�i�Ì�À�œ�•�i�Õ�“�����>�Ã���­���*���®���L�œ�ˆ�•�i�À�Ã��
�>�V�…�ˆ�i�Û�i�`���•�>�À�}�i���V�œ�Ã�Ì���Ã�>�Û�ˆ�˜�}�Ã���L�Þ��
switching around 80% of their 
heating load onto the ASHP.  
�7�…�i�˜���Ì�…�i���}�>�Ã���}�À�ˆ�`���V�œ�˜�˜�i�V�Ì�i�`��
�Ã�Þ�Ã�Ì�i�“�Ã���Ü�i�À�i���}�ˆ�Û�i�˜���>�À�Ì�ˆ�w�V�ˆ�>�•�•�Þ��
�ˆ�˜�y�>�Ì�i�`���}�>�Ã���«�À�ˆ�V�i�Ã���‚�-���*��

�Õ�Ã�>�}�i���ˆ�˜�V�À�i�>�Ã�i�`�]���Ü�ˆ�Ì�…���>�À�œ�Õ�˜�`��
50% heat pump ���Õ�Ã�>�}�i���L�i�ˆ�˜�}��
achieved with a 50% increase 
in gas costs. �����˜���>�•�•���Ã�V�i�˜�>�À�ˆ�œ�Ã�]���Ì�…�i��
�V�œ�˜�Ì�À�œ�•���Ã�Þ�Ã�Ì�i�“���`�i�•�ˆ�Û�i�À�i�`���}�œ�œ�`��
�V�œ�i�v�w�V�ˆ�i�˜�Ì�Ã���œ�v���«�i�À�v�œ�À�“�>�˜�V�i��
�v�À�œ�“���Ì�…�i���…�i�>�Ì���«�Õ�“�«�Ã�]���`�i�Ã�«�ˆ�Ì�i��
�…�i�>�Ì���«�Õ�“�«�Ã���œ�«�i�À�>�Ì�ˆ�˜�}���>�Ì���Ì�ˆ�“�i�Ã��
in temperatures below -6 oC. 
�/�…�i�Ã�i���w�˜�`�ˆ�˜�}�Ã���Ã�…�œ�Ü���Ì�…�>�Ì���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�>�˜���Ã�…�ˆ�v�Ì���>���•�>�À�}�i��
�«�i�À�V�i�˜�Ì�>�}�i���œ�v���…�i�>�Ì���`�i�“�>�˜�`��
to renewable power sources 
�Ü�…�ˆ�•�Ã�Ì���`�i�•�ˆ�Û�i�À�ˆ�˜�}���}�œ�œ�`���Ã�Þ�Ã�Ì�i�“��
�i�v�w�V�ˆ�i�˜�V�Þ���Õ�Ã�ˆ�˜�}���œ�˜�•�Þ���>���Ã�“�>�•�•��
ASHP. Under an appropriate fuel 
�«�À�ˆ�V�ˆ�˜�}���À�i�}�ˆ�“�i�]���Ì�…�i���Ã�Þ�Ã�Ì�i�“���…�>�Ã��
the potential to save consumers 
�“�œ�˜�i�Þ���Ì�…�À�œ�Õ�}�…���Ã�“�>�À�Ì���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}��
of the fuel source.

•  Consumer comfort was always 
�“�>�ˆ�˜�Ì�>�ˆ�˜�i�`���À�i�}�>�À�`�•�i�Ã�Ã���œ�v��
system constraints

�U�� ���"�v�v�‡�}�>�Ã���}�À�ˆ�`���V�œ�˜�Ã�Õ�“�i�À�Ã���“�>�`�i��
�Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���Ã�>�Û�ˆ�˜�}�Ã���œ�˜���Ì�…�i�ˆ�À��
�…�i�>�Ì�ˆ�˜�}���L�ˆ�•�•�Ã

In a scenario in which heat pumps  
deliver 80% of heating demand,  
the switch of demand from the 
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network capacity issues.
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predictive optimisation of 
�À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì�Ã���Ì�œ���i�˜�>�L�•�i���Ì�…�i���…�i�>�Ì��
�«�Õ�“�«���Ì�œ���«�À�i�‡�…�i�>�Ì���Ì�…�i���L�Õ�ˆ�•�`�ˆ�˜�}��
�>�…�i�>�`���œ�v���>�˜���œ�V�V�Õ�«�>�˜�V�Þ���«�i�À�ˆ�œ�`�]��
�Ì�…�i�À�i�L�Þ���Ã�«�À�i�>�`�ˆ�˜�}���Ì�…�i���…�i�>�Ì�ˆ�˜�}��
�•�œ�>�`�]���Ì�ˆ�“�ˆ�˜�}���Ì�…�i���`�i�“�>�˜�`���>�…�i�>�`��
�œ�v���V�Õ�À�À�i�˜�Ì���Ã�Þ�Ã�Ì�i�“���«�i�>�Ž�Ã�]���>�˜�`��
�œ�«�i�À�>�Ì�ˆ�˜�}���Ì�…�i���‚�-���*���>�Ì���>���•�œ�Ü��
�y�œ�Ü���Ì�i�“�«�i�À�>�Ì�Õ�À�i���Ì�œ���œ�«�Ì�ˆ�“�ˆ�Ã�i��
�i�v�w�V�ˆ�i�˜�V�Þ�°���/�…�ˆ�Ã���ˆ�Ã���ˆ�˜���Ã�Ì�>�À�Ž���V�œ�˜�Ì�À�>�Ã�Ì��
with traditional hybrid systems 
that simply switch fuel based on 
�i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i�°�����˜���>�`�`�ˆ�Ì�ˆ�œ�˜�]��
�Ì�…�i���>�}�}�À�i�}�>�Ì�i�`���•�œ�>�`���œ�v���>�•�•���…�œ�“�i�Ã��
was forecast by the half hour for 
�Ì�…�i���V�œ�“�ˆ�˜�}���Ó�{���…�œ�Õ�À���«�i�À�ˆ�œ�`�° 
The demand forecast used 
�Ü�i�>�Ì�…�i�À���v�œ�À�i�V�>�Ã�Ì���`�>�Ì�>�]���•�i�>�À�˜�i�`��
�L�Õ�ˆ�•�`�ˆ�˜�}���Ì�…�i�À�“�>�•���«�À�œ�«�i�À�Ì�ˆ�i�Ã���>�˜�`��
schedules for each home to 
�«�À�i�`�ˆ�V�Ì���Ì�…�i���i�Ý�«�i�V�Ì�i�`���`�i�“�>�˜�`��
shape. This shape was then 
�“�œ�`�ˆ�w�i�`���L�Þ���«�À�œ�Û�ˆ�`�ˆ�˜�}���V�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì��
�ˆ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜�Ã�]���v�œ�À���i�Ý�>�“�«�•�i���Ì�œ���•�ˆ�“�ˆ�Ì��
power demand in each home 
or limit power demand at 
portfolio level.
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�/�…�i���w�i�•�`���Ì�À�ˆ�>�•���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`���Ì�…�>�Ì��
�…�Þ�L�À�ˆ�`�Ã���V�>�˜���«�À�œ�Û�ˆ�`�i���v�Õ�•�•�Þ���y�i�Ý�ˆ�L�•�i��
loads with the ability to: constrain 
peak whole-home demand below 
�Ì�…�i���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���
�•�i�Ý�œ�˜���*�À�œ�w�•�i���
�•�>�Ã�Ã��
�£���«�i�>�Ž���Ü�…�ˆ�•�Ã�Ì���Ã�Ì�ˆ�•�•���`�i�•�ˆ�Û�i�À�ˆ�˜�}���x�ä�¯��
�œ�v���Ì�…�i���…�i�>�Ì���`�i�“�>�˜�`���Ì�…�À�œ�Õ�}�…��
the heat pump; enforce a 
�V�>�«�>�V�ˆ�Ì�Þ���V�>�«���>�V�À�œ�Ã�Ã���>���«�œ�«�Õ�•�>�Ì�ˆ�œ�˜�]��
�ˆ�˜�V�•�Õ�`�ˆ�˜�}���>���V�>�«���œ�v���â�i�À�œ���‚�-���*��
demand; increase ASHP demand 
at times of plentiful low-cost 
�À�i�˜�i�Ü�>�L�•�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�Æ���v�œ�À���Ì�…�i���w�À�Ã�Ì��
time ever live carbon forecasts 
were used so that the ASHP 
�V�œ�Õ�•�`���Ì�À�>�V�Ž���}�À�ˆ�`���V�>�À�L�œ�˜���ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ��
�>�˜�`���>�Û�œ�ˆ�`���Ì�ˆ�“�i�Ã���œ�v���…�ˆ�}�…���V�>�À�L�œ�˜��
�«�i�>�Ž�ˆ�˜�}���«�•�>�˜�Ì���}�i�˜�i�À�>�Ì�ˆ�œ�˜�°��

�6�J�G���‚�G�N�F���F�C�V�C���J�C�U���U�J�Q�Y�P��
that hybrid heating systems 
�E�C�P���R�T�Q�X�K�F�G���H�W�N�N�[���ƒ�G�Z�K�D�N�G��
demand that is able to respond 
dynamically to network, 
price and carbon signals 
and constraints.

  ASHP demand was proved 
�Ì�œ���L�i���v�Õ�•�•�Þ���y�i�Ý�ˆ�L�•�i���>�˜�`���>�L�•�i��
�Ì�œ���À�i�Ã�«�œ�˜�`���Ì�œ���>���L�À�œ�>�`���À�>�˜�}�i��
�œ�v���i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“���V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã

  Demand can be accurately 
predicted and capacity 
constraints can be imposed  
at both home and 
�>�}�}�À�i�}�>�Ì�i�`���•�i�Û�i�•�Ã���>�˜�`��
�V�i�˜�Ì�À�>�•�•�Þ���“�>�˜�>�}�i�`

�/�…�i���i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“���L�i�˜�i�w�Ì�Ã��
�`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`���ˆ�˜���Ì�…�i���w�i�•�`���Ì�À�ˆ�>�•��
were modelled at a whole system 
�•�i�Û�i�•���L�Þ�����“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i�° 
�/�…�i�ˆ�À���“�œ�`�i�•�•�ˆ�˜�}���ˆ�`�i�˜�Ì�ˆ�w�i�` 
�i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“���V�œ�Ã�Ì���Ã�>�Û�ˆ�˜�}�Ã���v�œ�À��
�Ì�…�i���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
system case over the pure ASHP 
�V�>�Ã�i���œ�v���Ë�™�°�Î���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���£�ä�ä�}��
CO2/kWh case and £7.4 bn/year 
�ˆ�˜���Ì�…�i���Ó�x�}���
�"2/kWh case (where 
there was limited value from other 
�v�œ�À�“�Ã���œ�v���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ�®�°���/�…�i���“�>�•�œ�À�ˆ�Ì�Þ���œ�v��
�Ì�…�i�Ã�i���Ã�>�Û�ˆ�˜�}�Ã���V�œ�“�i���v�À�œ�“���>�Û�œ�ˆ�`�i�`��
�ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì���ˆ�˜���˜�i�Ü���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
capacity (primarily wind and 
�˜�Õ�V�•�i�>�À�®���>�˜�`���>�Û�œ�ˆ�`�i�`���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì��
in electricity distribution network 
�V�>�«�>�V�ˆ�Ì�Þ�°���/�…�i���L�i�˜�i�w�Ì�Ã���œ�v���i�˜�>�L�•�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“���L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���v�À�œ�“��

�À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems are an additional 
�Ë�ä�°�™���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���£�ä�ä�}���V�>�Ã�i��
�ˆ�˜�V�À�i�>�Ã�ˆ�˜�}���Ì�œ���Ë�£�Î���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i��
�Ó�x�}���V�>�Ã�i�°���/�…�i���Û�>�•�Õ�i���œ�v���`�ˆ�v�v�i�À�i�˜�Ì��
�Ã�“�>�À�Ì���«�À�i�‡�…�i�>�Ì�ˆ�˜�}���Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã���Ü�>�Ã��
�>�•�Ã�œ���>�Ã�Ã�i�Ã�Ã�i�`�]���Ü�ˆ�Ì�…���Ì�…�i���“�œ�`�i�•��
�«�À�i�`�ˆ�V�Ì�ˆ�˜�}���ˆ�˜�V�À�i�>�Ã�i�Ã���v�À�œ�“���Ë�Ó�°�n 
�q���Ë�Î�°�Ç���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���£�ä�ä�}���V�>�Ã�i�Ã��
to £10.3 – £13.5 bn/year in the 
�Ó�x�}���V�>�Ã�i�Ã�°���+�P���C���N�Q�Y���ƒ�G�Z�K�D�N�G��
system, the system value of 
PassivSystems smart controlled 
hybrid heating combined 
�Y�K�V�J���ƒ�G�Z�K�D�K�N�K�V�[���C�P�F���D�C�N�C�P�E�K�P�I��
services is £5.3 bn/year in  
the 100g case, increasing to  
£15.2 bn/year in the 25g case.

�/�…�i���“�œ�`�i�•�•�ˆ�˜�}���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�Ã���Ì�…�>�Ì��
hybrid heating systems can 
deliver a no-regrets transition 
to low carbon heat at a lower 
cost than the equivalent full 
�G�N�G�E�V�T�K�‚�E�C�V�K�Q�P���U�E�G�P�C�T�K�Q�����+�P�F�G�G�F����
the carbon outcome improves 
with hybridisation, ���>�Ã���`�Õ�À�ˆ�˜�}��
cold weather and periods of low 
�À�i�˜�i�Ü�>�L�•�i���«�œ�Ü�i�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜���}�>�Ã��
�ˆ�Ã���L�Õ�À�˜�i�`���>�Ì���…�ˆ�}�…�i�À���i�v�w�V�ˆ�i�˜�V�Þ���ˆ�˜��
domestic boilers than if it were 
�L�Õ�À�˜�i�`���ˆ�˜���«�i�>�Ž�ˆ�˜�}���}�>�Ã���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
plant with the associated network 
�•�œ�Ã�Ã�i�Ã���`�Õ�À�ˆ�˜�}���Ì�À�>�˜�Ã�“�ˆ�Ã�Ã�ˆ�œ�˜���Ì�œ�� 
the home. 

�‚�Ã���Ì�…�i���}�>�Ã���`�i�“�>�˜�`���œ�˜���Ì�…�i���Ã�Þ�Ã�Ì�i�“��
�ˆ�Ã���À�i�`�Õ�V�i�`���L�Þ���…�Þ�L�À�ˆ�`�ˆ�Ã�>�Ì�ˆ�œ�˜�] 
�Ã�œ���Ì�…�i���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�Þ���v�œ�À���}�À�i�i�˜��
�}�>�Ã���Ì�œ���v�Õ�À�Ì�…�i�À���i�˜�…�>�˜�V�i���V�>�À�L�œ�˜��
outcomes increases. Green gas 
technology combined with 
smart hybrid systems provides 
a long-term solution for low 
carbon heat provision.

�� ���-�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems can save billions 
�ˆ�˜���>�Û�œ�ˆ�`�i�`���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
and electricity network 
capacity reinforcement costs 
when compared to a pure 
�i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜���Ã�V�i�˜�>�À�ˆ�œ�°

   Hybrids can deliver the UK’s 
�•�œ�˜�}�‡�Ì�i�À�“���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜��
�Ì�>�À�}�i�Ì�Ã���v�œ�À���…�i�>�Ì�ˆ�˜�}�°

The outcomes achieved by 
the project demonstrate that 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���ˆ�Ã���>���Û�ˆ�>�L�•�i�]���•�œ�Ü��
�V�œ�Ã�Ì�]���V�œ�˜�Ã�Õ�“�i�À���v�À�ˆ�i�˜�`�•�Þ�]���i�˜�i�À�}�Þ��
�Ã�Þ�Ã�Ì�i�“�‡�Ã�Õ�«�«�œ�À�Ì�ˆ�˜�}���Ã�œ�•�Õ�Ì�ˆ�œ�˜���Ì�œ��
�`�i�V�>�À�L�œ�˜�ˆ�Ã�ˆ�˜�}���1�����`�œ�“�i�Ã�Ì�ˆ�V��
�…�i�>�Ì�ˆ�˜�}�°���/�…�i�Ã�i���w�˜�`�ˆ�˜�}�Ã���•�i�>�`���Ì�œ��
a number of policy implications 
�Ã�…�œ�Õ�•�`���Ì�…�i���1�����}�œ�Û�i�À�˜�“�i�˜�Ì���Ü�ˆ�Ã�…��
�Ì�œ���Ã�i�i���Ì�…�i���i�“�i�À�}�i�˜�V�i���œ�v���>���Û�ˆ�>�L�•�i��
market for these solutions.  
A new energy market design 
is required across multiple 
timescales, ranging from 
capacity markets with a horizon 
of multiple years to balancing 
markets operating very close to 
real-time, in order to recognise 
the full system value of smart 
hybrid heating. �����˜���«�>�À�Ì�ˆ�V�Õ�•�>�À�]���Ì�…�i��
�“�>�À�Ž�i�Ì���Ã�…�œ�Õ�•�`���À�i�V�œ�}�˜�ˆ�Ã�i�����i�“�>�˜�`��
�-�ˆ�`�i���,�i�Ã�«�œ�˜�Ã�i���­���-�,�®���Û�>�•�Õ�i��
delivered over days and weeks 
when weather systems curtail 
�Ü�ˆ�˜�`���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`�����-�,���v�À�œ�“�� 
hybrids can provide a more  
cost-effective solution than the 
�V�Õ�À�À�i�˜�Ì���>�«�«�À�œ�>�V�…���œ�v���L�Õ�ˆ�•�`�ˆ�˜�}��
�Ã�Õ�v�w�V�ˆ�i�˜�Ì���Ì�…�i�À�“�>�•���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
capacity to cover the shortfall.

The limits imposed by market rules regarding the minimum size and the minimum temporal 
availability of participants in energy, balancing and capacity markets need reform to enable 
�F�K�U�V�T�K�D�W�V�G�F���H�Q�T�O�U���Q�H���ƒ�G�Z�K�D�K�N�K�V�[�����U�W�E�J���C�U���J�[�D�T�K�F�U�����C�E�E�G�U�U�K�P�I���X�C�N�W�G���U�V�T�G�C�O�U���K�P���E�G�T�V�C�K�P���O�C�T�M�G�V�U��  
���œ�À�i���`�Þ�˜�>�“�ˆ�V���“�>�À�Ž�i�Ì���«�À�ˆ�V�i���Ã�ˆ�}�˜�>�•�Ã���V�>�˜���«�œ�Ì�i�˜�Ì�ˆ�>�•�•�Þ���ˆ�˜�V�i�˜�Ì�ˆ�Û�ˆ�Ã�i���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���œ�v���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���v�À�œ�“���…�Þ�L�À�ˆ�`�Ã���`�Õ�À�ˆ�˜�}��
periods when it is most needed by the system. �.�Q�E�C�V�K�Q�P���U�R�G�E�K�‚�E���X�C�N�W�G���K�P���P�G�Y���O�C�T�M�G�V���C�T�T�C�P�I�G�O�G�P�V�U�� 
�Ì�…�À�œ�Õ�}�…���Ì�…�i���ˆ�˜�Ì�À�œ�`�Õ�V�Ì�ˆ�œ�˜���œ�v���•�œ�V�>�Ì�ˆ�œ�˜�>�•���“�>�À�}�ˆ�˜�>�•���«�À�ˆ�V�ˆ�˜�}���>�˜�`���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�]���Ü�ˆ�•�•���i�˜�V�œ�Õ�À�>�}�i���`�i�«�•�œ�Þ�“�i�˜�Ì���ˆ�˜���>�À�i�>�Ã��
�Ü�…�i�À�i���Ã�Þ�Ã�Ì�i�“���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���…�>�Ã���}�À�i�>�Ì�i�Ã�Ì���Û�>�•�Õ�i�°��� �i�Ü��mechanisms for remunerating avoided investments in 
low-carbon generation should be established and potentially linked with reforms to the capacity market 
�Ì�œ���•�ˆ�˜�Ž���V�>�«�>�V�ˆ�Ì�Þ���«�À�œ�V�Õ�À�i�“�i�˜�Ì���Ü�ˆ�Ì�…���Ì�…�i���•�œ�Ü���V�>�À�L�œ�˜���>�}�i�˜�`�>�°��Capacity market reform should also create a 
�N�G�X�G�N���R�N�C�[�K�P�I���‚�G�N�F���H�Q�T���&�5�4�����/�…�i���V�Õ�À�À�i�˜�Ì���«�œ�•�ˆ�V�Þ���œ�v���>�`�`�ˆ�˜�}���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜���«�œ�•�ˆ�V�Þ���V�œ�Ã�Ì�Ã���Ì�œ���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���L�ˆ�•�•��
�˜�i�i�`�Ã���Ì�œ���L�i���À�i�V�œ�˜�Ã�ˆ�`�i�À�i�`���Ì�œ���Ã�Ì�œ�«���Ì�…�i���V�Õ�À�À�i�˜�Ì���`�Þ�˜�>�“�ˆ�V���œ�v���…�ˆ�}�…���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���V�œ�Ã�Ì�Ã���>�˜�`���•�œ�Ü���}�>�Ã���V�œ�Ã�Ì�Ã���«�Õ�Ã�…�ˆ�˜�}��
�V�œ�˜�Ã�Õ�“�i�À�Ã���>�Ü�>�Þ���v�À�œ�“���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ì�œ�Ü�>�À�`�Ã���…�ˆ�}�…�i�À���V�>�À�L�œ�˜���}�>�Ã���L�œ�ˆ�•�i�À�Ã�°

Finally, current incentives promote non-smart low carbon heating solutions for both 
�J�[�D�T�K�F�U���C�P�F���J�G�C�V���R�W�O�R�U�����6�J�K�U���R�Q�N�K�E�[���K�I�P�Q�T�G�U���V�J�G���J�W�I�G���D�G�P�G�‚�V�U���V�J�C�V���E�C�P���D�G���C�E�J�K�G�X�G�F��
through integration of optimisation of heating systems with the broader energy 
system, adding to the capacity challenge rather than helping to resolve it.

�U�� ���
�˜�i�À�}�Þ���“�>�À�Ž�i�Ì���À�i�v�œ�À�“���V�>�˜��
create a viable market for 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���>�˜�`��
�V�>�˜���>�`�`�À�i�Ã�Ã���Ì�…�i���V�…�>�•�•�i�˜�}�i�� 
of the additional capital  
cost placed on consumers  
to decarbonise their  
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“

•  Low carbon incentives must 
�À�i�V�œ�}�˜�ˆ�Ã�i���Ì�…�i���Û�>�•�Õ�i���œ�v���Ã�“�>�À�Ì��
controls to avoid unnecessary 
�i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“���V�œ�Ã�Ì�Ã

The implementation of these 
�«�œ�•�ˆ�V�Þ���V�…�>�˜�}�i�Ã���Ü�œ�Õ�•�`���Ã�Ì�ˆ�“�Õ�•�>�Ì�i��
the creation of new consumer 
focused business models that 
�«�>�Ã�Ã���i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“���Û�>�•�Õ�i���Ì�œ��
the consumer that cover the 
�>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���V�œ�Ã�Ì���œ�v���“�œ�Û�ˆ�˜�}���Ì�œ��
�•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���>�Ã�Ã�i�Ì�Ã�°���7�ˆ�Ì�…��
companies such as PassivSystems 
�•�i�>�`�ˆ�˜�}���Ì�…�i���Ü�œ�À�•�`���ˆ�˜���˜�i�Ü���i�˜�i�À�}�Þ��
�“�>�˜�>�}�i�“�i�˜�Ì���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�]��
the UK has an opportunity 
to transform the domestic 
heating market to deliver 

carbon reduction obligations 
whilst creating jobs and export 
opportunities in markets 
targeted by the UK’s Industrial 
Strategy. 

Hybridisation exploits existing 
investments in gas and 
electricity network assets, 
uses proven mass market 
boiler and ASHP technologies, 
and provides a no-regrets 
option in the short term  whilst 
�Ì�…�i���1�������œ�Û�i�À�˜�“�i�˜�Ì�½�Ã���œ�˜�}�œ�ˆ�˜�}��
�ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�ˆ�œ�˜�Ã���ˆ�˜�Ì�œ���œ�Ì�…�i�À�� 
�«�œ�Ì�i�˜�Ì�ˆ�>�•���…�i�>�Ì�ˆ�˜�}���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�� 
are concluded.

•  The Freedom Project has 
�ˆ�`�i�˜�Ì�ˆ�w�i�`���>���Û�ˆ�>�L�•�i���“�>�Ã�Ã��
market solution to heat 
decarbonisation

•  The UK is well positioned to 
�L�i�˜�i�w�Ì���v�À�œ�“���•�œ�L���V�À�i�>�Ì�ˆ�œ�˜���>�˜�`��
�i�Ý�«�œ�À�Ì���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã���L�Þ���L�i�ˆ�˜�}��
an early adopter

The project partners who 
delivered the Freedom Project 
�>�À�i���˜�œ�Ü���«�Õ�À�Ã�Õ�ˆ�˜�}���˜�i�Ü���«�À�œ�•�i�V�Ì�Ã��
�Ì�…�>�Ì���Ã�i�i�Ž���Ì�œ���>�v�w�À�“���>�˜�`���i�Ý�Ì�i�˜�`��
the work done to date. Projects 
�ˆ�˜�V�•�Õ�`�i���i�Ý�Ì�i�˜�Ã�ˆ�œ�˜���œ�v���…�Þ�L�À�ˆ�`��
concepts into non-domestic 
�L�Õ�ˆ�•�`�ˆ�˜�}�Ã�]���i�Ý�«�•�œ�À�ˆ�˜�}���˜�i�Ü�� 
comfort-as-a-service business 
�“�œ�`�i�•�Ã�]���ˆ�˜�Ì�i�}�À�>�Ì�ˆ�˜�}���œ�Ì�…�i�À�� 
�y�i�Ý�ˆ�L�•�i���…�œ�“�i���>�«�«�•�ˆ�>�˜�V�i�Ã�� 
�Ü�ˆ�Ì�…���Ì�…�i���…�Þ�L�À�ˆ�`���i�˜�i�À�}�Þ��
�“�>�˜�>�}�i�“�i�˜�Ì���Ã�Þ�Ã�Ì�i�“���>�˜�`��
�ˆ�`�i�˜�Ì�ˆ�v�Þ�ˆ�˜�}���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã�� 
�v�œ�À���Ì�i�V�…�˜�œ�•�œ�}�Þ���ˆ�˜�˜�œ�Û�>�Ì�ˆ�œ�˜�Ã�� 
to support supply chain  
cost optimisation.
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2.1 Project overview

�‚�Ã���>�˜���ˆ�˜�`�Õ�Ã�Ì�À�Þ���w�À�Ã�Ì�]�����ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜��� �i�Ì�Ü�œ�À�Ž���"�«�i�À�>�Ì�œ�À���­��� �"�®�]���7�i�Ã�Ì�i�À�˜���*�œ�Ü�i�À�����ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���­�7�*���®���>�˜�`�����>�Ã��
���ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜��� �i�Ì�Ü�œ�À�Ž���­����� �®�]���7�>�•�i�Ã���E���7�i�Ã�Ì���1�Ì�ˆ�•�ˆ�Ì�ˆ�i�Ã���v�œ�À�“�i�`���>���«�>�À�Ì�˜�i�À�Ã�…�ˆ�«���>�˜�`���>�V�V�i�Ã�Ã�i�`���Ì�…�i�ˆ�À���À�i�Ã�«�i�V�Ì�ˆ�Û�i��
� �i�Ì�Ü�œ�À�Ž�����˜�˜�œ�Û�>�Ì�ˆ�œ�˜���‚�•�•�œ�Ü�>�˜�V�i�Ã���­� ���‚�®���>�˜�`���ˆ�˜�Û�i�Ã�Ì�i�`���ˆ�˜���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���Ì�œ���`�i�•�ˆ�Û�i�À���Ì�…�i�����À�i�i�`�œ�“���*�À�œ�•�i�V�Ì�°��
�/�œ���Ã�Õ�«�«�œ�À�Ì���Ì�…�i���`�i�•�ˆ�Û�i�À�Þ���œ�v���Ì�…�ˆ�Ã���Ì�Ü�œ�‡�«�…�>�Ã�i�`���«�À�œ�•�i�V�Ì�]���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���>�«�«�œ�ˆ�˜�Ì�i�`���«�À�œ�•�i�V�Ì���«�>�À�Ì�˜�i�À�Ã�Æ�����“�«�i�À�ˆ�>�•��
�
�œ�•�•�i�}�i�]�����i�•�Ì�>�‡�i�i���>�˜�`���
�ˆ�Ì�Þ���1�˜�ˆ�Û�i�À�Ã�ˆ�Ì�Þ���­�Ã�i�i Figure 2�®�°

Electricity distribution  
system operator

�*�À�œ�•�i�V�Ì���“�>�˜�>�}�i�“�i�˜�Ì�]�� 
control development  

�>�˜�`���>�}�}�À�i�}�>�Ì�ˆ�œ�˜

Consumer trust and 
�Ì�i�V�…�˜�œ�•�œ�}�Þ���>�`�œ�«�Ì�ˆ�œ�˜��

�Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã

���>�Ì�>���>�˜�>�•�Þ�Ã�ˆ�Ã�]�� 
network impact 

�“�œ�`�i�•�•�ˆ�˜�}���>�˜�`���«�œ�•�ˆ�V�Þ��
recommendations

�/�i�V�…�˜�œ�•�œ�}�Þ���>�˜�>�•�Þ�Ã�ˆ�Ã�]��
�“�>�À�Ž�i�Ì���>�˜�>�•�Þ�Ã�ˆ�Ã�]���V�Õ�Ã�Ì�œ�“�i�À��
�i�˜�}�>�}�i�“�i�˜�Ì���>�˜�>�•�Þ�Ã�ˆ�Ã���>�˜�`��

policy implications

Figure 2: The project partners

The Freedom Project has investigated the network, consumer and broader energy 
system implications of high volume deployments of hybrid heating systems.  
The technology, which combines a conventional gas boiler and an air source heat 
pump (ASHP) with PassivSystems optimised smart controls, can be used as fully 
�ƒ�G�Z�K�D�N�G���N�Q�C�F�U���E�C�R�C�D�N�G���Q�H���R�T�Q�X�K�F�K�P�I���U�K�I�P�K�‚�E�C�P�V���G�P�G�T�I�[���U�[�U�V�G�O���X�C�N�W�G����

2 .  I N T R O D U C T I O N

Gas distribution  
system operator

Freedom �(�N�G�Z�K�D�N�G���4�G�U�K�F�G�P�V�K�C�N���'�P�G�T�I�[���'�H�‚�E�K�G�P�E�[���� 
Demand Optimisation & Management

     Phase 1
Phase 1 of the project 
produced forensic models from 
which hypotheses of system 
�«�i�À�v�œ�À�“�>�˜�V�i�]���`�i�Ì�>�ˆ�•�i�`���“�>�À�Ž�i�Ì��
assessments and consumer 
research were derived. 

���˜���>�`�`�ˆ�Ì�ˆ�œ�˜�]���ˆ�Ì���`�i�•�ˆ�Û�i�À�i�`���>�� 
four-home pilot installation  
�Ì�œ���>�Ã�Ã�i�Ã�Ã���Ì�…�i���Ã�i�•�i�V�Ì�i�`���…�>�À�`�Ü�>�À�i�]��
installation contractors and 
�«�À�œ�•�i�V�Ì���V�Õ�Ã�Ì�œ�“�i�À���i�˜�}�>�}�i�“�i�˜�Ì�°��

     Phase 2
Phase 2 ran over the 2017-2018 
�…�i�>�Ì�ˆ�˜�}���Ã�i�>�Ã�œ�˜���>�˜�`���Õ�Ì�ˆ�•�ˆ�Ã�i�`���Ç�x��
trial homes installed with hybrid 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���ˆ�˜���>���“�ˆ�Ý�Ì�Õ�À�i���œ�v��
�«�À�ˆ�Û�>�Ì�i���­�ˆ�˜�V�•�Õ�`�ˆ�˜�}���œ�v�v�‡�}�>�Ã���}�À�ˆ�`�®�� 
�>�˜�`���Ã�œ�V�ˆ�>�•���…�œ�Õ�Ã�ˆ�˜�}���­�Ã�i�i��Figure 3�®�°��
The performance was measured 
under a number of different 
�œ�«�i�À�>�Ì�ˆ�˜�}���Ã�V�i�˜�>�À�ˆ�œ�Ã�°��

�/�…�i���}�>�Ã���L�œ�ˆ�•�i�À���Ü�>�Ã���}�i�˜�i�À�>�•�•�Þ���>��
�˜�i�Ü���…�ˆ�}�…�•�Þ���i�v�w�V�ˆ�i�˜�Ì���V�œ�“�L�ˆ�˜�>�Ì�ˆ�œ�˜��
�L�œ�ˆ�•�i�À���­�«�À�œ�Û�ˆ�`�ˆ�˜�}���ˆ�˜�Ã�Ì�>�˜�Ì�>�˜�i�œ�Õ�Ã��
�…�œ�Ì���Ü�>�Ì�i�À�®�]���L�Õ�Ì���Ì�…�i���Ì�À�ˆ�>�•���>�•�Ã�œ��
encompassed three system 
boilers with a hot water tank 
�V�œ�˜�w�}�Õ�À�>�Ì�ˆ�œ�˜�]���>�˜�`���>���…�i�>�Ì���«�Õ�“�«��
�À�i�Ì�À�œ�w�Ì�Ì�i�`���Ì�œ���>�˜���i�Ý�ˆ�Ã�Ì�ˆ�˜�} 
�L�œ�ˆ�•�i�À���V�œ�˜�w�}�Õ�À�>�Ì�ˆ�œ�˜�°��

Figure 3: The Freedom Project property mix

�/�…�i���«�À�œ�•�i�V�Ì���«�>�À�Ì�˜�i�À�Ã���>�À�i���>�•�•���i�Ý�«�i�À�Ì�Ã���ˆ�˜���Ì�…�i�ˆ�À���w�i�•�`�Ã���>�˜�`���Ì�…�i���«�À�œ�•�i�V�Ì���Õ�Ì�ˆ�•�ˆ�Ã�i�Ã���Ì�…�i���“�>�À�Ž�i�Ì�‡�•�i�>�`�ˆ�˜�}���V�œ�˜�Ì�À�œ�•�Ã��
�Ì�i�V�…�˜�œ�•�œ�}�Þ���`�i�Û�i�•�œ�«�i�`���L�Þ���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�°���/�…�i���«�À�œ�•�i�V�Ì���…�>�Ã���«�À�œ�Û�ˆ�`�i�`�]���v�œ�À���L�œ�Ì�…���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž��
�œ�«�i�À�>�Ì�œ�À�Ã�]���“�i�>�˜�ˆ�˜�}�v�Õ�•���ˆ�˜�Ã�ˆ�}�…�Ì�Ã���ˆ�˜�Ì�œ���Ì�…�i���v�Õ�Ì�Õ�À�i���i�Û�œ�•�Õ�Ì�ˆ�œ�˜���œ�v���Ì�…�i���`�œ�“�i�Ã�Ì�ˆ�V���…�i�>�Ì���Ã�i�V�Ì�œ�À�]���Ì�…�i���ˆ�“�«�>�V�Ì���œ�˜ 
�˜�i�Ì�Ü�œ�À�Ž�Ã���ˆ�˜���Ì�…�i���Ã�…�œ�À�Ì���>�˜�`���•�œ�˜�}���Ì�i�À�“���>�˜�`���Ã�Ì�i�«�Ã���Ì�…�>�Ì���V�>�˜���L�i���Ì�>�Ž�i�˜���Ì�œ���L�i�Ã�Ì���“�>�˜�>�}�i���v�Õ�Ì�Õ�À�i���˜�i�Ì�Ü�œ�À�Ž���À�ˆ�Ã�Ž�Ã 
�>�˜�`���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã���>�À�ˆ�Ã�ˆ�˜�}���v�À�œ�“���>���«�À�œ�•�ˆ�v�i�À�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i���…�Þ�L�À�ˆ�`�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v���…�i�>�Ì�°��

���œ�À���Ì�…�i���w�À�Ã�Ì���Ì�ˆ�“�i�]���Ì�…�ˆ�Ã��� ���‚�‡�v�Õ�˜�`�i�`���«�À�œ�•�i�V�Ì���…�>�Ã���L�À�œ�Õ�}�…�Ì���Ì�œ�}�i�Ì�…�i�À���}�>�Ã���>�˜�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���ˆ�˜���Ì�…�i��
�w�i�•�`���Ì�À�ˆ�>�•���À�i�}�ˆ�œ�˜���>�˜�`���…�>�Ã���«�À�œ�Û�ˆ�`�i�`���L�œ�Ì�…���«�>�À�Ì�ˆ�i�Ã���Ü�ˆ�Ì�…���À�œ�L�Õ�Ã�Ì�]���w�i�•�`�‡�Ì�i�Ã�Ì�i�`���`�>�Ì�>���Ü�…�ˆ�V�…���…�>�Ã���“�>�`�i���>���“�i�>�˜�ˆ�˜�}�v�Õ�•��
�V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���Ì�œ���Ì�…�i�ˆ�À���•�œ�˜�}�‡�Ì�i�À�“���˜�i�Ì�Ü�œ�À�Ž���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì���«�•�>�˜�˜�ˆ�˜�}�°���/�…�i���V�À�œ�Ã�Ã�‡�Ã�i�V�Ì�œ�À���Ã�V�œ�«�i���“�>�Ž�i�Ã���Ì�…�ˆ�Ã���>���Õ�˜�ˆ�µ�Õ�i��
�«�À�œ�•�i�V�Ì���Ü�…�ˆ�V�…���…�>�Ã���Ã�i�Ì���Ì�…�i���L�i�˜�V�…�“�>�À�Ž���v�œ�À���…�œ�•�ˆ�Ã�Ì�ˆ�V���¼�Ü�…�œ�•�i�‡�Ã�Þ�Ã�Ì�i�“�½���«�À�œ�•�i�V�Ì�Ã�]���>�Ã���>�À�Ì�ˆ�V�Õ�•�>�Ì�i�`���ˆ�˜���
�˜�i�À�}�Þ���1���½�Ã��
�*�>�Ì�…�Ü�>�Þ�Ã���v�œ�À���Ì�…�i�����	���
�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���-�i�V�Ì�œ�À���Ì�œ���Ó�ä�Î�ä���­���i�L�À�Õ�>�À�Þ���Ó�ä�£�È�®1.

Property Type Mix

Bedroom Types Private and Social Occupancy Mix

Recently Built
(post-1990s)

                                             Semi-
detached

Detached End-
terrace

Mid-
terrace

Flat Bungalow

1 2 3 4 5 6+

1950s-1990s 1900-1950s Pre-1900s

Property Age Mix

25

40

35

30

25

20

15

10

5

0

20

15

10

5

0

35

30

25

20

15

10

5

0

13

5

22
19

9

30 30

13

2

1 0

8

4

23

37

9

Private 47%

Social 53%

1  Energy UK’s Pathways for the GB Electricity Sector to 2030 (February 2016):  

�Y�Y�Y���G�P�G�T�I�[���W�M���Q�T�I���W�M���R�W�D�N�K�E�C�V�K�Q�P���J�V�O�N�!�V�C�U�M���‚�N�G���F�Q�Y�P�N�Q�C�F���K�F����������

2.  Introduction
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2.2 Project objectives

Use the ability of the hybrid heating system 
and PassivSystems smart controls to switch 
between gas and electric load to provide 
�H�W�G�N���C�T�D�K�V�T�C�I�G���C�P�F���J�K�I�J�N�[���ƒ�G�Z�K�D�N�G���F�G�O�C�P�F��
response services.

Demonstrate the consumer, network, carbon 
�C�P�F���G�P�G�T�I�[���U�[�U�V�G�O���D�G�P�G�‚�V�U���Q�H���N�C�T�I�G���U�E�C�N�G��
deployment of hybrid heating systems with 
aggregated demand response controls.

Gain insights into the means of balancing  
the interests of the consumer, supplier,  
and network operators when seeking to 
�F�G�T�K�X�G���X�C�N�W�G���H�T�Q�O���V�J�G���F�G�O�C�P�F���ƒ�G�Z�K�D�K�N�K�V�[��

Address all elements of the  
energy trilemma �
�U�G�G���(�K�I�W�T�G������:

Comfort

CarbonCost

Figure 4: The energy trilemma 

2 .  I N T R O D U C T I O N

1

2

3

4

�6�J�G���R�T�Q�L�G�E�V���J�C�U���C�F�F�T�G�U�U�G�F���C�N�N���C�U�R�G�E�V�U���Q�H���V�J�G���G�P�G�T�I�[���V�T�K�N�G�O�O�C�����Y�K�V�J���C���U�R�G�E�K�‚�E�� 
focus on heat and the potential for hybrid heating systems to be transformational 
in delivering solutions that will shape future energy market dynamics. As a result 
of the Freedom Project, smart hybrid heating systems have demonstrated that 
they are the enabling technology in the BEIS long-term strategic heat pathways, 
�R�T�Q�X�K�F�K�P�I���V�J�G���Q�R�R�Q�T�V�W�P�K�V�[���H�Q�T���R�C�T�V�K�C�N���G�N�G�E�V�T�K�‚�E�C�V�K�Q�P���E�Q�O�D�K�P�G�F���Y�K�V�J���F�G�E�C�T�D�Q�P�K�U�G�F�� 
gas in hybrid heating systems, as well as identifying the opportunity for hybrid  
heat networks.

�/�…�i���w�˜�`�ˆ�˜�}�Ã���œ�v���Ì�…�i���«�À�œ�•�i�V�Ì���Ü�ˆ�•�•���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ì�œ���Ì�…�i���V�…�>�•�•�i�˜�}�i���œ�v���À�i�`�Õ�V�ˆ�˜�}���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã���>�Ì���Ì�…�i���•�œ�Ü�i�Ã�Ì���V�œ�Ã�Ì��
�ˆ�“�«�>�V�Ì���v�œ�À���`�œ�“�i�Ã�Ì�ˆ�V���V�œ�˜�Ã�Õ�“�i�À�Ã���L�Þ���`�i�•�ˆ�Û�i�À�ˆ�˜�}���ˆ�˜�V�À�i�>�Ã�i�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���i�v�w�V�ˆ�i�˜�V�ˆ�i�Ã�]���>�˜�`���>���À�i�`�Õ�V�i�`���Õ�˜�ˆ�Ì���V�œ�Ã�Ì��
�v�À�œ�“���Ì�…�i���i�˜�i�À�}�Þ���Ã�Õ�«�«�•�ˆ�i�À���v�œ�À���i�˜�i�À�}�Þ���V�œ�˜�Ã�Õ�“�i�`���L�Þ���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�°

�/�…�i���«�À�œ�•�i�V�Ì���…�>�Ã���V�œ�“�«�•�i�Ì�i�`���>���V�œ�“�«�À�i�…�i�˜�Ã�ˆ�Û�i���À�>�˜�}�i���œ�v���`�i�“�>�˜�`���À�i�Ã�«�œ�˜�Ã�i���i�Û�i�˜�Ì�Ã���Ì�œ���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i���Ì�…�i���>�L�ˆ�•�ˆ�Ì�Þ��
�Ì�œ���`�i�•�ˆ�Û�i�À���i�•�i�V�Ì�À�ˆ�w�i�`���…�i�>�Ì���Ü�…�ˆ�•�i���«�À�œ�Ì�i�V�Ì�ˆ�˜�}���i�˜�i�À�}�Þ���˜�i�Ì�Ü�œ�À�Ž���Ã�i�V�Õ�À�ˆ�Ì�Þ���>�˜�`���œ�«�Ì�ˆ�“�ˆ�Ã�i���v�Õ�i�•���Û�i�V�Ì�œ�À�Ã���œ�˜���V�>�À�L�œ�˜��
�ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ�°���‚�•�}�œ�À�ˆ�Ì�…�“�Ã���…�>�Û�i���i�Û�œ�•�Û�i�`���>�˜�`���L�i�i�˜���À�i�w�˜�i�`���L�>�Ã�i�`���œ�˜���>�V�Ì�Õ�>�•���w�i�•�`���>�˜�`���“�>�À�Ž�i�Ì���`�>�Ì�>���œ�Û�i�À���Ì�…�i��
duration of 2017-2018 winter season.

�(�K�I�W�T�G���������$�'�+�5���N�Q�P�I���V�G�T�O���U�V�T�C�V�G�I�K�E���J�G�C�V���R�C�V�J�Y�C�[�U���
�&�G�E�G�O�D�G�T������������
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3.  Freedom hybrid 
heating systems 
�‚�G�N�F���V�T�K�C�N���T�G�U�W�N�V�U��
analysis 

3 .  F R E E D O M  H Y B R I D  H E AT I N G  S Y S T E M S  F I E L D  T R I A L  R E S U LT S  A N A LY S I S

�2�C�U�U�K�X�5�[�U�V�G�O�U�	���‚�P�F�K�P�I�U���H�T�Q�O���V�J�G���O�C�K�P���‚�G�N�F���V�T�K�C�N���Q�H���V�J�G���(�T�G�G�F�Q�O���2�T�Q�L�G�E�V�� 
(winter 2017-2018) are described in this section and the technical analysis  
�F�K�T�G�E�V�N�[���F�G�T�K�X�G�F���H�T�Q�O���‚�G�N�F���V�T�K�C�N���F�C�V�C��

�/�…�i���œ�À�ˆ�}�ˆ�˜�>�•���>�ˆ�“�Ã���œ�v���Ì�…�i���«�À�œ�•�i�V�Ì�]���Ü�…�ˆ�V�…���Ü�i�À�i���Ã�i�Ì���œ�Õ�Ì���v�œ�À���Ì�…�i���w�i�•�`���Ì�À�ˆ�>�•�]���Ì�…�i���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã��
�>�˜�`���Ì�…�i���ˆ�˜�Ì�i�À�Û�i�˜�Ì�ˆ�œ�˜�Ã���>�À�i���«�À�œ�Û�ˆ�`�i�`���L�i�•�œ�Ü�°���/�…�i���À�i�Ã�Õ�•�Ì�Ã���v�À�œ�“���Ì�…�i���w�i�•�`���Ì�À�ˆ�>�•���v�œ�À���i�>�V�…���Ì�Þ�«�i���œ�v��
�ˆ�˜�Ì�i�À�Û�i�˜�Ì�ˆ�œ�˜���Ì�…�>�Ì���Ü�>�Ã���V�>�À�À�ˆ�i�`���œ�Õ�Ì�]���ˆ�˜�V�•�Õ�`�ˆ�˜�}���L�>�Ã�i�•�ˆ�˜�i���«�i�À�v�œ�À�“�>�˜�V�i���>�Ì���`�ˆ�v�v�i�À�i�˜�Ì���v�Õ�i�•���«�À�ˆ�V�i��
�À�>�Ì�ˆ�œ�Ã�]���`�i�“�>�˜�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���v�À�œ�“���Ì�>�À�ˆ�v�v���Ã�ˆ�}�˜�>�•�Ã�]���`�i�“�>�˜�`���V�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì�Ã���>�˜�`���>�}�}�À�i�}�>�Ì�i���`�i�“�>�˜�`��
�“�>�˜�>�}�i�“�i�˜�Ì�]���>�À�i���>�•�Ã�œ���«�À�i�Ã�i�˜�Ì�i�`���L�i�•�œ�Ü�° 

3.1  Introduction

�U�� �Ç�x���…�œ�“�i�Ã���Ü�ˆ�Ì�…���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���`�i�«�•�œ�Þ�i�` (see Figure 6)

�U�� ���/�…�À�i�i���…�i�>�Ì���«�Õ�“�«���“�>�˜�Õ�v�>�V�Ì�Õ�À�i�À�Ã���Õ�Ã�i�`���­���>�Ã�Ì�i�À�/�…�i�À�“�]���-�>�“�Ã�Õ�˜�}���>�˜�`�����>�ˆ�Ž�ˆ�˜�®�]���Ã�ˆ�â�i�`���>�Ã���Ã�“�>�•�• 
�>�Ã���«�œ�Ã�Ã�ˆ�L�•�i���­�x�Ž�7�]���i�Ý�V�i�«�Ì�����>�Ã�Ì�i�À�/�…�i�À�“���Õ�˜�ˆ�Ì�Ã���>�Ì���n�Ž�7�®

�U�� ���‚�•�“�œ�Ã�Ì���>�•�•���œ�v���Ì�…�i���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���ˆ�˜�Û�œ�•�Û�i�`���w�Ì�Ì�ˆ�˜�}���˜�i�Ü���}�>�Ã���V�œ�“�L�ˆ���L�œ�ˆ�•�i�À�Ã���>�˜�`���>�ˆ�À���Ã�œ�Õ�À�V�i���…�i�>�Ì���«�Õ�“�«�Ã�]�� 
�Ü�ˆ�Ì�…���˜�œ���À�>�`�ˆ�>�Ì�œ�À���Õ�«�}�À�>�`�i�Ã���œ�À���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���ˆ�˜�Ã�Õ�•�>�Ì�ˆ�œ�˜���w�Ì�Ì�i�`�°���‚���v�i�Ü���…�œ�Õ�Ã�i�Ã���…�>�`���Ã�•�ˆ�}�…�Ì�•�Þ���`�ˆ�v�v�i�À�i�˜�Ì 
�ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���q���œ�˜�i���Ü�ˆ�Ì�…���>���À�i�Ì�À�œ�w�Ì�Ì�i�`���…�i�>�Ì���«�Õ�“�«���Ì�œ���Ì�…�i�ˆ�À���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���}�>�Ã���L�œ�ˆ�•�i�À���>�˜�`���Ì�…�À�i�i���Ü�ˆ�Ì�…���> 
�Ã�Þ�Ã�Ì�i�“���L�œ�ˆ�•�i�À���­�ˆ�°�i�°���Ü�ˆ�Ì�…���>���…�œ�Ì���Ü�>�Ì�i�À���V�Þ�•�ˆ�˜�`�i�À�®

3.2 Deployment summary

�U�� �����œ�Ü�‡�À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜���Ü�…�œ�•�i�‡�…�œ�“�i���}�>�Ã���>�˜�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���“�i�Ì�i�À�ˆ�˜�}���­�Ü�…�i�À�i���«�œ�Ã�Ã�ˆ�L�•�i�]���œ�˜�•�Þ���>���“�ˆ�˜�œ�À�ˆ�Ì�Þ���œ�v���…�œ�“�i�Ã�®

�U�� �����ˆ�}�…�‡�À�i�Ã�œ�•�Õ�Ì�ˆ�œ�˜���“�i�>�Ã�Õ�À�i�“�i�˜�Ì���œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜���>�˜�`���…�i�>�Ì���«�À�œ�`�Õ�V�Ì�ˆ�œ�˜���œ�v���Ì�…�i���…�i�>�Ì���«�Õ�“�«

�U�� ���*�ˆ�«�i���Ì�i�“�«�i�À�>�Ì�Õ�À�i���Ã�i�˜�Ã�œ�À�Ã���Ì�œ���“�i�>�Ã�Õ�À�i���…�i�>�Ì���`�i�•�ˆ�Û�i�À�Þ���Ì�i�“�«�i�À�>�Ì�Õ�À�i���­�i�°�}�°���À�>�`�ˆ�>�Ì�œ�À�Ã�®

�U�� ���,�œ�œ�“���Ì�i�“�«�i�À�>�Ì�Õ�À�i���Ã�i�˜�Ã�œ�À�Ã���ˆ�˜���“�>�ˆ�˜���•�ˆ�Û�ˆ�˜�}���>�À�i�>���>�˜�`���L�i�`�À�œ�œ�“�]���>�˜�`���L�i�`�À�œ�œ�“���…�Õ�“�ˆ�`�ˆ�Ì�Þ

3.3 Measurement points included

�(�K�I�W�T�G���������5�E�J�G�O�C�V�K�E���F�K�C�I�T�C�O���Q�H���R�J�[�U�K�E�C�N���G�S�W�K�R�O�G�P�V���F�G�R�N�Q�[�G�F���K�P���C���(�T�G�G�F�Q�O���K�P�U�V�C�N�N�C�V�K�Q�P�����0�Q�V�G���V�J�C�V���V�J�G���&�C�K�M�K�P���E�Q�P�‚�I�W�T�C�V�K�Q�P�� 

is different as the boiler and heat pump have a 'series' plumbing arrangement within the integrated unit

Heat pump
outdoor unit

SmartRail 
electricty meter

Sontex heat meter

HVAC relay, 
space heating

Internet

HVAC relay, 
hot water 

(system boilers only)Other circuits

Other gas use
(e.g. cooking)

Loop Gas monitor

Loop Electricity monitor

Distribution board

Gas supply

Electricity supply

Hub/box

Room
thermostat

Hot water tank
(system boilers only)

Diverter valve 
and bypass 

(MasterTherm only)

Radiators/ 
heat delivery 

system

Bedroom 
temperature and 
humidity sensor

Cold in/hot 
water out
(combi 
boilers only)

Pipe sensor string

Gas boiler
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3.4  Control  
�E�Q�P�‚�I�W�T�C�V�K�Q�P

3 .  F R E E D O M  H Y B R I D  H E AT I N G  S Y S T E M S  F I E L D  T R I A L  R E S U LT S  A N A LY S I S

�� ���‚�•�•���Ì�À�ˆ�>�•�•�ˆ�Ã�Ì�Ã���Ü�i�À�i���«�À�œ�Û�ˆ�`�i�`���Ü�ˆ�Ì�…���Ì�…�i���*�>�Ã�Ã�ˆ�Û���ˆ�Û�ˆ�˜�}��smartphone app  
which enables them to choose how warm they want to be and at 
�Ü�…�>�Ì���Ì�ˆ�“�i���œ�v���`�>�Þ���­�…�i�>�Ì�ˆ�˜�}���Ã�V�…�i�`�Õ�•�i�®�Æ���Ì�…�i�Þ���V�>�˜���>�•�Ã�œ���>�`�•�Õ�Ã�Ì���Ã�i�Ì�Ì�ˆ�˜�}�Ã����
live via the app or a physical room thermostat.

  The app also provides feedback  on whether the system is 
�À�Õ�˜�˜�ˆ�˜�}�]���Ü�…�ˆ�V�…���v�Õ�i�•���ˆ�Ã���ˆ�˜���Õ�Ã�i�]���V�œ�˜�Ì�i�Ý�Ì�‡�Ã�i�˜�Ã�ˆ�Ì�ˆ�Û�i���µ�Õ�i�Ã�Ì�ˆ�œ�˜�Ã���>�˜�`��
�>�˜�Ã�Ü�i�À�Ã�]���L�Õ�`�}�i�Ì�ˆ�˜�}���Ì�œ�œ�•�Ã���>�˜�`���}�À�>�«�…�ˆ�V�>�•���i�Ý�«�•�>�˜�>�Ì�ˆ�œ�˜�Ã���œ�v���«�>�Ã�Ì���>�˜�`��
�v�Õ�Ì�Õ�À�i���œ�«�i�À�>�Ì�ˆ�œ�˜���­�•�œ�œ�Ž�ˆ�˜�}���£�Ó���…�œ�Õ�À�Ã���L�>�V�Ž���>�˜�`���£�Ó���…�œ�Õ�À�Ã���>�…�i�>�`�®�°

  The system uses PassivSystems optimised control ���Ã�Ì�À�>�Ì�i�}�Þ�� 
�Ü�…�ˆ�V�…���À�Õ�˜�Ã���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���>�Ì���•�i�>�Ã�Ì���V�œ�Ã�Ì���Ì�œ���Ì�…�i��
�…�œ�Õ�Ã�i�…�œ�•�`�i�À���­�`�i�Ì�i�À�“�ˆ�˜�ˆ�˜�}���v�Õ�i�•���V�…�œ�ˆ�V�i���>�˜�`���Ì�i�“�«�i�À�>�Ì�Õ�À�i���œ�v���…�i�>�Ì��
�«�Õ�“�«���œ�«�i�À�>�Ì�ˆ�œ�˜�®�°���
�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì�Ã���Ü�i�À�i���ˆ�“�«�œ�Ã�i�`���`�Õ�À�ˆ�˜�}���ˆ�˜�Ì�i�À�Û�i�˜�Ì�ˆ�œ�˜�Ã�]��
�L�Õ�Ì���Ì�…�i���Ã�Þ�Ã�Ì�i�“���>�•�Ü�>�Þ�Ã���Ã�œ�Õ�}�…�Ì���Ì�…�i���•�œ�Ü�i�Ã�Ì���V�œ�Ã�Ì���Ã�Ì�À�>�Ì�i�}�Þ���Ì�œ���“�i�i�Ì��
�Ã�«�i�V�ˆ�w�i�`���V�œ�“�v�œ�À�Ì���•�i�Û�i�•�Ã�°

  All homes were controlled  in a manner that assumed  
�Ì�…�i���>�L�Ã�i�˜�V�i���œ�v���,�i�˜�i�Ü�>�L�•�i�����i�>�Ì�����˜�V�i�˜�Ì�ˆ�Û�i���­�,�����®���«�>�Þ�“�i�˜�Ì�Ã�°

3.5  Planned  
interventions

�1�X�G�T���V�J�G���E�Q�W�T�U�G���Q�H���V�J�G���(�T�G�G�F�Q�O���2�T�Q�L�G�E�V���O�C�K�P���‚�G�N�F���V�T�K�C�N�� 
a number of interventions were planned where the 
control strategy of the heat pump was adapted to 
explore various scenarios and meet the research 
objectives of the project:

  Different fuel cost ratios  (i.e. lower electricity price  
�À�i�•�>�Ì�ˆ�Û�i���Ì�œ���}�>�Ã�®���Ì�œ���i�Ý�«�•�œ�À�i���v�Õ�Ì�Õ�À�i���«�À�ˆ�V�i���Ã�V�i�˜�>�À�ˆ�œ�Ã�°

�� �����ˆ�Ý�i�`���«�>�Ì�Ì�i�À�˜�Ã���œ�v���Ì�ˆ�“�i�‡�Û�>�À�Þ�ˆ�˜�} electricity tariffs  and  
�À�i�Ã�Ì�À�ˆ�V�Ì�i�`�‡�V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜���«�i�À�ˆ�œ�`�Ã���>�Ã���>���Ã�ˆ�“�«�•�i���«�À�œ�Ý�Þ���œ�v�� 
�Ì�…�i���Ã�“�>�À�Ì���}�À�ˆ�`�°

  'Impulse' experiments ���Ì�œ���•�œ�œ�Ž���>�Ì���Ì�…�i���i�v�v�i�V�Ì�Ã���œ�v���…�ˆ�}�…�•�Þ��
�Ã�ˆ�“�Õ�•�Ì�>�˜�i�œ�Õ�Ã���v�Õ�i�•���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}���œ�˜���L�œ�Ì�…���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`�� 
�}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�Ã�°

 Forecast ���>�Û�i�À�>�}�i���>�˜�`���“�>�À�}�ˆ�˜�>�•���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�� 
 carbon intensity.

  Aggregated demand management  to simulate  
�>�Û�œ�ˆ�`�ˆ�˜�}���Ì�…�i���V�>�«�>�V�ˆ�Ì�Þ���•�ˆ�“�ˆ�Ì���œ�v���>�˜���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�Õ�L�˜�i�Ì�Ü�œ�À�Ž�°

�6�J�G���R�T�Q�L�G�E�V���V�K�O�G�N�K�P�G���
�C�V���V�J�G���Q�W�V�U�G�V���Q�H���V�J�G���‚�G�N�F���V�T�K�C�N�����K�U���U�J�Q�Y�P���K�P���(�K�I�W�T�G����:

�(�K�I�W�T�G���������1�W�V�N�K�P�G���Q�H���R�N�C�P�P�G�F���K�P�V�G�T�X�G�P�V�K�Q�P�U���V�J�T�Q�W�I�J�Q�W�V���V�J�G���(�T�G�G�F�Q�O���2�T�Q�L�G�E�V���‚�G�N�F���V�T�K�C�N��

3.6 Data analysis

Most of the data analysis is based on data interpolated to half-hourly intervals. 
Aggregate data sets average all of the homes that were available for the period  
in question and not experiencing any faults, so are presented in units similar to  
'kW per home'; the number of homes that contribute will vary with time. Heat 
output data was not straightforward to acquire: there was no heat meter on the 
boiler and the heat pump heat meter can be affected by boiler operation. Heat 
meter data presented in this report was pre-processed to give meaningful results:

•  Heat output for the heat 
pump is the heat meter 
�À�i�>�`�ˆ�˜�}���`�Õ�À�ˆ�˜�}���«�i�À�ˆ�œ�`�Ã���Ü�…�i�˜��
the boiler was known to be off

•  Heat output for the boiler was 
�ˆ�˜�v�i�À�À�i�`���L�Þ���Õ�Ã�ˆ�˜�}���>���¿�Û�ˆ�À�Ì�Õ�>�•��
�…�i�>�Ì���“�i�Ì�i�À�¿���Ì�…�>�Ì���Õ�Ì�ˆ�•�ˆ�Ã�i�Ã���Ì�…�i��
pipe temperature sensors on 
�Ì�…�i���À�>�`�ˆ�>�Ì�œ�À���«�ˆ�«�i�Ã�°���/�…�i���y�œ�Ü��
rate is either measured directly 
�­���>�ˆ�Ž�ˆ�˜�®�]���œ�À���>�Ã�Ã�Õ�“�i�`���Ì�œ���L�i���Ì�…�i��
�Ã�>�“�i���>�Ã���`�Õ�À�ˆ�˜�}���…�i�>�Ì���«�Õ�“�«��

operation (MasterTherm/
�-�>�“�Ã�Õ�˜�}�®�°���
�ˆ�Ì�…�i�À���Ü�>�Þ�]���Ì�…�i��
�L�œ�ˆ�•�i�À���…�i�>�Ì���w�}�Õ�À�i���ˆ�Ã���>�˜��
�>�«�«�À�œ�Ý�ˆ�“�>�Ì�ˆ�œ�˜���L�Õ�Ì���…�>�Ã���L�i�i�˜��
�Û�>�•�ˆ�`�>�Ì�i�`���>�}�>�ˆ�˜�Ã�Ì�����œ�œ�«���}�>�Ã��
meter reads where available 
�œ�À���Ì�…�i�À�i���ˆ�Ã���>���}�œ�œ�`���“�>�Ì�V�…���}�ˆ�Û�i�˜��
�•�ˆ�Ž�i�•�Þ���L�œ�ˆ�•�i�À���i�v�w�V�ˆ�i�˜�V�Þ���œ�v���™�ä�¯

•  �(�Q�T���%�Q�G�H�‚�E�K�G�P�V���Q�H��
Performance �­�
�"�*�®�É�-�i�>�Ã�œ�˜�>�•��
�*�i�À�v�œ�À�“�>�˜�V�i�����>�V�Ì�œ�À���­�-�*���®��
�V�>�•�V�Õ�•�>�Ì�ˆ�œ�˜�Ã�]���`�>�Ì�>���Ü�>�Ã���œ�˜�•�Þ��

included when both electricity 
�>�˜�`���…�i�>�Ì���À�i�>�`�ˆ�˜�}�Ã���Ü�i�À�i��
�>�Û�>�ˆ�•�>�L�•�i���v�œ�À���Ì�…�>�Ì���…�>�•�v���…�œ�Õ�À�]��
�>�˜�`���L�œ�Ì�…���>�L�œ�Û�i���â�i�À�œ�°���/�…�ˆ�Ã��
�“�i�>�˜�Ã���i�Ý�>�“�«�•�i�Ã���v�œ�À���`�i�v�À�œ�Ã�Ì��
cycles when the heat pump 
�Ü�>�Ã�˜�½�Ì���œ�Ì�…�i�À�Ü�ˆ�Ã�i���À�Õ�˜�˜�ˆ�˜�}�� 
may not have been fully 
accounted for.

Baseline (low gas price) - Christmas and New Year Period

High gas price

Baseline (low gas price) 

TIDE tariff

Economy 10 tariff

Economy 7 tariff

Baseline (low gas price)

High gas price

Medium gas price

Baseline (low gas price) 

Real market patterns

Demand constraint periods

High gas price

Baseline (low gas price)

Reserve (weather-dependent)

Aggregate demand management

Medium gas price

Aggregate demand management

Baseline (low gas price)

Reserve (weather-dependent)

Aggregate demand management - Opportunity to refine

Medium gas price

Reserve (weather-dependent)

Oct AprtNov Dec Jan Feb Mar2017 2018

Fuel Price Ratios

10/1/2017

Time-Varying Patterns

1/8/2018

Aggregated Demand Management

2/8/2018

Impulse Experiments

2/1/2018
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The project found that at today’s prices, it is rarely 
cost-effective to operate the heat pump; and even in 
the scenario that gas prices increase by 50%, it is only 
worthwhile for the heat pump to take 40–50% of the 
heat load. 

���œ�À���>�•�•���…�œ�“�i�Ã�]��a 5kW heat 
�R�W�O�R���E�C�R�C�E�K�V�[���Y�C�U���U�W�H�‚�E�K�G�P�V 
to deliver this heat load – and 
�…�>�Û�ˆ�˜�}���>���L�ˆ�}�}�i�À���Õ�˜�ˆ�Ì���V�œ�Õ�•�`��
�V�œ�“�«�À�œ�“�ˆ�Ã�i���i�v�w�V�ˆ�i�˜�V�Þ�° 
The situation was different 
for off-gas-grid homes on much 
more expensive LPG (Calor 
gas), where the heat pump 
could offer the householder 
�U�K�I�P�K�‚�E�C�P�V���T�W�P�P�K�P�I���E�Q�U�V���U�C�X�K�P�I�U��
and took 78% of the heat load. 
���i�À�i���Ì�…�i���v�Õ�i�•���Ã�Ü�ˆ�Ì�V�…���Ì�œ���}�>�Ã��
happened for appliance capacity 
�­�À�>�Ì�…�i�À���Ì�…�>�˜���i�V�œ�˜�œ�“�ˆ�V�®���À�i�>�Ã�œ�˜�Ã�]��
�>�˜�`���>�Õ�Ì�œ�“�>�Ì�i�`���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}���Ì�œ���Ì�…�i��
boiler when the heat pump was 
unable to keep the house warm 
�Ü�>�Ã���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`�]���Ü�ˆ�Ì�…�œ�Õ�Ì���>�˜�Þ��
noticeable thermal comfort on 
the householders. 

The hybrid fuel-switching 
strategy that is most cost-
effective for the typical 
household is continuously 
varying, gentle heat pump 

operation with bursts of gas 
boiler use as required  – very 
different from a conventional 
�…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}���v�Õ�i�•��
�L�>�Ã�i�`���œ�˜���i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i��
�­�>���À�i�•�>�Ì�ˆ�Û�i�•�Þ���«�œ�œ�À���Ã�Ì�À�>�Ì�i�}�Þ�®�°����
Energy consumption patterns 
were hugely diverse between 
homes, but in aggregate the 
�G�N�G�E�V�T�K�E�K�V�[���F�G�O�C�P�F���R�T�Q�‚�N�G���K�U��
�S�W�K�V�G���ƒ�C�V�����Y�K�V�J���U�O�C�N�N���R�G�C�M�U���K�P��
demand occurring at around 
04:30 and 14:00, and minimum 
consumption around 22:00. 
This is a very different shape 
�v�À�œ�“���V�œ�˜�Û�i�˜�Ì�ˆ�œ�˜�>�•���>�Ã�Ã�Õ�“�«�Ì�ˆ�œ�˜�Ã�]��
where peak demand coincides 
with other electrical demand – 
�ˆ�•�•�Õ�Ã�Ì�À�>�Ì�ˆ�˜�}���Ì�…�>�Ì���v�œ�À���>���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`�]��
the best operating pattern for 
�C���J�Q�W�U�G�J�Q�N�F�G�T���C�N�U�Q���D�G�P�G�‚�V�U���V�J�G��
electricity grid. Gas demand 
�«�>�Ì�Ì�i�À�˜�Ã���Û�>�À�ˆ�i�`���“�œ�À�i���Ã�Ì�À�œ�˜�}�•�Þ 
but there was no evidence  
of sudden changes that could 
cause problems for the gas  
distribution network.

�����������(�T�G�G�F�Q�O���‚�G�N�F���V�T�K�C�N���T�G�U�W�N�V�U�� 
�&�C�V�C���C�P�C�N�[�U�K�U���C�P�F���T�G�X�K�G�Y���Q�H���‚�P�F�K�P�I�U
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�/�…�i���Ž�i�Þ���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���œ�v�v�i�À�i�`���L�Þ��
�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�½���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
system is the ability to turn 
off electricity consumption 
�K�O�O�G�F�K�C�V�G�N�[���C�P�F���K�P�F�G�‚�P�K�V�G�N�[�� 
�Ü�ˆ�Ì�…�œ�Õ�Ì���ˆ�“�«�>�V�Ì���œ�˜���…�œ�Õ�Ã�i�…�œ�•�`�i�À�Ã�]��
�>�Ã���…�i�>�Ì�ˆ�˜�}���V�>�˜���L�i���«�À�œ�Û�ˆ�`�i�`��
�L�Þ���Ì�…�i���}�>�Ã���L�œ�ˆ�•�i�À���ˆ�˜�Ã�Ì�i�>�`�°����
�/�…�i���>�L�ˆ�•�ˆ�Ì�Þ���Ì�œ���Ã�Ü�ˆ�Ì�V�…���Ì�œ���}�>�Ã��
simultaneously across the 
portfolio of Freedom homes 
within 1-2 minutes  has 
�L�i�i�˜���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`�]���>�˜�`���˜�œ��
�Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���Ã�Õ�`�`�i�˜���ˆ�“�«�>�V�Ì���œ�v���}�>�Ã��
consumption was observed.  
The potential to use heat pumps 
�v�œ�À���L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã�]���Ã�Õ�V�…���>�Ã��
���ˆ�À�“�����À�i�µ�Õ�i�˜�V�Þ���,�i�Ã�«�œ�˜�Ã�i���­�����,�®�]��
�Ü�>�Ã���ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�i�`���>�˜�`���V�œ�˜�V�•�Õ�`�i�`�� 
that they could be used for  
fast turn-down  (as systems  
could be turned off in less than 
�£�{���Ã�i�V�œ�˜�`�Ã�®�]���L�Õ�Ì���Ì�Õ�À�˜�‡�œ�˜���ˆ�Ã���Ì�œ�œ�� 
slow to be useful.

This �ƒ�G�Z�K�D�K�N�K�V�[���E�C�P���D�G���W�V�K�N�K�U�G�F��
to enable decarbonisation of 
heating without any increase 
in electricity peak demand.   
PassivSystems successfully 
demonstrated its sophisticated 
�>�}�}�À�i�}�>�Ì�i���`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì��
�Ã�Þ�Ã�Ì�i�“���Ì�œ���>�V�…�ˆ�i�Û�i���Ì�…�ˆ�Ã�°���‚���«�À�œ�w�•�i��
�œ�v���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���­�˜�œ�˜�‡�…�i�>�Ì�‡�«�Õ�“�«�®��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���•�œ�>�`���Ü�>�Ã���>�Ã�Ã�Õ�“�i�`�] 
and then the heat pump demand 
�“�>�˜�>�}�i�`���Ã�œ���Ì�…�>�Ì���Ì�…�i���Ì�œ�Ì�>�•���•�œ�>�`��
�­�ˆ�˜���>�}�}�À�i�}�>�Ì�i���>�V�À�œ�Ã�Ã���Ì�…�i���«�œ�À�Ì�v�œ�•�ˆ�œ�®��

�Ü�>�Ã���Ž�i�«�Ì���Ü�ˆ�Ì�…�ˆ�˜���>���Ã�«�i�V�ˆ�w�i�`��
demand cap. So at the time of 
�˜�œ�˜�‡�…�i�>�Ì�‡�«�Õ�“�«���«�i�>�Ž���`�i�“�>�˜�`�]��
�Ì�…�i���…�i�>�Ì���«�Õ�“�«�Ã���>�À�i���•�>�À�}�i�•�Þ���œ�v�v 

– and at other times they are 
�Õ�Ã�ˆ�˜�}���Ì�…�i��“spare” electricity 
grid capacity  to decarbonise 
�…�i�>�Ì�ˆ�˜�}���ˆ�v���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�ˆ�Ã���«�i�À�v�œ�À�“�ˆ�˜�}���Ü�i�•�•�°�����œ�Õ�Ã�i�…�œ�•�`�i�À�Ã��
are not impacted as comfort 
�•�i�Û�i�•�Ã���>�À�i���“�>�ˆ�˜�Ì�>�ˆ�˜�i�`���L�Þ���Ì�…�i���}�>�Ã��
�L�œ�ˆ�•�i�À�]���>�˜�`���…�i�>�Ì���«�Õ�“�«���i�v�w�V�ˆ�i�˜�V�Þ��
�­�
�"�*�®���ˆ�Ã���˜�œ�Ì���V�œ�“�«�À�œ�“�ˆ�Ã�i�` 
�­�L�Õ�Ì���ˆ�˜���v�>�V�Ì���Ã�•�ˆ�}�…�Ì�•�Þ���ˆ�“�«�À�œ�Û�i�`�® 
�L�Þ���Ì�…�i���`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì�°

���œ�À���>���…�i�>�Ì�ˆ�˜�}���V�œ�˜�Ì�À�œ�•���Ì�i�V�…�˜�œ�•�œ�}�Þ��
�Ì�œ���Ã�Õ�V�V�i�i�`�]��it is crucial that 
householders get the thermal 
comfort they need and 
�«�i�À�V�i�ˆ�Û�i���Ì�…�>�Ì���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã��
�>�À�i���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì�‡�i�v�v�i�V�Ì�ˆ�Û�i�•�Þ�°����
Freedom trial homes were 
successfully maintained at the 
�E�Q�O�H�Q�T�V���N�G�X�G�N�U���U�R�G�E�K�‚�G�F���D�[���V�J�G��
occupants for the vast majority 
�œ�v���Ì�…�i���Ì�ˆ�“�i�°���-�ˆ�}�˜�ˆ�w�V�>�˜�Ì���«�À�œ�•�i�V�Ì��
�i�v�v�œ�À�Ì���Ü�i�˜�Ì���ˆ�˜�Ì�œ���`�i�Û�i�•�œ�«�ˆ�˜�}���>�«�«��
�v�i�>�Ì�Õ�À�i�Ã���Ì�>�À�}�i�Ì�Ì�i�`���>�Ì���L�Õ�ˆ�•�`�ˆ�˜�}��
�Ì�À�Õ�Ã�Ì���>�˜�`���Õ�˜�`�i�À�Ã�Ì�>�˜�`�ˆ�˜�}�] 
and most users responded 
positively to app-based control. 
Some triallists struggled with 
the transition from very direct 
�V�œ�˜�Ì�À�œ�•���œ�v���Ì�…�i�ˆ�À���…�i�>�Ì�ˆ�˜�}���­�Ì�Õ�À�˜�ˆ�˜�}��
�>���L�œ�ˆ�•�i�À���œ�˜���>�˜�`���œ�v�v�®���Ì�œ���ˆ�˜�`�ˆ�À�i�V�Ì��
�V�œ�˜�Ì�À�œ�•���Ü�…�i�À�i���Ì�…�i�Þ���Ã�«�i�V�ˆ�w�i�`��
desired comfort levels – even 

�Ì�…�œ�Õ�}�…���Ì�…�i���•�>�Ì�Ì�i�À���Ã�…�œ�Õ�•�`���ˆ�˜��
principle lead to better outcomes 
�v�œ�À���Ì�…�i�“���­�V�œ�Ã�Ì���Ã�>�Û�ˆ�˜�}�Ã���>�˜�`��
�L�i�Ì�Ì�i�À���V�œ�“�v�œ�À�Ì�®�°�����-�œ�“�i���«�i�œ�«�•�i��
perceived that the system was 
�Ü�>�Ã�Ì�ˆ�˜�}���i�˜�i�À�}�Þ���L�Þ���À�Õ�˜�˜�ˆ�˜�}���Ü�…�i�˜��
�ˆ�Ì���`�ˆ�`�˜�½�Ì���˜�i�i�`���Ì�œ���­�i�°�}�°���œ�Û�i�À�˜�ˆ�}�…�Ì�®�]��
�Ü�…�i�À�i�>�Ã���ˆ�˜���v�>�V�Ì���Ì�…�i���“�œ�Ã�Ì���i�v�w�V�ˆ�i�˜�Ì��
way to run a heat pump is 
�V�œ�˜�Ã�Ì�>�˜�Ì�•�Þ���>�˜�`���}�i�˜�Ì�•�Þ�° 
This challenge is fundamental 
to the transition of households 
to low carbon home heating 
that incorporates a heat pump �]��
and there is an important role to 
play for smart app-based systems 
that can help people understand 
�Ì�…�i���V�…�>�˜�}�i�Ã���>�˜�`���i�>�Ã�ˆ�•�Þ��
accomplish the adjustments to 
comfort levels that they need.

PassivSystems hybrid heating 
technology is ready for 
wide-scale deployment and 
well-placed to contribute to 
decarbonising heating in the 
UK, but only with an increased 
deployment of renewable 
electricity generation 
and if it is combined with 
PassivSystems smart controls 
that can coordinate operation 
so that the inherent energy 
storage in the gas distribution 
network is made available to 
balance the electricity grid.

The project investigated how these energy-demand 
patterns could be changed through a time-varying 
electricity tariff. Operation was optimised to achieve 
comfort levels for minimum running costs under the 
�V�C�T�K�H�H�����V�J�W�U���S�W�C�P�V�K�H�[�K�P�I���V�J�G���ƒ�G�Z�K�D�K�N�K�V�[���Q�H���J�[�D�T�K�F���J�G�C�V�K�P�I��
systems with the needs of the householder prioritised. 
These experiments were highly innovative as live,  
�T�G�C�N���Y�Q�T�N�F���H�Q�T�G�E�C�U�V�U���Y�G�T�G���W�U�G�F���V�Q���K�P�ƒ�W�G�P�E�G���J�G�C�V�K�P�I��
system operation.

�U�� ���*�À�ˆ�V�ˆ�˜�}���Ü�>�Ã���>�•�Ã�œ���>�«�«�•�ˆ�i�`���v�À�œ�“��live day-ahead electricity auction 
prices, ���Ã�ˆ�“�Õ�•�>�Ì�ˆ�˜�}���>���Ã�V�i�˜�>�À�ˆ�œ���Ü�…�i�À�i���Ì�…�i���Õ�Ã�i�À���ˆ�Ã���`�ˆ�À�i�V�Ì�•�Þ���V�…�>�À�}�i�`��
�Ì�ˆ�“�i�‡�Û�>�À�Þ�ˆ�˜�}���“�>�À�Ž�i�Ì���«�À�ˆ�V�i�Ã�°���-�ˆ�“�ˆ�•�>�À���Ì�>�À�ˆ�v�v�Ã���…�>�Û�i���Û�i�À�Þ���À�i�V�i�˜�Ì�•�Þ��
�L�i�V�œ�“�i���>�Û�>�ˆ�•�>�L�•�i���Ì�œ���…�œ�Õ�Ã�i�…�œ�•�`�i�À�Ã���Ü�ˆ�Ì�…���Ã�“�>�À�Ì���“�i�Ì�i�À�Ã�]���>�˜�`���…�>�Û�i 
�Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���Ì�œ���L�i�˜�i�w�Ì���L�œ�Ì�…���Ì�…�i���V�œ�˜�Ã�Õ�“�i�À���>�˜�`���Ì�…�i���}�À�ˆ�`�]���>�Ã��
demand is shifted to times when electricity is cheap and plentiful.

�U�� ���*�À�ˆ�V�ˆ�˜�}���Ü�>�Ã���>�«�«�•�ˆ�i�`���Ì�…�>�Ì���`�ˆ�À�i�V�Ì�•�Þ���À�i�y�i�V�Ì�i�`���>�Û�i�À�>�}�i���V�>�À�L�œ�˜���ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ�]��
�Õ�Ã�ˆ�˜�}��live carbon forecasts �v�À�œ�“���Ì�…�i��� �>�Ì�ˆ�œ�˜�>�•�����À�ˆ�`���v�œ�À���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�]��
�>�˜�`���>�•�Ã�œ���«�À�ˆ�V�ˆ�˜�}���}�>�Ã���L�Þ���V�>�À�L�œ�˜�\���Ã�œ���Ã�Þ�Ã�Ì�i�“���œ�«�i�À�>�Ì�ˆ�œ�˜���ˆ�Ã���œ�«�Ì�ˆ�“�ˆ�Ã�i�`��
�v�œ�À���Ì�œ�Ì�>�•���“�ˆ�˜�ˆ�“�Õ�“���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�°���‚�Ì���Ì�œ�`�>�Þ�½�Ã���>�Û�i�À�>�}�i���V�>�À�L�œ�˜��
�v�>�V�Ì�œ�À�Ã�]���Ì�…�i���…�i�>�Ì���«�Õ�“�«���ˆ�Ã���…�Õ�}�i�•�Þ���«�À�ˆ�œ�À�ˆ�Ì�ˆ�Ã�i�`���œ�Û�i�À���Ì�…�i���L�œ�ˆ�•�i�À�]���L�Õ�Ì���ˆ�˜��
�v�Õ�Ì�Õ�À�i���Ã�V�i�˜�>�À�ˆ�œ�Ã���Ü�…�i�À�i���À�i�˜�i�Ü�>�L�•�i���}�>�Ã���ˆ�Ã���ˆ�˜�Ì�À�œ�`�Õ�V�i�`���Ì�œ���Ì�…�i���}�À�ˆ�`�] 
�Ü�i���Ã�>�Ü���Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ã�Ü�ˆ�Ì�V�…���Ì�œ���}�>�Ã���Ì�œ���À�i�`�Õ�V�i���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�] 
�>�˜�`���>���Ã�ˆ�“�ˆ�•�>�À���Ì�…�ˆ�˜�}���…�>�«�«�i�˜�Ã���ˆ�v���Ì�…�i���Ã�Þ�Ã�Ì�i�“�]���“�œ�À�i���>�V�V�Õ�À�>�Ì�i�•�Þ�]��
considers the 'marginal' carbon intensity  of electricity from 
�y�i�Ý�ˆ�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ã�œ�Õ�À�V�i�Ã���­�V�œ�>�•���œ�À���œ�«�i�˜���V�Þ�V�•�i���}�>�Ã���Ì�Õ�À�L�ˆ�˜�i�Ã�®���Ü�…�i�˜��
�…�i�>�Ì���`�i�“�>�˜�`���V�>�˜�½�Ì���L�i���“�i�Ì���L�Þ���ˆ�˜�Ì�i�À�“�ˆ�Ì�Ì�i�˜�Ì���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜�°
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�
�Õ�À�À�i�˜�Ì���V�œ�˜�Ã�Õ�“�i�À���}�>�Ã���>�˜�`��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�ˆ�V�i�Ã���>�À�i���…�Õ�}�i�•�Þ��
unrepresentative of their 
�À�i�•�>�Ì�ˆ�Û�i���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�]���>�˜�`��
�¿�}�À�i�i�˜���Ì�>�Ý�i�Ã�¿���…�>�Û�i���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ��
�ˆ�˜�V�À�i�>�Ã�i�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�ˆ�V�i�Ã�]��
�…�>�Û�ˆ�˜�}���Ì�…�i���«�i�À�Û�i�À�Ã�i���i�v�v�i�V�Ì���œ�v��
�«�Õ�Ã�…�ˆ�˜�}���V�œ�˜�Ã�Õ�“�i�À�Ã���>�Ü�>�Þ���v�À�œ�“��
�Õ�Ã�ˆ�˜�}���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���}�i�˜�i�À�>�Ì�i�`���v�À�œ�“��
renewable sources for low carbon 
�…�i�>�Ì�ˆ�˜�}�°���/�…�i�À�i���ˆ�Ã���•�ˆ�Ì�Ì�•�i���i�V�œ�˜�œ�“�ˆ�V��
basis for most householders 
�Ì�œ���Ã�Ü�ˆ�Ì�V�…���Ì�œ���>���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“���­�>�•�Ì�…�œ�Õ�}�…���Ì�…�i���,�i�˜�i�Ü�>�L�•�i��
Heat Incentive provides some 
�V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜�®�]���Ü�ˆ�Ì�…���Ì�…�i���i�Ý�V�i�«�Ì�ˆ�œ�˜���œ�v��
�œ�v�v�‡�}�>�Ã�‡�}�À�ˆ�`���…�œ�“�i�Ã���Ü�…�i�À�i���Ì�…�i�À�i���ˆ�Ã���>��
�•�>�À�}�i���>�˜�`���ˆ�“�“�i�`�ˆ�>�Ì�i���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�Þ�°��

�
�Õ�À�À�i�˜�Ì���«�œ�•�ˆ�V�ˆ�i�Ã�]���Ã�Õ�V�…���>�Ã���,�����]��
have no requirement for smart 
�V�œ�˜�Ì�À�œ�•�Ã���v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã��
�­�œ�À�]���ˆ�˜�`�i�i�`�]���v�œ�À���>�˜�Þ���…�i�>�Ì���«�Õ�“�«�Ã�®�°��
�/�…�i�����À�i�i�`�œ�“���*�À�œ�•�i�V�Ì���•�i�>�À�˜�ˆ�˜�}��
�…�>�Ã���Ã�…�œ�Ü�˜���Ì�…�>�Ì���Ì�…�ˆ�Ã���ˆ�Ã���>���Ã�…�œ�À�Ì�v�>�•�•�]��
�>�Ã���ˆ�˜�y�i�Ý�ˆ�L�•�i���i�•�i�V�Ì�À�ˆ�V���…�i�>�Ì�ˆ�˜�}���ˆ�Ã��
�>���À�ˆ�Ã�Ž���Ì�œ���˜�>�Ì�ˆ�œ�˜�>�•���ˆ�˜�v�À�>�Ã�Ì�À�Õ�V�Ì�Õ�À�i�]��
compromises carbon reductions 
�>�˜�`���`�œ�i�Ã���˜�œ�Ì���}�ˆ�Û�i���L�i�Ã�Ì���Û�>�•�Õ�i���Ì�œ��
end consumers (conventional 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���V�œ�˜�Ì�À�œ�•�Ã���>�À�i���µ�Õ�ˆ�Ì�i��
poor and revenue opportunities 
�>�À�i���•�œ�Ã�Ì�®�°�����Ì���ˆ�Ã���i�Ã�Ã�i�˜�Ì�ˆ�>�•���Ì�…�>�Ì���Ì�…�i��
�˜�>�Ì�ˆ�œ�˜�>�•���Ü�…�œ�•�i�‡�i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“��
evolves such that the inherent 
�Ã�Ì�œ�À�>�}�i���>�Û�>�ˆ�•�>�L�•�i���ˆ�˜���Ì�…�i���}�>�Ã��
distribution network can be utilised 
�Ì�œ���L�>�•�>�˜�V�i���Ì�…�i���}�À�ˆ�`�\���Ì�…�ˆ�Ã���ˆ�Ã���i�˜�Ì�ˆ�À�i�•�Þ��
�V�œ�˜�Ì�ˆ�˜�}�i�˜�Ì���œ�˜���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•�Ã���Ì�…�>�Ì��
�i�˜�>�L�•�i���µ�Õ�>�˜�Ì�ˆ�Ì�>�Ì�ˆ�Û�i���>�}�}�À�i�}�>�Ì�i��
�`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì�°

�/�…�i���L�i�˜�i�w�Ì�Ã���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems can only be fully realised 
if smart controls are in place 
to coordinate the needs of 
individual households (affordable 
�V�œ�“�v�œ�À�Ì�®���Ü�ˆ�Ì�…���˜�i�Ì�Ü�œ�À�Ž�‡�•�i�Û�i�•��
requirements (peak demand or 
�V�>�À�L�œ�˜���•�ˆ�“�ˆ�Ì�>�Ì�ˆ�œ�˜�®�°���/�…�i���L�ˆ�}�}�i�Ã�Ì��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�V�>�•���L�>�À�À�ˆ�i�À���ˆ�Ã���Ì�…�>�Ì��
most hybrid-ready heat pumps 
�>�À�i���˜�œ�Ì���À�i�>�`�Þ���v�œ�À���Ã�“�>�À�Ì���`�ˆ�}�ˆ�Ì�>�•��
control: it is recommended that 
manufacturers are required to 
provide open interfaces with an 
appropriate level of third-party 
�V�œ�˜�Ì�À�œ�•�°�����ˆ�Ž�i�Ü�ˆ�Ã�i�]���>�•�Ì�…�œ�Õ�}�…���˜�œ�Ì��
�Ì�i�Ã�Ì�i�`���ˆ�˜���Ì�…�i�����À�i�i�`�œ�“���*�À�œ�•�i�V�Ì�]��
open interfaces for third party 
control of boilers is required to 
�“�>�Ý�ˆ�“�ˆ�Ã�i���	�œ�ˆ�•�i�À���*�•�Õ�Ã���L�i�˜�i�w�Ì�Ã�]���Ã�Õ�V�…��
�>�Ã���•�œ�>�`�‡�V�œ�“�«�i�˜�Ã�>�Ì�ˆ�œ�˜���“�œ�`�Õ�•�>�Ì�ˆ�˜�}��
�V�œ�˜�Ì�À�œ�•���>�˜�`���À�>�˜�}�i�‡�À�>�Ì�ˆ�˜�}���L�œ�ˆ�•�i�À�Ã��
�Ì�œ���Ì�…�i���Ã�«�i�V�ˆ�w�V���Ã�«�>�V�i���…�i�>�Ì�ˆ�˜�}��
�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã���v�œ�À���i�>�V�…���…�œ�“�i�]��
�V�œ�“�L�ˆ�˜�i�`���Ü�ˆ�Ì�…���y�Õ�i���…�i�>�Ì���À�i�V�œ�Û�i�À�Þ��
where appropriate. 

�/�…�i���Ì�À�>�˜�Ã�ˆ�Ì�ˆ�œ�˜���Ì�œ���i�v�w�V�ˆ�i�˜�Ì�]�� 
�•�œ�Ü�‡�V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���Ü�ˆ�Ì�…���…�i�>�Ì��
pumps in a hybrid system 
�À�i�µ�Õ�ˆ�À�i�Ã���>���V�…�>�˜�}�i���ˆ�˜���Ì�…�i���Ü�>�Þ��
�…�œ�“�i�Ã���>�À�i���…�i�>�Ì�i�`�]���>�˜�`���v�œ�À���Ì�…�ˆ�Ã��
to be successful any approach 
needs to be consumer-focussed. 
More work is needed on how 
to best communicate with the 
�`�ˆ�Û�i�À�Ã�i���À�>�˜�}�i���œ�v���i�˜�`�‡�Õ�Ã�i�À�Ã�]���Ì�œ��
ensure they feel fully in control of 
their thermal comfort and have 
�V�œ�˜�w�`�i�˜�V�i���Ì�…�>�Ì���V�œ�“�«�•�i�Ý���…�Þ�L�À�ˆ�`��
�Ã�Þ�Ã�Ì�i�“�Ã���>�À�i���Ü�œ�À�Ž�ˆ�˜�}���ˆ�˜���Ì�…�i�ˆ�À���L�i�Ã�Ì��
interest. Smart systems (such as 
the one demonstrated in the 
���À�i�i�`�œ�“���*�À�œ�•�i�V�Ì�®���>�À�i���À�i�µ�Õ�ˆ�À�i�`��
to properly balance consumers’ 
requirements with national and 
network requirements. Alternative 
�…�œ�“�i���…�i�>�Ì�ˆ�˜�}���v�À�œ�“���>���…�i�>�Ì��
pump alone requires in-home 
�À�i�Ì�À�œ�w�Ì�Ì�i�`���ˆ�˜�Ã�Õ�•�>�Ì�ˆ�œ�˜���“�i�>�Ã�Õ�À�i�Ã���>�˜�`��
�V�…�>�˜�}�i�œ�Û�i�À���Ì�œ���•�œ�Ü�‡�Ì�i�“�«�i�À�>�Ì�Õ�À�i��
�À�>�`�ˆ�>�Ì�œ�À�Ã���Ì�…�>�Ì���L�À�ˆ�˜�}�Ã���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���V�œ�Ã�Ì��
and disruption – the avoidance 
of this issue provided by smart 
�…�Þ�L�À�ˆ�`�Ã���ˆ�Ã���>���“�Õ�V�…���“�œ�À�i���>�«�«�i�>�•�ˆ�˜�}��
proposition to consumers.

ECONOMICS 
CONSUMER  

ACCEPTANCE 
TECHNOLOGY  

READINESS 

POLICY
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The aggregation interventions made full use of PassivSystems’ aggregated demand 
management technology, and addresses the central challenge of the Freedom 
Project: the scenario where many homes have moved over to heat pumps in order 
to decarbonise home heating, but the electricity network does not have enough 
capacity to meet the load. The project’s proposed solution to this problem is the 
hybrid heating system: when the electricity network nears its capacity, heating load 
can be intelligently switched over to gas.

�6�J�G���R�T�Q�L�G�E�V���W�U�G�F���V�J�G���‚�G�N�F���V�T�K�C�N���J�Q�O�G�U���V�Q���G�O�W�N�C�V�G���C���H�W�V�W�T�G���U�E�G�P�C�T�K�Q���C�U���H�Q�N�N�Q�Y�U��

 •  �#�U�U�W�O�G�F���C�P���C�X�G�T�C�I�G���R�T�Q�‚�N�G��
for non-heat-pump electricity 
baseload �V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜���­�Õ�Ã�ˆ�˜�}��
�Ì�…�i���Ã�Ì�>�˜�`�>�À�`���
�•�i�Ý�œ�˜���«�À�œ�w�•�i��
that is used for settlement 
�«�Õ�À�«�œ�Ã�i�Ã�®

•  Set a load cap at 0.75kW 
per home, ���Ã�•�ˆ�}�…�Ì�•�Þ���>�L�œ�Û�i��
�Ì�…�i���«�i�>�Ž���L�>�Ã�i�•�œ�>�`���Û�>�•�Õ�i�]���Ì�œ��
simulate a scenario where the 
�…�i�>�Ì���«�Õ�“�«���>�Û�œ�ˆ�`�Ã���>�v�v�i�V�Ì�ˆ�˜�}��
peak electricity consumption 
over the course of a day

•  Added the heat pump 
power consumption to the 
�L�>�Ã�i�•�œ�>�`���«�À�œ�w�•�i���Ì�œ���Ã�ˆ�“�Õ�•�>�Ì�i��
total power demand. This 
emulates 100% penetration 
of hybrid heating systems:  
for each heat pump there is a 
�V�œ�À�À�i�Ã�«�œ�˜�`�ˆ�˜�}���L�>�Ã�i�•�œ�>�`

•  Simulated 50% penetration 
of hybrid heating systems  by 
�>�`�`�ˆ�˜�}���Ì�…�i���…�i�>�Ì���«�Õ�“�«���«�œ�Ü�i�À��
consumption multiplied by 
�ä�°�x���Ì�œ���Ì�…�i���L�>�Ã�i�•�œ�>�`���«�À�œ�w�•�i�\���v�œ�À��
each heat pump there are two 

�V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�˜�}���L�>�Ã�i�•�œ�>�`�Ã�°���/�…�i��
load cap remains the same on 
�>���«�i�À���…�œ�“�i���L�>�Ã�ˆ�Ã�]���À�i�•�>�Ì�ˆ�Û�i���Ì�œ��
the baseload peak demand. 
This scenario requires weaker 
demand constraints

�U�� ���
�Ý�«�i�À�ˆ�“�i�˜�Ì�Ã���Ü�i�À�i���V�>�À�À�ˆ�i�`���œ�Õ�Ì��
in low, mid and high gas 
price scenarios.  A distribution 
�Õ�Ã�i���œ�v���Ã�Þ�Ã�Ì�i�“���­���Õ�"�-�®���«�À�ˆ�V�ˆ�˜�}��
scenario was also utilised 
simultaneously

3.8  Aggregate demand management

�
�Û�>�•�Õ�>�Ì�ˆ�˜�}���>�}�}�À�i�}�>�Ì�i�`���«�œ�Ü�i�À���•�i�Û�i�•�Ã���œ�˜���>���¿�«�i�À���…�œ�“�i�¿���L�>�Ã�ˆ�Ã���i�˜�>�L�•�i�Ã�� 
�Ì�…�i���>�Û�>�ˆ�•�>�L�•�i���`�>�Ì�>���Ì�œ���L�i���v�Õ�•�•�Þ���Õ�Ì�ˆ�•�ˆ�Ã�i�`�]���i�Û�i�˜���Ü�…�i�˜���Ì�…�i���˜�Õ�“�L�i�À���œ�v���…�œ�“�i�Ã��
�Û�>�À�ˆ�i�Ã�°�����˜���>���À�i�>�•���Ã�ˆ�Ì�Õ�>�Ì�ˆ�œ�˜�]���Ì�…�i�Ã�i���«�i�À���…�œ�“�i���Û�>�•�Õ�i�Ã���Ü�œ�Õ�•�`���L�i���“�Õ�•�Ì�ˆ�«�•�ˆ�i�`��
�L�Þ���Ì�…�i���˜�Õ�“�L�i�À���œ�v���…�œ�“�i�Ã���>�˜�`���V�œ�“�«�>�À�i�`���Ì�œ���>�˜���>�L�Ã�œ�•�Õ�Ì�i���«�œ�Ü�i�À���À�>�Ì�ˆ�˜�}�� 
of a substation.

���i�˜�i�À�>�•�•�Þ�]���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�½���>�}�}�À�i�}�>�Ì�i�`���`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì��
calculations would run every half hour and determine the best way 
�œ�v���Ž�i�i�«�ˆ�˜�}���Ì�…�i���…�œ�“�i�Ã���Ü�ˆ�Ì�…�ˆ�˜���Ì�…�i���>�}�}�À�i�}�>�Ì�i���`�i�“�>�˜�`���V�>�«���Ü�…�ˆ�•�i��
�“�i�i�Ì�ˆ�˜�}���Ì�…�i���V�œ�“�v�œ�À�Ì���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã���v�œ�À���i�>�V�…���…�œ�Õ�Ã�i���>�Ì���•�œ�Ü�i�Ã�Ì���V�œ�Ã�Ì���Ì�œ 
�Ì�…�i���œ�V�V�Õ�«�>�˜�Ì�°���
�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì���Ã�ˆ�}�˜�>�•�Ã���Ü�œ�Õ�•�`���Ì�…�i�˜���L�i���«�Õ�Ã�…�i�`���Ì�œ���Ì�…�i��
�ˆ�˜�`�ˆ�Û�ˆ�`�Õ�>�•���…�œ�Õ�Ã�i�Ã�]���>�˜�`���Ì�…�i���…�Õ�L�Ã���>�Ì���i�>�V�…���Ã�ˆ�Ì�i���Ì�…�i�˜���>�Õ�Ì�œ�˜�œ�“�œ�Õ�Ã�•�Þ 
�V�œ�˜�Ì�À�œ�•���Ì�…�i���…�i�>�Ì�ˆ�˜�}���V�œ�˜�Ã�ˆ�Ã�Ì�i�˜�Ì�•�Þ���Ü�ˆ�Ì�…���Ì�…�i�Ã�i���V�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì�Ã�°��

�/�…�i���>�V�Ì�Õ�>�•���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�i�“�>�˜�`���œ�v���Ì�…�i�Ã�i���…�œ�“�i�Ã���­�ˆ�˜���>�}�}�À�i�}�>�Ì�i�®���Ü�…�i�˜��
�œ�«�i�À�>�Ì�ˆ�˜�}���ˆ�˜���Ì�…�i�Ã�i���`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì���Ã�V�i�˜�>�À�ˆ�œ�Ã���>�À�i���`�ˆ�Ã�«�•�>�Þ�i�`��
below. It was not possible to separate the portfolio into two cohorts 
�Ü�ˆ�Ì�…���>�˜�`���Ü�ˆ�Ì�…�œ�Õ�Ì���Ì�…�i���`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì���ˆ�˜���«�•�>�V�i�]���Ã�œ���ˆ�˜�Ã�Ì�i�>�`��
predictions of power consumption were used to compare had the 
constraints not been applied to the systems.
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Figure 8: Aggregate electricity and heat demand over time during max load demand management operation,  
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Figure 8���«�À�i�Ã�i�˜�Ì�Ã���>�˜���>�}�}�À�i�}�>�Ì�i��
electricity and heat demand over 
�Ì�ˆ�“�i���`�Õ�À�ˆ�˜�}���“�>�Ý���•�œ�>�`���`�i�“�>�˜�`��
�“�>�˜�>�}�i�“�i�˜�Ì���œ�«�i�À�>�Ì�ˆ�œ�˜�]���ˆ�˜���>��
�…�ˆ�}�…���}�>�Ã���«�À�ˆ�V�i���œ�À��Gas Cost Ratio 
(GCR) scenario (GCR=0.33), 
�ˆ�˜�Û�œ�•�Û�ˆ�˜�}��54 homes on average.  
�/�…�ˆ�Ã���Ü�>�Ã���>���Ì�i�Ã�Ì�ˆ�˜�}���«�i�À�ˆ�œ�`���>�˜�`���Ì�…�i��
�`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì���Ã�œ�v�Ì�Ü�>�À�i��
�Ü�>�Ã���˜�œ�Ì���œ�«�i�À�>�Ì�ˆ�˜�}���Ì�…�i���Ü�…�œ�•�i��
time. A DuOS �>�Û�œ�ˆ�`�>�˜�V�i���Ã�ˆ�}�˜�>�•��
�­�…�ˆ�}�…���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�ˆ�V�i�Ã���L�i�Ì�Ü�i�i�˜��
�£�Ç�\�ä�ä���>�˜�`���£�™�\�Î�ä�®���Ü�>�Ã���>�«�«�•�ˆ�i�`���ˆ�˜��

addition on two days. The top 
�}�À�>�«�…���Ã�…�œ�Ü�Ã���…�i�>�Ì���«�Õ�“�«���«�œ�Ü�i�À��
consumption added on top of 
�Ã�ˆ�“�Õ�•�>�Ì�i�`���i�•�i�V�Ì�À�ˆ�V�>�•���L�>�Ã�i�•�œ�>�`�]��
�Ü�…�ˆ�V�…���Ã�…�œ�Õ�•�`���L�i���“�>�˜�>�}�i�`���Ì�œ��
stay beneath a demand cap 
of 0.75kW/home. ���/�…�i���}�À�i�i�˜��
dashed line shows PassivSystems’ 
predictions of what the total 
power demand would have been 
if the demand cap had not been 
�>�«�«�•�ˆ�i�`�]���>�˜�`���v�œ�À���V�œ�“�«�•�i�Ì�i�˜�i�Ã�Ã��
the blue dashed line shows 

PassivSystems’ predictions of total 
power demand with constraints 
in place (which would match true 
�`�i�“�>�˜�`���Ü�ˆ�Ì�…���«�i�À�v�i�V�Ì���«�À�i�`�ˆ�V�Ì�ˆ�œ�˜�Ã�®�°��
�/�…�i���“�ˆ�`�`�•�i���}�À�>�«�…���Ã�…�œ�Ü�Ã���i�Ý�Ì�i�À�˜�>�•��
�Ì�i�“�«�i�À�>�Ì�Õ�À�i���`�Õ�À�ˆ�˜�}���Ì�…�i���«�i�À�ˆ�œ�`��
�v�œ�À���V�œ�“�«�>�À�ˆ�Ã�œ�˜�]���>�˜�`���Ì�…�i���L�œ�Ì�Ì�œ�“��
�}�À�>�«�…���Ã�…�œ�Ü�Ã���…�i�>�Ì���«�À�œ�`�Õ�V�Ì�ˆ�œ�˜��
by the heat pump and boiler 
�Ã�i�«�>�À�>�Ì�i�•�Þ���­�˜�œ�Ì���Ã�Ì�>�V�Ž�i�`�®�°
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Figure 8 �Ã�…�œ�Ü�Ã���>���Ã�Õ�V�V�i�Ã�Ã�v�Õ�•���i�Ý�Ì�i�˜�`�i�`���«�i�À�ˆ�œ�`���œ�v���Ã�œ�«�…�ˆ�Ã�Ì�ˆ�V�>�Ì�i�`���>�}�}�À�i�}�>�Ì�i���`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì���œ�˜���>��
�«�œ�À�Ì�v�œ�•�ˆ�œ���œ�v���x�{���…�œ�“�i�Ã�]���Ü�ˆ�Ì�…���…�i�>�Ì���«�Õ�“�«���«�œ�Ü�i�À���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜���L�i�ˆ�˜�}���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���À�i�`�Õ�V�i�`���­�>�˜�`���À�i�«�•�>�V�i�`���Ü�ˆ�Ì�…��
�}�>�Ã���L�œ�ˆ�•�i�À���…�i�>�Ì�ˆ�˜�}�®���>�Ì���«�i�>�Ž���Ì�ˆ�“�i�Ã���Ü�ˆ�Ì�…�œ�Õ�Ì���ˆ�“�«�>�V�Ì�ˆ�˜�}���…�œ�Õ�Ã�i�…�œ�•�`�i�À�Ã�°���‚�Ì���œ�Ì�…�i�À���Ì�ˆ�“�i�Ã�]���Ì�…�i���>�}�}�À�i�}�>�Ì�i���«�œ�Ü�i�À��
�V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜���œ�v���…�i�>�Ì���«�Õ�“�«�Ã���ˆ�Ã���“�>�˜�>�}�i�`���L�i�˜�i�>�Ì�…���Ì�…�i���V�>�«���“�œ�Ã�Ì���œ�v���Ì�…�i���Ì�ˆ�“�i�]���>�•�Ì�…�œ�Õ�}�…���Ì�…�i�À�i���ˆ�Ã���>�˜���i�À�À�œ�À��
�“�>�À�}�ˆ�˜���œ�v���>�L�œ�Õ�Ì���ä�°�£���Ì�œ���ä�°�Ó���Ž�7�É�…�œ�“�i�°

3.8  Aggregate demand management

PassivSystems has successfully demonstrated sophisticated aggregate demand 
management capability on a portfolio of about 50 hybrid heating systems. 

���Õ�À�ˆ�˜�}���«�i�>�Ž���«�i�À�ˆ�œ�`�Ã�]���…�i�>�Ì���«�Õ�“�«���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�i�“�>�˜�`���V�>�˜���L�i���À�i�`�Õ�V�i�`���Ì�œ���>���Û�i�À�Þ���•�œ�Ü���•�i�Û�i�•���>�˜�`���À�i�«�•�>�V�i�`���Ü�ˆ�Ì�…��
�}�>�Ã���L�œ�ˆ�•�i�À���…�i�>�Ì�ˆ�˜�}���Ü�ˆ�Ì�…�œ�Õ�Ì���ˆ�“�«�>�V�Ì�ˆ�˜�}���…�œ�Õ�Ã�i�…�œ�•�`�i�À�Ã�]���>�˜�`���>�Ì���œ�Ì�…�i�À���Ì�ˆ�“�i�Ã���…�i�>�Ì���«�Õ�“�«���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�i�“�>�˜�`���V�>�˜��
�L�i���“�>�˜�>�}�i�`���Ì�œ���>�Û�œ�ˆ�`���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}���œ�Û�i�À�>�•�•���«�i�>�Ž���`�i�“�>�˜�`�]���Ì�œ���>�˜���>�V�V�Õ�À�>�V�Þ���œ�v���>�L�œ�Õ�Ì��0.1 to 0.2 kW/home.

3.9  Aggregation summary
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The project considered what happens to demand patterns if electricity costs 
�T�G�ƒ�G�E�V�G�F���O�Q�T�G���F�K�T�G�E�V�N�[���V�J�G���V�K�O�G���X�C�T�[�K�P�I���E�Q�U�V���K�P���K�V�U���R�T�Q�F�W�E�V�K�Q�P���C�P�F���F�K�U�V�T�K�D�W�V�K�Q�P����
considering carbon pricing and electricity day-ahead auction prices. These signals 
�Y�G�T�G���C�R�R�N�K�G�F���V�Q���J�C�N�H���Q�H���V�J�G���J�Q�O�G�U�����N�G�C�X�K�P�I���V�J�G���T�G�O�C�K�P�F�G�T���Q�P���C���ƒ�C�V���G�N�G�E�V�T�K�E�K�V�[���V�C�T�K�H�H��
and a medium gas price (GCR=0.26) as a baseline comparison; the results are shown 
in �(�K�I�W�T�G���� through to ���(�K�I�W�T�G������.

Figure 9���Ã�…�œ�Ü�Ã���Ì�…�i���>�}�}�À�i�}�>�Ì�i��
electricity and heat demand 
over time in response to carbon 
�ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ���«�À�ˆ�V�i���Ã�ˆ�}�˜�>�•�Ã���­�ˆ�˜�Û�œ�•�Û�ˆ�˜�}��
�œ�˜���>�Û�i�À�>�}�i���£�x���•�ˆ�Û�i���«�À�ˆ�V�i�`��
�…�œ�“�i�Ã���>�˜�`���£�n���œ�Ì�…�i�À���…�œ�“�i�Ã�®�°��
The signals were derived from 
live carbon forecasts from 
National Grid APIs (coloured 
lines in top plot with circles at the 
�Ì�ˆ�“�i���Ì�…�i���v�œ�À�i�V�>�Ã�Ì���Ü�>�Ã���À�i�V�i�ˆ�Û�i�`�®�Æ��
�v�œ�À���À�i�v�i�À�i�˜�V�i�]���Ì�…�i���Ì�À�Õ�i���V�>�À�L�œ�˜��

intensity post-hoc is shown 
as a dashed line. The carbon 
intensities include distribution 
losses (i.e. per kWh electricity 
�`�i�•�ˆ�Û�i�À�i�`���Ì�œ���Ì�…�i���…�œ�“�i�®�°���/�…�i��
�“�ˆ�`�`�•�i���«�•�œ�Ì���Ã�…�œ�Ü�Ã���>�}�}�À�i�}�>�Ì�i��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�i�“�>�˜�`���œ�Û�i�À���Ì�ˆ�“�i�]���Ü�ˆ�Ì�…��
�Ì�…�i���V�œ�˜�Ì�À�œ�•���}�À�œ�Õ�«���œ�˜���>���y�>�Ì���Ì�>�À�ˆ�v�v��
�>�Ã���>���`�>�Ã�…�i�`���•�ˆ�˜�i�°���/�…�i���L�œ�Ì�Ì�œ�“���y�œ�Ü��
shows heat production from the 
boiler and the heat pump (not 
�Ã�Ì�>�V�Ž�i�`�®�]���•�ˆ�Ž�i�Ü�ˆ�Ã�i���Ü�ˆ�Ì�…���Ì�…�i���V�œ�˜�Ì�À�œ�•��

�}�À�œ�Õ�«���>�Ã���`�>�Ã�…�i�`���•�ˆ�˜�i�Ã�°��Three 
experiments were carried out 
over time to match different 
carbon intensities of gas:  
natural gas at 184g CO 2/kWh;  
a future green gas scenario  
at 60g CO 2/kWh; a future  
super green gas scenario  
of 40g CO 2/kWh.

3.10  Carbon intensity forecasting
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Figure 9: Aggregate electricity and heat demand over time in response to carbon intensity price signals  

�
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Figure 10���Ã�…�œ�Ü�Ã���>�˜���>�}�}�À�i�}�>�Ì�i��
electricity and heat demand over 
time in response to electricity 
day-ahead auction price 
signals on 16 and 17 January 
�Ó�ä�£�n���­�ˆ�˜�Û�œ�•�Û�ˆ�˜�}���œ�˜���>�Û�i�À�>�}�i��
14 live priced homes and 19 
�œ�Ì�…�i�À���…�œ�“�i�Ã�®�°���/�…�i���Ì�œ�«���•�ˆ�˜�i��

shows the market prices taken 
from NordPool 2 ; these prices 
were subsequently doubled to 
replicate a future green gas 
scenario  (i.e. gas at 200% of 
today’s prices), as the system is 
�V�œ�˜�Ì�À�œ�•�•�ˆ�˜�}���L�>�Ã�i�`���œ�˜���Ì�…�i���À�i�•�>�Ì�ˆ�Û�i��
�}�>�Ã�\�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�ˆ�V�i�°���/�…�i���“�ˆ�`�`�•�i��

�«�•�œ�Ì���Ã�…�œ�Ü�Ã���>�}�}�À�i�}�>�Ì�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
�`�i�“�>�˜�`���œ�Û�i�À���Ì�ˆ�“�i�]���Ü�ˆ�Ì�…���Ì�…�i��
�V�œ�˜�Ì�À�œ�•���}�À�œ�Õ�«���œ�˜���>���y�>�Ì���Ì�>�À�ˆ�v�v���>�Ã��
�>���`�>�Ã�…�i�`���•�ˆ�˜�i�°���/�…�i���L�œ�Ì�Ì�œ�“���y�œ�Ü��
shows heat production from the 
boiler and the heat pump (not 
�Ã�Ì�>�V�Ž�i�`�®�]���•�ˆ�Ž�i�Ü�ˆ�Ã�i���Ü�ˆ�Ì�…���Ì�…�i���V�œ�˜�Ì�À�œ�•��
�}�À�œ�Õ�«���>�Ã���`�>�Ã�…�i�`���•�ˆ�˜�i�Ã�°��

Figure 10: Aggregate electricity and heat demand over time in response to electricity day-ahead auction prices signals on 

�������C�P�F���������,�C�P�W�C�T�[�������������
�K�P�X�Q�N�X�K�P�I���Q�P���C�X�G�T�C�I�G���������N�K�X�G���R�T�K�E�G�F���J�Q�O�G�U���C�P�F���������Q�V�J�G�T���J�Q�O�G�U��

2 www.nordpoolgroup.com/Market-data1/GB/Auction-prices/UK/Hourly/?view=table
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Figure 11: Aggregate electricity and heat demand over time in response to "marginal" carbon intensity price signals,  
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Figure 11���«�À�i�Ã�i�˜�Ì�Ã���>�}�}�À�i�}�>�Ì�i��
electricity and heat demand over 
time in response to 'marginal' 
carbon intensity price signals, 
on 22 to 24 January 2018 
�­�ˆ�˜�Û�œ�•�Û�ˆ�˜�}���œ�˜���>�Û�i�À�>�}�i���£�Î���•�ˆ�Û�i��
priced homes and 19 other 
�…�œ�“�i�Ã�®�°���
�>�À�L�œ�˜���ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ��
forecasts are not available live  
�>�Ã���>�˜�Þ�Ì�…�ˆ�˜�}���œ�Ì�…�i�À���Ì�…�>�˜���>�˜��
�>�Û�i�À�>�}�i�]���Ã�œ���Ó�ä�£�Ç���V�>�À�L�œ�˜���ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ��
�`�>�Ì�>���Ü�>�Ã���Õ�Ì�ˆ�•�ˆ�Ã�i�`�Æ���Ì�…�i���“�>�À�}�ˆ�˜�>�•��
intensity was constructed by 
�ˆ�`�i�˜�Ì�ˆ�v�Þ�ˆ�˜�}���Ì�ˆ�“�i�Ã���Ü�…�i�˜���V�œ�>�•��
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���i�Ý�V�i�i�`�i�`���™�]�ä�ä�ä���7�] 

�>�˜�`���>�•�•�œ�V�>�Ì�ˆ�˜�}���Ì�…�i���V�>�À�L�œ�˜��
�ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ���œ�v���V�œ�>�•�‡�}�i�˜�i�À�>�Ì�i�`��
electricity at these times 
�­�™�Î�Ç�}���
�"2�É�Ž�7�…�®�°���‚�Ì���œ�Ì�…�i�À���Ì�ˆ�“�i�Ã��
the electricity was allocated the 
�V�>�À�L�œ�˜���ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ���œ�v���Ì�…�i���˜�i�Ý�Ì�‡�Ü�œ�À�Ã�Ì��
�}�i�˜�i�À�>�Ì�œ�À���­�V�œ�“�L�ˆ�˜�i�`���V�Þ�V�•�i���}�>�Ã��
�Ì�Õ�À�L�ˆ�˜�i�Ã���œ�À���
�
���/�Ã�]���>�Ã�Ã�Õ�“�i�`��
�Ì�œ���L�i���Î�™�{�}���
�"2�É�Ž�7�…�®�°���/�…�i�Ã�i��
�Ã�i�Ì�Ì�ˆ�˜�}�Ã���>�À�i��indicative of future 
marginal carbon switching,  
albeit from 2025 much of the 
�«�i�>�Ž�ˆ�˜�}���y�i�Ý�ˆ�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�Ã��
likely to come from local open  
�V�Þ�V�•�i���}�>�Ã���Ì�Õ�À�L�ˆ�˜�i�Ã���­�"�
���/�Ã�® 

�­�È�x�£�}���
�"2�É�Ž�7�…�®�°���/�…�i���À�i�Ã�Õ�•�Ì�ˆ�˜�}��
�Ã�ˆ�}�˜�>�•���ˆ�Ã���Ã�…�œ�Ü�˜���ˆ�˜���Ì�…�i���Ì�œ�«���}�À�>�«�…�Æ��
�…�œ�“�i�Ã���Ü�i�À�i���}�ˆ�Û�i�˜���Ì�…�i���Ì�À�Õ�i��
�V�>�À�L�œ�˜���ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ���œ�v���˜�>�Ì�Õ�À�>�•���}�>�Ã���>�Ã��
�Ì�…�i���«�À�ˆ�V�i���v�œ�À���}�>�Ã���L�œ�ˆ�•�i�À���œ�«�i�À�>�Ì�ˆ�œ�˜�°����
�/�…�i���“�ˆ�`�`�•�i���«�•�œ�Ì���Ã�…�œ�Ü�Ã���>�}�}�À�i�}�>�Ì�i��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�i�“�>�˜�`���œ�Û�i�À���Ì�ˆ�“�i�]���Ü�ˆ�Ì�…��
�Ì�…�i���V�œ�˜�Ì�À�œ�•���}�À�œ�Õ�«���œ�˜���>���y�>�Ì���Ì�>�À�ˆ�v�v��
�>�Ã���>���`�>�Ã�…�i�`���•�ˆ�˜�i�°���/�…�i���L�œ�Ì�Ì�œ�“���y�œ�Ü��
shows heat production from 
the boiler and the heat pump 
�­�˜�œ�Ì���Ã�Ì�>�V�Ž�i�`�®�]���•�ˆ�Ž�i�Ü�ˆ�Ã�i���Ü�ˆ�Ì�…���Ì�…�i��
�V�œ�˜�Ì�À�œ�•���}�À�œ�Õ�«���>�Ã���`�>�Ã�…�i�`���•�ˆ�˜�i�Ã�°

�‚�•�•���œ�v���Ì�…�i���`�ˆ�v�v�i�À�i�˜�Ì���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜���Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã���Ü�ˆ�•�•���L�i���À�i�•�ˆ�>�˜�Ì���œ�˜���Ì�…�i���V�œ�˜�Ã�Õ�“�i�À���}�i�Ì�Ì�ˆ�˜�}���>�«�«�À�œ�«�À�ˆ�>�Ì�i���«�À�ˆ�V�i��
�Ã�ˆ�}�˜�>�•�Ã���Ì�œ���`�À�ˆ�Û�i���Ì�…�i�“���Ì�œ�Ü�>�À�`�Ã���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���œ�«�Ì�ˆ�œ�˜�Ã�°�����Þ�L�À�ˆ�`�ˆ�Ã�>�Ì�ˆ�œ�˜���ˆ�Ã���˜�œ���`�ˆ�v�v�i�À�i�˜�Ì�°���
�i�À�Ì�>�ˆ�˜�•�Þ���Ì�…�i��
�V�œ�˜�Ì�À�œ�•���Ã�Þ�Ã�Ì�i�“���˜�i�i�`�Ã���Ì�œ���L�i���“�œ�À�i���Ã�œ�«�…�ˆ�Ã�Ì�ˆ�V�>�Ì�i�`���ˆ�˜���…�œ�Ü���ˆ�Ì���“�>�˜�>�}�i�Ã���Ì�…�i���…�i�>�Ì���Ã�œ�Õ�À�V�i�Ã���Ì�œ���`�i�•�ˆ�Û�i�À���L�i�Ã�Ì���V�œ�Ã�Ì��
�œ�Õ�Ì�V�œ�“�i�Ã���Ü�…�i�˜���V�œ�“�«�>�À�i�`���Ì�œ���Ì�À�>�`�ˆ�Ì�ˆ�œ�˜�>�•���…�i�>�Ì�ˆ�˜�}���V�œ�˜�Ì�À�œ�•�Ã�]���L�Õ�Ì���Ì�…�i�À�i���ˆ�Ã���˜�œ���À�i�>�Ã�œ�˜���v�œ�À���Ì�…�ˆ�Ã���V�œ�“�«�•�i�Ý�ˆ�Ì�Þ���Ì�œ���v�>�•�•��
�œ�˜���Ì�…�i���V�œ�˜�Ã�Õ�“�i�À�°���‚�˜�>�•�œ�}�œ�Õ�Ã���Ì�œ���`�À�ˆ�Û�ˆ�˜�}���>���…�Þ�L�À�ˆ�`���Û�i�…�ˆ�V�•�i�]���Ì�…�i���V�œ�˜�Ã�Õ�“�i�À���V�>�˜���À�i�•�Þ���œ�˜���Ì�…�i���Ì�i�V�…�˜�œ�•�œ�}�Þ���Ì�œ���“�>�Ž�i��
�`�i�V�ˆ�Ã�ˆ�œ�˜�Ã���>�L�œ�Õ�Ì���Ã�Þ�Ã�Ì�i�“���œ�«�Ì�ˆ�“�ˆ�Ã�>�Ì�ˆ�œ�˜�]���>�˜�`���V�œ�Ã�Ì���œ�Õ�Ì�V�œ�“�i�Ã���Ã�…�œ�Õ�•�`���i�˜�V�œ�Õ�À�>�}�i���V�œ�˜�Ã�Õ�“�i�À�Ã���Ì�œ���ˆ�˜�Ã�Ì�>�•�•���Ã�“�>�À�Ì��
systems that provide the best returns.

3.11  Carbon intensity  
forecasting conclusion
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This intervention (Figures 9, 
10 and 11)���ˆ�Ã���…�ˆ�}�…�•�Þ���ˆ�˜�˜�œ�Û�>�Ì�ˆ�Û�i��
�>�Ã���>�V�Ì�Õ�>�•���•�ˆ�Û�i���­�>�Û�i�À�>�}�i�®���V�>�À�L�œ�˜��
intensity forecasts were used to 
�ˆ�˜�y�Õ�i�˜�V�i���Ì�…�i���œ�«�i�À�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i��
hybrid systems. For low carbon 
�œ�«�i�À�>�Ì�ˆ�œ�˜�]���Ì�…�i���…�i�>�Ì���«�Õ�“�«���ˆ�Ã��
�…�ˆ�}�…�•�Þ���v�>�Û�œ�Õ�À�i�`���­�>�˜�`���Ì�…�i���Ã�Þ�Ã�Ì�i�“��
�>�•�Ã�œ���Ì�À�ˆ�i�Ã���Ì�œ���V�…�>�À�}�i���Ì�…�i���…�œ�“�i��
�`�Õ�À�ˆ�˜�}���•�œ�Ü�i�À���V�>�À�L�œ�˜���«�i�À�ˆ�œ�`�Ã��
�ˆ�˜���>�`�Û�>�˜�V�i���œ�v���…�ˆ�}�…�i�À���V�>�À�L�œ�˜��
�«�i�À�ˆ�œ�`�Ã�]���>�•�Ì�…�œ�Õ�}�…���Ì�…�ˆ�Ã���ˆ�Ã���˜�œ�Ì 
�Û�i�À�Þ���œ�L�Û�ˆ�œ�Õ�Ã���v�À�œ�“���Ì�…�i���`�>�Ì�>�®�° 
The contrast with the current 
�«�À�ˆ�V�i���À�i�}�ˆ�“�i���ˆ�˜���Ì�…�i���1�����ˆ�Ã���…�Õ�}�i�\��
prices currently massively 
�i�˜�V�œ�Õ�À�>�}�i���Ì�…�i���Õ�Ã�i���œ�v���…�ˆ�}�…�i�À��
�V�>�À�L�œ�˜���v�Õ�i�•�°���‚�Ã���}�>�Ã���L�i�V�œ�“�i�Ã��
lower carbon (future scenarios 
�œ�v���À�i�˜�i�Ü�>�L�•�i�É�}�À�i�i�˜���}�>�Ã�®�]���Ì�…�i��
�…�i�>�Ì���«�Õ�“�«���ˆ�Ã���Õ�Ã�i�`���•�i�Ã�Ã�]���Õ�˜�Ì�ˆ�•���ˆ�Ì��
becomes completely suppressed 
�`�Õ�À�ˆ�˜�}���«�i�À�ˆ�œ�`�Ã���œ�v���…�ˆ�}�…�i�À���V�>�À�L�œ�˜��
electricity.

This intervention demonstrates 
�Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���Ã�Õ�V�V�i�Ã�Ã�v�Õ�•�•�Þ���Ã�…�ˆ�v�Ì�ˆ�˜�}��
heat pump consumption away 
�v�À�œ�“���…�ˆ�}�…���“�>�À�Ž�i�Ì���«�À�ˆ�V�i�Ã���­�£�n�\�ä�ä�®��
�>�˜�`���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}���ˆ�Ì���>�Ì���•�œ�Ü�i�À���«�À�ˆ�V�i�Ã��
�­�ä�{�\�ä�ä�®�°���/�…�i�À�i���ˆ�Ã���˜�œ���˜�œ�Ì�ˆ�V�i�>�L�•�i��
�ˆ�“�«�>�V�Ì���œ�˜���}�>�Ã���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜��
�…�œ�Ü�i�Û�i�À�°�����Ì���ˆ�Ã���Ü�œ�À�Ì�…���˜�œ�Ì�ˆ�˜�}��
that it was necessary to double 
�}�>�Ã���«�À�ˆ�V�i�Ã���Ì�œ���}�i�Ì���>���Ã�i�˜�Ã�ˆ�L�•�i��
�i�Ý�«�i�À�ˆ�“�i�˜�Ì�]���>�Ã���œ�Ì�…�i�À�Ü�ˆ�Ã�i���Ì�…�i��
heat pump would have been 
�Õ�Ã�i�`���y�>�Ì���œ�Õ�Ì�°���/�…�ˆ�Ã���ˆ�Ã���>���…�Õ�}�i��
contrast to the consumer price 
�Ã�V�i�˜�>�À�ˆ�œ�]���Õ�˜�`�i�À���Ü�…�ˆ�V�…���}�>�Ã���ˆ�Ã���Ì�…�i��
cheapest fuel; between wholesale 
�«�À�ˆ�V�i�Ã���>�˜�`���V�œ�˜�Ã�Õ�“�i�À���«�À�ˆ�V�i�Ã�]��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���}�i�Ì�Ã���>���Û�>�Ã�Ì�•�Þ���L�ˆ�}�}�i�À��
�«�À�ˆ�V�i���ˆ�˜�V�À�i�>�Ã�i���Ì�…�>�˜���}�>�Ã�°���-�œ���Ü�…�i�˜��
�V�œ�“�«�>�À�ˆ�˜�}���…�i�>�Ì���«�Õ�“�«���…�i�>�Ì�ˆ�˜�}��
�Ü�ˆ�Ì�…���L�œ�ˆ�•�i�À���…�i�>�Ì�ˆ�˜�}�]���¿�}�À�i�i�˜���Ì�>�Ý�i�Ã�¿��
that support renewable electricity 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�À�i���…�>�Û�ˆ�˜�}���Ì�…�i���i�v�v�i�V�Ì��
�œ�v���«�Õ�Ã�…�ˆ�˜�}���…�œ�Õ�Ã�i�…�œ�•�`�i�À�Ã���Ì�œ�Ü�>�À�`�Ã��
�…�ˆ�}�…�i�À���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}�°��

�/�…�ˆ�Ã���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�Ã���«�À�ˆ�V�ˆ�˜�}��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�V�V�œ�À�`�ˆ�˜�}���Ì�œ���Ì�…�i���“�œ�Ã�Ì��
�V�>�À�L�œ�˜�‡�ˆ�˜�Ì�i�˜�Ã�ˆ�Û�i���}�i�˜�i�À�>�Ì�œ�À���…�>�Ã��
a much more dramatic effect 
on the fuel choice – compared 
�Ì�œ���V�œ�>�•�‡�}�i�˜�i�À�>�Ì�i�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
�«�œ�Ü�i�À�ˆ�˜�}���Ì�…�i���…�i�>�Ì���«�Õ�“�«�]���Ì�…�i��
�}�>�Ã���L�œ�ˆ�•�i�À���ˆ�Ã���˜�œ�Ü���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ��
preferred on a carbon basis. 
�	�ˆ�}���À�i�`�Õ�V�Ì�ˆ�œ�˜�Ã���ˆ�˜���…�i�>�Ì���«�Õ�“�«��
�Õ�Ã�>�}�i���>�À�i���i�Û�ˆ�`�i�˜�Ì���`�Õ�À�ˆ�˜�}���Ì�…�i�Ã�i��
�Ì�ˆ�“�i�Ã�]���>�˜�`���}�>�Ã���L�œ�ˆ�•�i�À���Õ�Ã�>�}�i��
�ˆ�˜�V�À�i�>�Ã�i�Ã���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���`�Õ�À�ˆ�˜�}���Ì�…�i��
�`�>�Þ�Ì�ˆ�“�i�°���/�…�i���¿�“�>�À�}�ˆ�˜�>�•���«�À�ˆ�V�ˆ�˜�}�¿��
�Ã�V�i�˜�>�À�ˆ�œ���ˆ�Ã���Ì�>�À�}�i�Ì�i�`���>�Ì���V�œ�•�`�]��
windless winter days when the 
�i�Ý�Ì�À�>���•�œ�>�`���œ�v���…�i�>�Ì���«�Õ�“�«�Ã���“�i�>�˜�Ã��
�Ì�…�>�Ì���V�œ�>�•���}�i�˜�i�À�>�Ì�ˆ�œ�˜�]���œ�À���•�ˆ�Ž�i�•�Þ��
�œ�«�i�˜���V�Þ�V�•�i���}�>�Ã���Ì�Õ�À�L�ˆ�˜�i�Ã���­�"�
���/�®��
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�˜���Ì�…�i���v�Õ�Ì�Õ�À�i�]���ˆ�Ã���Ì�Õ�À�˜�i�`��
up when it would not otherwise 
�L�i���À�i�µ�Õ�ˆ�À�i�`�°���/�…�i���i�Ý�«�i�À�ˆ�“�i�˜�Ì�Ã��
have successfully demonstrated 
that hybrid systems could switch 
�Ì�œ���}�>�Ã���ˆ�˜���Ì�…�i�Ã�i���V�ˆ�À�V�Õ�“�Ã�Ì�>�˜�V�i�Ã���Ì�œ��
�}�i�˜�Õ�ˆ�˜�i�•�Þ���“�ˆ�˜�ˆ�“�ˆ�Ã�i���À�i�>�•�‡�Ü�œ�À�•�`��
carbon emissions.
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3 .  F R E E D O M  H Y B R I D  H E AT I N G  S Y S T E M S  F I E L D  T R I A L  R E S U LT S  A N A LY S I S

Below is a ‘Beast from the East’ case study showing the time-series  
of a hybrid heating system during cold weather, on a high GCR.

�/�…�i���Ì�œ�«���}�À�>�«�…���`�ˆ�Ã�«�•�>�Þ�Ã���À�œ�œ�“���Ì�i�“�«�i�À�>�Ì�Õ�À�i���>�˜�`���Ì�…�i���Õ�Ã�i�À�½�Ã���À�i�µ�Õ�i�Ã�Ì�i�`���Ã�i�Ì�‡�«�œ�ˆ�˜�Ì�Æ���˜�œ�Ì�i���Ì�…�>�Ì���Ì�…�i���…�œ�Õ�Ã�i�…�œ�•�`�i�À��
�v�À�i�µ�Õ�i�˜�Ì�•�Þ���V�…�>�˜�}�i�Ã���Ì�…�i�ˆ�À���“�ˆ�˜�`���>�L�œ�Õ�Ì���Ì�…�i���Ì�i�“�«�i�À�>�Ì�Õ�À�i���Ü�>�˜�Ì�i�`���ˆ�˜���Ì�…�i���i�Û�i�˜�ˆ�˜�}�°���/�…�i���Ã�i�V�œ�˜�`���}�À�>�«�…���Ã�…�œ�Ü�Ã��
�i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�Æ��-6C on 1 March was the coldest temperature in Bridgend this winter.  The third 
shows heat provided to the house from each fuel source and the fourth shows radiator temperatures. 
�/�…�i���…�i�>�Ì���«�Õ�“�«���ˆ�Ã���À�Õ�˜�˜�ˆ�˜�}���>�•�“�œ�Ã�Ì���>�•�•���Ì�…�i���Ì�ˆ�“�i���«�À�œ�Û�ˆ�`�ˆ�˜�}���>���L�>�Ã�i�•�œ�>�`���œ�v���…�i�>�Ì���ˆ�˜�«�Õ�Ì�]���L�Õ�Ì���ˆ�Ì���ˆ�Ã���˜�œ�Ì���i�V�œ�˜�œ�“�ˆ�V 
�Ì�œ���À�Õ�˜���ˆ�Ì���>�L�œ�Û�i���{�ä�c�
�]���>�˜�`���“�Õ�V�…���…�ˆ�}�…�i�À���À�>�`�ˆ�>�Ì�œ�À���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã���>�À�i���À�i�µ�Õ�ˆ�À�i�`���Ì�œ���…�i�>�Ì���Ì�…�i���…�œ�Õ�Ã�i���Õ�«���>�}�>�ˆ�˜ 
(see Figure 12).

3.12  Field trial analysis  
�*�K�I�J���I�C�U���E�Q�U�V���T�C�V�K�Q�����E�Q�N�F���Y�G�C�V�J�G�T�� 
�n�$�G�C�U�V���H�T�Q�O���V�J�G���'�C�U�V�o

Figure 12: Case study showing time-series of a hybrid heating system during cold weather, on a high gas cost ratio

Below is a ‘Beast from the East’ case study showing the time-series of a hybrid 
heating system during cold weather and on a high GCR, but this time in a home  
that struggles to heat, presumably due to poor insulation or similar. 

�/�…�i���Ì�œ�«���}�À�>�«�…���`�ˆ�Ã�«�•�>�Þ�Ã���À�œ�œ�“���Ì�i�“�«�i�À�>�Ì�Õ�À�i���>�˜�`���Ì�…�i���Õ�Ã�i�À�½�Ã���À�i�µ�Õ�i�Ã�Ì�i�`���Ã�i�Ì�‡�«�œ�ˆ�˜�Ì�Æ���˜�œ�Ì�i���Ì�…�>�Ì���œ�˜���£�����>�À�V�…���Ì�…�i��
�L�œ�ˆ�•�i�À���w�À�i�Ã���>�•�•���˜�ˆ�}�…�Ì���L�Õ�Ì���V�>�˜�˜�œ�Ì���}�i�Ì���Ì�…�i���…�œ�Õ�Ã�i���>�L�œ�Û�i���£�™�
���Õ�˜�Ì�ˆ�•���>�À�œ�Õ�˜�`���ä�È�\�ä�ä�°�����Õ�À�ˆ�˜�}���£�Ã�Ì�����>�À�V�…�]���Ì�…�i�À�i���>�À�i��
�v�À�i�µ�Õ�i�˜�Ì���`�À�œ�«�Ã���ˆ�˜���Ì�i�“�«�i�À�>�Ì�Õ�À�i�]���«�i�À�…�>�«�Ã���`�œ�œ�À�Ã���L�i�ˆ�˜�}���œ�«�i�˜�i�`���`�Õ�À�ˆ�˜�}���Ì�…�i���Ã�˜�œ�Ü�Þ���`�>�Þ�°���/�…�i���Ã�i�V�œ�˜�`���}�À�>�«�…��
�Ã�…�œ�Ü�Ã���i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�°���/�…�i���Ì�…�ˆ�À�`���}�À�>�«�…���Ã�…�œ�Ü�Ã���…�i�>�Ì���«�À�œ�Û�ˆ�`�i�`���Ì�œ���Ì�…�i���…�œ�Õ�Ã�i���v�À�œ�“���i�>�V�…���v�Õ�i�•���Ã�œ�Õ�À�V�i�]�� 
and the fourth shows radiator temperatures. The boiler runs a high proportion of the time, but it is  
still worthwhile using the heat pump sometimes even in sub-zero weather  (see Figure 13).

3.13  Field trial analysis  
�*�K�I�J���I�C�U���E�Q�U�V���T�C�V�K�Q�����E�Q�N�F���Y�G�C�V�J�G�T�����R�Q�Q�T�N�[��
�K�P�U�W�N�C�V�G�F���J�Q�O�G�����n�$�G�C�U�V���H�T�Q�O���V�J�G���'�C�U�V�o

Figure 13: Case study showing time-series of a hybrid heating system during cold weather, on a high gas cost ratio, in a home that 

struggles to heat, presumably due to poor insulation or similar

Typical behaviour is similar to 
�>���}�>�Ã���L�œ�ˆ�•�i�À���œ�˜���ˆ�Ì�Ã���œ�Ü�˜�]���Ü�ˆ�Ì�…��
�…�i�>�Ì�ˆ�˜�}���œ�v�v���Ü�…�i�˜���˜�œ�Ì���À�i�µ�Õ�ˆ�À�i�`��
and then reheated for occupied 
�«�i�À�ˆ�œ�`�Ã�]���i�Ý�V�i�«�Ì���Ì�…�>�Ì���Ì�…�i��heat 
pump is used to pre-warm the 
radiators to 30-40°C before 
switching over to the gas boiler. 

The transition point is dependent 
�œ�˜���Ì�…�i���}�>�Ã�\�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�ˆ�V�i���À�>�Ì�ˆ�œ��
and the thermal properties of 
the home; for some homes it 
�ˆ�Ã���Ü�œ�À�Ì�…�Ü�…�ˆ�•�i���À�Õ�˜�˜�ˆ�˜�}���Ì�…�i���…�i�>�Ì��
�«�Õ�“�«���}�i�˜�Ì�•�Þ���>�•�•���˜�ˆ�}�…�Ì���ˆ�˜���V�œ�•�`�i�À��
�Ü�i�>�Ì�…�i�À���ˆ�v���Ì�…�i���}�>�Ã���«�À�ˆ�V�i���ˆ�Ã���…�ˆ�}�…��
�i�˜�œ�Õ�}�…�°�� 

�‚���…�i�>�Ì���«�Õ�“�«���À�Õ�˜�˜�ˆ�˜�}���ˆ�˜���Ì�…�ˆ�Ã���Ü�>�Þ��
enables decarbonisation to some 
�i�Ý�Ì�i�˜�Ì���ˆ�v���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�ˆ�Ã���«�i�À�v�œ�À�“�ˆ�˜�}���Ü�i�•�•�]���>�•�Ì�…�œ�Õ�}�…���ˆ�Ì��
is limited by the cost impact of 
�i�Ý�«�i�˜�Ã�ˆ�Û�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�\���Ì�…�i���v�Õ�i�•��
transition is always determined 
on an economic basis.

Responsive Dalkin home during cold weather (GDR=0.33), 26th Feb to 1st March
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3 .  F R E E D O M  H Y B R I D  H E AT I N G  S Y S T E M S  F I E L D  T R I A L  R E S U LT S  A N A LY S I S

It is always advantageous to use the heat pump in LPG (Calor gas) homes from 
a cost perspective, and so the transition is determined on an appliance capacity 
basis. It has been successfully demonstrated how the LPG gas boiler is switched on 
automatically in the coldest weather, when the heat pump is unable to keep up with 
demand, without noticeable impact on the occupants’ comfort. The smart controls 
maximise both decarbonisation (when heat pumps are fed with low carbon power) 
and cost savings for the consumer compared to conventional controls, where they 
would switch to gas much more often, as the installer is likely to have set up quite  
a conservative transition temperature. 

�/�…�i���Ì�i�V�…�˜�œ�•�œ�}�Þ���«�À�œ�Û�i�`���i�Ã�«�i�V�ˆ�>�•�•�Þ���V�œ�Ã�Ì���i�v�v�i�V�Ì�ˆ�Û�i���ˆ�˜���…�œ�“�i�Ã���œ�v�v���Ì�…�i���}�>�Ã���}�À�ˆ�`�°���‚�����À�i�i�`�œ�“���*�À�œ�•�i�V�Ì���«�>�À�Ì�ˆ�V�ˆ�«�>�˜�Ì��
�>�˜�`���…�i�À���v�>�“�ˆ�•�Þ���•�ˆ�Û�i���ˆ�˜���>���v�œ�À�“�i�À���“�ˆ�˜�i�À�½�Ã���V�œ�Ì�Ì�>�}�i���ˆ�˜���>���À�Õ�À�>�•���•�œ�V�>�Ì�ˆ�œ�˜���ˆ�˜���Ì�…�i���-�œ�Õ�Ì�…���7�>�•�i�Ã���6�>�•�•�i�Þ�Ã (see Figure 14).  
���i�À���…�œ�“�i���>�V�…�ˆ�i�Û�i�`���>���…�i�>�Ì�ˆ�˜�}���L�ˆ�•�•��saving of £736 over the 2017-2018 winter season  without any 
�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì���Ì�œ���ˆ�“�«�À�œ�Û�i���Ì�…�i���Ì�…�i�À�“�>�•���i�v�w�V�ˆ�i�˜�V�Þ���œ�v���Ì�…�i���L�Õ�ˆ�•�`�ˆ�˜�}���œ�À���À�i�«�•�>�V�i���>�˜�Þ���À�>�`�ˆ�>�Ì�œ�À�Ã�°

3.14  Field trial analysis  
�1�H�H���I�C�U���I�T�K�F���R�T�Q�R�G�T�V�K�G�U

�/�…�ˆ�Ã���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
delivered 19,887kWh heat   
from the heat pump and 
5,587kWh from the LPG boiler.  
This cost the homeowner £657 
�ˆ�˜���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`���Ë�Î�™�£���ˆ�˜�����*���]��
totalling £1,047. ���*�À�œ�`�Õ�V�ˆ�˜�}���Ì�…�i��
same amount of heat with LPG 
would have cost £1,783.  

The heat pump took 78% of the 
heat load and its SPF averaged 
at 3.9  – with the overall 
system outperforming the 
�/�K�E�T�Q�I�G�P�G�T�C�V�K�Q�P���%�G�T�V�K�‚�E�C�V�K�Q�P��
Scheme (MCS) by 25%.  As well 
�>�Ã���>�˜���i�Ý�V�i�•�•�i�˜�Ì���V�œ�Ã�Ì���œ�Õ�Ì�V�œ�“�i�]��
�>���v�Õ�Ì�Õ�À�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���“�ˆ�Ý���Ü�ˆ�Ì�…��
�}�À�i�>�Ì�i�À���À�i�˜�i�Ü�>�L�•�i���V�>�«�>�V�ˆ�Ì�Þ���V�œ�Õ�•�`��
achieve 100% decarbonisation  
�Õ�Ã�ˆ�˜�}���	�ˆ�œ���*�����Ì�œ���L�>�•�>�˜�V�i���>�˜�`��
�«�À�œ�Û�ˆ�`�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ�°

Figure 14. LPG case study home

" We would be reluctant  
�Ì�œ���Õ�Ã�i���œ�Õ�À���…�i�>�Ì�ˆ�˜�}���L�i�v�œ�À�i��
�Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
was installed. I was 
 conscious of cost but 
�˜�œ�Ü���Ü�i���>�À�i���Ã�i�i�ˆ�˜�}���…�Õ�}�i��
�Ã�>�Û�ˆ�˜�}�Ã���>�˜�`���Ü�i���`�ˆ�`���˜�œ�Ì��
need to top up LPG this 
winter. I feel more in 
�V�œ�˜�Ì�À�œ�•���œ�v���“�Þ���…�i�>�Ì�ˆ�˜�}��
system and the home  
is always warm when  
we require heat."

–  T H E  F R E E D O M  P R O J E C T 
T R I A L  PA R T I C I PA N T 

Below is a case study showing the time-series of a hybrid heating system  
�Y�K�V�J���.�2�)�����E�Q�P�‚�I�W�T�G�F���Y�K�V�J���C���X�G�T�[���J�K�I�J���)�%�4���O�C�V�E�J�K�P�I���T�G�C�N���R�T�K�E�K�P�I�����F�W�T�K�P�I�� 
typical winter weather. 

�/�…�i���Ì�œ�«���}�À�>�«�…���`�ˆ�Ã�«�•�>�Þ�Ã���À�œ�œ�“���Ì�i�“�«�i�À�>�Ì�Õ�À�i���>�˜�`���Ì�…�i���Õ�Ã�i�À�½�Ã���V�…�œ�Ã�i�˜���Ã�i�Ì�‡�«�œ�ˆ�˜�Ì�Æ���À�i�µ�Õ�i�Ã�Ì�i�`���V�œ�“�v�œ�À�Ì���•�i�Û�i�•�Ã���>�À�i���“�i�Ì��
�>�˜�`���Ì�…�i���…�œ�Õ�Ã�i���ˆ�Ã���“�>�ˆ�˜�Ì�>�ˆ�˜�i�`���>�Ì���>���Ü�>�À�“���Ì�i�“�«�i�À�>�Ì�Õ�À�i���`�Õ�À�ˆ�˜�}���Ì�…�i���`�>�Þ���Ì�œ���“�>�Ý�ˆ�“�ˆ�Ã�i���Ì�…�i���…�i�>�Ì���«�Õ�“�«���i�v�w�V�ˆ�i�˜�V�Þ�°��
�/�…�i���Ã�i�V�œ�˜�`���Ã�…�œ�Ü�Ã���i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã���Ü�…�ˆ�V�…���>�À�i���v�>�ˆ�À�•�Þ���>�Û�i�À�>�}�i���Ü�ˆ�˜�Ì�i�À���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�°���/�…�i���Ì�…�ˆ�À�`���Ã�…�œ�Ü�Ã���…�i�>�Ì��
�«�À�œ�Û�ˆ�`�i�`���Ì�œ���Ì�…�i���…�œ�Õ�Ã�i���v�À�œ�“���i�>�V�…���v�Õ�i�•���Ã�œ�Õ�À�V�i�]���>�˜�`���Ì�…�i���v�œ�Õ�À�Ì�…���Ã�…�œ�Ü�Ã���À�>�`�ˆ�>�Ì�œ�À���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�°��The heat 
pump is running almost all the time and the house can be kept warm with only 40°C radiators,  
�L�Õ�Ì���Ì�…�i���Ì�i�“�«�i�À�>�Ì�Õ�À�i���ˆ�Ã���“�œ�`�Õ�•�>�Ì�i�`���`�œ�Ü�˜���Ã�•�ˆ�}�…�Ì�•�Þ���œ�Û�i�À�˜�ˆ�}�…�Ì���Ì�œ���À�i�`�Õ�V�i���Ì�…�i�À�“�>�•���•�œ�Ã�Ã�i�Ã���
�U�G�G���(�K�I�W�T�G����������

3.15  Field trial analysis  
�.�2�)���J�Q�O�G�����O�K�N�F���Y�G�C�V�J�G�T

�(�K�I�W�T�G�����������%�C�U�G���U�V�W�F�[���U�J�Q�Y�K�P�I���V�K�O�G���U�G�T�K�G�U���Q�H���C���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���Y�K�V�J���.�2�)�����E�Q�P�‚�I�W�T�G�F���Y�K�V�J���C���X�G�T�[���J�K�I�J���I�C�U���E�Q�U�V���T�C�V�K�Q��

matching real pricing, during typical winter weather 

LPG home (CGR=0.48) in mild weather, 17th to 21st Feb
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DuOS pricing (27th to 29th March)
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3 .  F R E E D O M  H Y B R I D  H E AT I N G  S Y S T E M S  F I E L D  T R I A L  R E S U LT S  A N A LY S I S

Below is a case study showing the time-series of a hybrid heating system with LPG, 
�E�Q�P�‚�I�W�T�G�F���Y�K�V�J���C���X�G�T�[���J�K�I�J���)�%�4���O�C�V�E�J�K�P�I���T�G�C�N���R�T�K�E�K�P�I���K�P���E�Q�N�F���Y�G�C�V�J�G�T����

�/�…�i���Ì�œ�«���}�À�>�«�…���`�ˆ�Ã�«�•�>�Þ�Ã���À�œ�œ�“���Ì�i�“�«�i�À�>�Ì�Õ�À�i���>�˜�`���Ì�…�i���Õ�Ã�i�À�Ã�¿���À�i�µ�Õ�i�Ã�Ì�i�`���Ã�i�Ì�‡�«�œ�ˆ�˜�Ì�Æ���À�i�µ�Õ�i�Ã�Ì�i�`���V�œ�“�v�œ�À�Ì���•�i�Û�i�•�Ã��
�>�À�i���•�>�À�}�i�•�Þ���“�i�Ì���>�•�Ì�…�œ�Õ�}�…���Ã�œ�“�i�Ì�ˆ�“�i�Ã���Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ã�Ì�À�Õ�}�}�•�i�Ã���Ì�œ���Ž�i�i�«���Ì�…�i���…�œ�Õ�Ã�i���Ü�>�À�“�°���/�…�i���Ã�i�V�œ�˜�`���}�À�>�«�…��
�Ã�…�œ�Ü�Ã���i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�]���Ì�…�i���Ì�…�ˆ�À�`���Ã�…�œ�Ü�Ã���…�i�>�Ì���«�À�œ�Û�ˆ�`�i�`���Ì�œ���Ì�…�i���…�œ�Õ�Ã�i���v�À�œ�“���i�>�V�…���v�Õ�i�•���Ã�œ�Õ�À�V�i���>�˜�`���Ì�…�i��
�v�œ�Õ�À�Ì�…���Ã�…�œ�Ü�Ã���À�>�`�ˆ�>�Ì�œ�À���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�°���/�…�i���…�i�>�Ì���«�Õ�“�«���ˆ�Ã���À�Õ�˜�˜�ˆ�˜�}���>�•�•���Ì�…�i���Ì�ˆ�“�i���ˆ�˜���“�ˆ�•�`���Ü�i�>�Ì�…�i�À�]���L�Õ�Ì��the system 
automatically switches to gas during the periods when the heat pump is unable to keep the house 
warm ���­�Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}���v�œ�À���>�«�«�•�ˆ�>�˜�V�i���V�>�«�>�V�ˆ�Ì�Þ���À�>�Ì�…�i�À���Ì�…�>�˜���V�œ�Ã�Ì���À�i�>�Ã�œ�˜�Ã�®�Æ���˜�i�Û�i�À�Ì�…�i�•�i�Ã�Ã���ˆ�Ì���ˆ�Ã���Ã�Ì�ˆ�•�•���Ü�œ�À�Ì�…�Ü�…�ˆ�•�i���À�Õ�˜�˜�ˆ�˜�}��
�Ì�…�i���…�i�>�Ì���«�Õ�“�«���`�Õ�À�ˆ�˜�}���Ì�…�i���V�œ�•�`�i�Ã�Ì���Ü�i�>�Ì�…�i�À�]���i�˜�>�L�•�ˆ�˜�}���V�>�À�L�œ�˜���Ã�>�Û�ˆ�˜�}�Ã���œ�Û�i�À���>���«�Õ�À�i���}�>�Ã���Ã�Þ�Ã�Ì�i�“���ˆ�v���i�˜�œ�Õ�}�…��
�À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�˜���L�i���>�Û�>�ˆ�•�>�L�•�i���v�œ�À���…�i�>�Ì���•�œ�>�`��(see Figure 16).

3.16  Field trial analysis  
�.�2�)���J�Q�O�G�����E�Q�N�F���Y�G�C�V�J�G�T

�(�K�I�W�T�G�����������%�C�U�G���U�V�W�F�[���U�J�Q�Y�K�P�I���V�K�O�G���U�G�T�K�G�U���Q�H���C���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���Y�K�V�J���.�2�)�����E�Q�P�‚�I�W�T�G�F���Y�K�V�J���C���X�G�T�[���J�K�I�J���I�C�U���E�Q�U�V���T�C�V�K�Q��

matching real pricing in cold weather

�/�…�i���L�i�•�œ�Ü���V�>�Ã�i���Ã�Ì�Õ�`�Þ���Ã�…�œ�Ü�ˆ�˜�}��
the time-series of a hybrid 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�]���œ�«�Ì�ˆ�“�ˆ�Ã�i�`��
�v�œ�À�����*�����­���
�,�r�ä�°�{�™�®�]���L�Õ�Ì���Ü�ˆ�Ì�…��
two periods of DuOS pricing 
applied. ���/�…�i���Ì�œ�«���w�}�Õ�À�i���`�ˆ�Ã�«�•�>�Þ�Ã��
room temperature and the user’s 

requested setpoint; it is evident 
there was no direct impact from 
�Ì�…�i�����Õ�"�-���«�i�À�ˆ�œ�`�Ã���­�Ì�…�ˆ�À�`���}�À�>�«�…���ˆ�˜��
�«�ˆ�˜�Ž�®�]���>�•�Ì�…�œ�Õ�}�…���Ì�…�i���Õ�Ã�i�À���…�>�Ã���L�i�i�˜��
�V�…�>�˜�}�ˆ�˜�}���Ì�…�i���Ã�i�Ì�«�œ�ˆ�˜�Ì���>�À�œ�Õ�˜�`���Ì�…�i��
times in question. 

�/�…�i���Ã�i�V�œ�˜�`���}�À�>�«�…���Ã�…�œ�Ü�Ã���i�Ý�Ì�i�À�˜�>�•��
temperatures which were fairly 
�“�ˆ�•�`�°���/�…�i���Ì�…�ˆ�À�`���}�À�>�«�…���Ã�…�œ�Ü�Ã���…�i�>�Ì��
provided to the house from each 
�v�Õ�i�•���Ã�œ�Õ�À�V�i�]���>�˜�`���Ì�…�i���v�œ�Õ�À�Ì�…���Ã�…�œ�Ü�Ã��
radiator temperatures. 

�(�K�I�W�T�G�����������%�C�U�G���U�V�W�F�[���U�J�Q�Y�K�P�I���V�K�O�G���U�G�T�K�G�U���Q�H���C���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�����Q�R�V�K�O�K�U�G�F���H�Q�T���.�2�)���
�)�%�4�����������������D�W�V���Y�K�V�J���V�Y�Q���R�G�T�K�Q�F�U��

�Q�H���&�W�1�5���R�T�K�E�K�P�I���C�R�R�N�K�G�F

LPG Samsung home (CGR=0.48) as weather gets cold, 26th Feb to 1st March
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3.17  Field trial analysis  
�5�W�O�O�C�T�[���C�P�F���E�Q�P�E�N�W�U�K�Q�P

�6�J�G���‚�P�F�K�P�I�U���H�T�Q�O���V�J�G���(�T�G�G�F�Q�O��
�2�T�Q�L�G�E�V���‚�G�N�F���V�T�K�C�N���G�Z�R�G�T�K�O�G�P�V�U���C�P�F��
interventions are provided in this 
section. Some next steps and general 
project conclusions from these 
activities are also drawn.

3 .  F R E E D O M  H Y B R I D  H E AT I N G  S Y S T E M S  F I E L D  T R I A L  R E S U LT S  A N A LY S I S

Hybrid heating systems were installed in detached, semi-detached, end-of-terrace 
�C�P�F���O�K�F���V�G�T�T�C�E�G���J�Q�W�U�G�U�����ƒ�C�V�U���C�P�F���D�W�P�I�C�N�Q�Y�U�����0�Q���J�Q�W�U�K�P�I���V�[�R�G�U���Y�G�T�G���G�P�E�Q�W�P�V�G�T�G�F��
where it was not possible to install a hybrid. In an apartment currently heated by a 
combi-boiler, it is possible to externally wall mount a small ASHP and plumb into the 
existing wet heating system with no loss of internal space. 

The trial included Daikin, 
MasterTherm  and Samsung 
�…�i�>�Ì���«�Õ�“�«�Ã�]���i�>�V�…���Ü�ˆ�Ì�…���>���`�ˆ�v�v�i�À�i�˜�Ì��
�«�•�Õ�“�L�ˆ�˜�}���V�œ�˜�w�}�Õ�À�>�Ì�ˆ�œ�˜�°���‚�•�•��
had initial issues relative to 
�Ì�…�i�ˆ�À���V�œ�“�“�Õ�˜�ˆ�V�>�Ì�ˆ�œ�˜���ˆ�˜�Ì�i�À�v�>�V�i�]��
�>�˜�`���Ì�…�i�À�i���Ü�i�À�i���Û�>�À�Þ�ˆ�˜�}���•�i�Û�i�•�Ã��
of performance between the 
�“�œ�`�i�•�Ã�]���L�Õ�Ì���L�Þ���Ì�…�i���i�˜�`���œ�v���Ì�…�i��
trial all three types functioned 
well and would be suitable for 

future deployment. We were 
unable to test the unique Daikin 
simultaneous operation mode 
due to limitations of the control 
�ˆ�˜�Ì�i�À�v�>�V�i���«�À�œ�Û�ˆ�`�i�`���L�Þ�����>�ˆ�Ž�ˆ�˜�]���L�Õ�Ì��
�Ì�…�ˆ�Ã���ˆ�Ã���i�Ý�«�i�V�Ì�i�`���Ì�œ���L�i���œ�v���•�ˆ�“�ˆ�Ì�i�`��
value overall with smart controls 
�À�i�˜�`�i�À�ˆ�˜�}���Ü�i�>�Ì�…�i�À�‡�V�œ�“�«�i�˜�Ã�>�Ì�i�`��
control obsolete. Simultaneous 
appliance operation should be 
tested in future trials.

Fossil fuel boilers can be 
hybridised relatively easily in 
�À�i�Ì�À�œ�w�Ì���L�Þ���Ã�ˆ�“�«�•�Þ���V�œ�˜�˜�i�V�Ì�ˆ�˜�}���>��
�…�i�>�Ì���«�Õ�“�«���Ì�œ���Ì�…�i���Ã�«�>�V�i���…�i�>�Ì�ˆ�˜�}��
�«�ˆ�«�i�Ü�œ�À�Ž���­�¿�/�½�`�‡�ˆ�˜�¿�®�°�����œ�˜�ˆ�Ì�œ�À�ˆ�˜�}��
�…�i�>�Ì���>�˜�`���}�>�Ã���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜���œ�v���>��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���V�>�˜���L�i��
�`�ˆ�v�w�V�Õ�•�Ì���Ì�œ���>�V�…�ˆ�i�Û�i���À�i�•�ˆ�>�L�•�Þ���>�˜�`��
cost effectively.

3.18  Installation and  
�R�J�[�U�K�E�C�N���E�Q�P�‚�I�W�T�C�V�K�Q�P
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PassivSystems smart fuel switching that provides comfort at minimum cost to trial 
participants has been demonstrated across a variety of future scenarios (e.g. from 
today’s cheap gas prices to as high as natural gas is likely to go, as well as potential 
renewable gas prices). For all homes on mains gas, fuel switching was determined 
economically (i.e. the boiler becomes a cheaper way of heating the house after a 
certain point), rather than because the heat pump no longer had enough heating 
�E�C�R�C�E�K�V�[�����V�J�W�U���O�G�C�P�K�P�I���V�J�C�V�����M�9���J�G�C�V���R�W�O�R�U���Y�G�T�G���U�W�H�‚�E�K�G�P�V���H�Q�T���O�Q�U�V���J�Q�O�G�U 
(in the absence of RHI).

The PassivSystems control 
�Ã�Ì�À�>�Ì�i�}�Þ���v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems that is most cost-
effective is to use the heat  
�«�Õ�“�«���v�œ�À���i�Ý�Ì�i�˜�`�i�`���«�À�i�‡�Ü�>�À�“�ˆ�˜�}��
�>�Ì���•�œ�Ü���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã���­�œ�À���À�Õ�˜�˜�ˆ�˜�}��
�>�•�•���Ì�…�i���Ì�ˆ�“�i���>�Ã���>���L�>�Ã�i�•�œ�>�`�]��
�`�i�«�i�˜�`�ˆ�˜�}���œ�˜���V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã�®�]�� 
rather than the conventional 
�Ã�Ì�À�>�Ì�i�}�Þ���œ�v���v�Õ�i�•�‡�Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}���L�>�Ã�i�`��
�œ�˜���V�Õ�À�À�i�˜�Ì���i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i��
�­�>�•�Ì�…�œ�Õ�}�…���Ì�…�i���w�i�•�`���Ì�À�ˆ�>�•���`�ˆ�`���˜�œ�Ì��
�Ì�i�Ã�Ì���Ì�…�ˆ�Ã���…�Þ�«�œ�Ì�…�i�Ã�ˆ�Ã�®�°

�‚�Õ�Ì�œ�“�>�Ì�i�`���v�Õ�i�•���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}��
for capacity reasons was also 
demonstrated on LPG homes 
�Ü�…�i�À�i���Ì�…�i���}�>�Ã���«�À�ˆ�V�i���Ü�>�Ã���“�Õ�V�…��
�…�ˆ�}�…�i�À���­�ˆ�°�i�°���Ì�…�i���…�i�>�Ì���«�Õ�“�«���ˆ�Ã���Ã�Ì�ˆ�•�•��
the cheapest way to heat the 
�…�œ�Õ�Ã�i�]���L�Õ�Ì���Ì�…�i���…�ˆ�}�…�i�À���«�œ�Ü�i�À��
output of the boiler is required 
to keep the house warm in cold 
�Ü�i�>�Ì�…�i�À�®�Æ���Ì�…�i���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•�Ã��
�“�>�Ý�ˆ�“�ˆ�Ã�i�`���Ì�…�i���…�i�>�Ì���«�Õ�“�«��
�œ�«�i�À�>�Ì�ˆ�œ�˜�]���i�Û�i�˜���ˆ�˜���Ì�…�i���V�œ�•�`�i�Ã�Ì��
�Ü�i�>�Ì�…�i�À�]���Ü�…�ˆ�•�i���>�Õ�Ì�œ�“�>�Ì�ˆ�V�>�•�•�Þ��
�}�Õ�>�À�>�˜�Ì�i�i�ˆ�˜�}���œ�V�V�Õ�«�>�˜�Ì�� 
�V�œ�“�v�œ�À�Ì���L�Þ���Õ�Ã�ˆ�˜�}���Ì�…�i���L�œ�ˆ�•�i�À�� 
when necessary.

PassivSystems hybridised heat 
�«�Õ�“�«�Ã���>�V�…�ˆ�i�Û�i�`���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ��
better SPFs (median 3.60 when 
�œ�«�Ì�ˆ�“�ˆ�Ã�i�`���v�œ�À���V�Õ�À�À�i�˜�Ì���}�>�Ã���«�À�ˆ�V�i�Ã�®��
than those of monovalent heat 
�«�Õ�“�«�Ã���ˆ�˜���œ�Ì�…�i�À���Ì�À�ˆ�>�•�Ã�]���•�>�À�}�i�•�Þ��
because the smart controls will 
only use the heat pump when 
the SPF is good enough.  It is 
essential that policymakers use 
�Ì�…�i���À�ˆ�}�…�Ì���i�v�w�V�ˆ�i�˜�V�Þ���w�}�Õ�À�i�Ã���Ü�…�i�˜��
�>�Ã�Ã�i�Ã�Ã�ˆ�˜�}���Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���v�œ�À���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�°

Peak electricity demand 
for hybrid heating systems 
(optimised for least consumer 
cost) occurs at 04:30 and 14:00, 
several hours earlier than 
previously assumed, and means 
�V�J�C�V���V�J�G�T�G���K�U���N�G�U�U���E�Q�P�ƒ�K�E�V���V�J�C�P��
previously believed with other 
load on the electricity grid 
(which peaks at 17:00—19:00). 
For the LPG homes (and likely 
�v�Õ�Ì�Õ�À�i���À�i�˜�i�Ü�>�L�•�i���}�>�Ã���Ã�V�i�˜�>�À�ˆ�œ�Ã�®��
�•�œ�>�`���ˆ�Ã���Û�i�À�Þ���y�>�Ì�°���*�À�i�Û�ˆ�œ�Õ�Ã���Ã�Ì�Õ�`�ˆ�i�Ã��
have assumed electricity demand 
�Ü�>�Ã���Ã�ˆ�“�ˆ�•�>�À���Ì�œ���}�>�Ã���L�œ�ˆ�•�i�À���…�i�>�Ì��
�`�i�“�>�˜�`���«�À�œ�w�•�i�Ã�]���Ü�…�ˆ�V�…���Ü�œ�Õ�•�`��
�L�i���}�À�œ�Ã�Ã�•�Þ���“�ˆ�Ã�•�i�>�`�ˆ�˜�}���v�œ�À���>�˜��
�œ�«�Ì�ˆ�“�ˆ�Ã�i�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�°

Prices need to be radically 
different from current rates to 
�ˆ�˜�V�i�˜�Ì�ˆ�Û�ˆ�Ã�i���…�i�>�Ì���«�Õ�“�«���Õ�Ã�>�}�i�°��
When control is optimised for 
�•�i�>�Ã�Ì���V�œ�˜�Ã�Õ�“�i�À���V�œ�Ã�Ì�]���Ì�…�i���}�>�Ã��
boiler still provides most of the 
house’s heat load: at today’s 
prices, the heat pump provides 
between 1% and 20% of the 
heat (depending on weather), 
and in the future high-price 
scenario the heat pump 
provides 38% to 48% of the 
heat.  In the LPG homes, which 
is most representative of future 
renewable gas prices, the heat 
pump carried 78% of heat 
demand over the winter.

3.19  Baseline performance  
�1�R�V�K�O�K�U�G�F���H�Q�T���E�Q�P�U�W�O�G�T���E�Q�U�V���C�P�F���E�Q�O�H�Q�T�V
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�2�C�U�U�K�X�5�[�U�V�G�O�U���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U���J�C�X�G���W�N�V�K�O�C�V�G���F�G�O�C�P�F���ƒ�G�Z�K�D�K�N�K�V�[���H�Q�T�� 
�V�W�T�P���F�Q�Y�P�����C�P�F���I�C�U���P�G�V�Y�Q�T�M�U���E�C�P���‚�N�N���V�J�G���I�C�R�����J�G�C�V���R�W�O�R���G�N�G�E�V�T�K�E�K�V�[���F�G�O�C�P�F�� 
can be reliably reduced to less than 20W per home within a few minutes if required, 
�N�C�U�V�K�P�I���K�P�F�G�‚�P�K�V�G�N�[�����Y�K�V�J�Q�W�V���K�O�R�C�E�V�K�P�I���Q�E�E�W�R�C�P�V���E�Q�O�H�Q�T�V�����)�C�U���F�G�O�C�P�F���K�P�E�T�G�C�U�G�U�� 
as a result but there has been no evidence that would result in pressure drops:  
the huge energy storage in the gas networks can be exploited. 

The project demonstrated  
that variable electricity tariffs  
can incentivise shifts in electricity 
�`�i�“�>�˜�`�]���«�À�œ�Û�ˆ�`�ˆ�˜�}���ˆ�˜�Ã�ˆ�}�…�Ì�� 
into the cost and value of 
�`�i�“�>�˜�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ�°

�*�œ�Ã�Ã�ˆ�L�•�Þ���v�œ�À���Ì�…�i���w�À�Ã�Ì���Ì�ˆ�“�i���i�Û�i�À�]��
PassivSystems has optimised a 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Õ�Ã�ˆ�˜�}���­�>�®��
�•�ˆ�Û�i���­�>�Û�i�À�>�}�i�®���V�>�À�L�œ�˜���v�œ�À�i�V�>�Ã�Ì�Ã��
�>�˜�`���­�L�®���•�ˆ�Û�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���“�>�À�Ž�i�Ì�� 
day-ahead auction prices.  
These scenarios resulted in  
�Ì�…�i���…�i�>�Ì�ˆ�˜�}���L�i�ˆ�˜�}���À�Õ�˜���v�œ�À�� 
(a) real net minimum carbon 
emissions and (b) real net 
wholesale electricity costs.

���Õ�V�…���“�œ�À�i���>�V�V�Õ�À�>�Ì�i�•�Þ�]���¿�“�>�À�}�ˆ�˜�>�•��
�V�>�À�L�œ�˜���«�À�ˆ�V�ˆ�˜�}�¿���…�>�Ã���L�i�i�˜���Õ�Ã�i�`���Ì�œ��
demonstrate how a gas boiler 
operating on natural gas can 
be used to avoid high carbon 
�K�P�V�G�P�U�K�V�[���C�P�F���N�Q�Y���G�H�‚�E�K�G�P�E�[�� 
(coal and gas peaking) 
electricity generation,  and thus 
how PassivSystems smart hybrid 

�Ã�Þ�Ã�Ì�i�“�Ã���>�Û�œ�ˆ�`���Ì�…�i���¿�L�>�V�Ž�w�À�ˆ�˜�}�¿���œ�v��
increased carbon emissions from 
�>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ì�œ���«�À�œ�`�Õ�V�i��
�Ì�…�i���i�Ý�Ì�À�>���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���À�i�µ�Õ�ˆ�À�i�`���L�Þ��
heat pumps.

The project has established 
that heat pumps can be used 
for frequency response services 
in the turn-down direction: 
although some heat pumps 
took up to 14 seconds in the 
trial, it is possible to turn them 
off remotely within 10 seconds.  
Heat pumps cannot be used for 
fast turn-up services as they take 
�>�«�«�À�œ�Ý�ˆ�“�>�Ì�i�•�Þ���x���“�ˆ�˜�Õ�Ì�i�Ã���Ì�œ���À�>�“�«��
up power consumption.

PassivSystems sophisticated 
�>�}�}�À�i�}�>�Ì�i���`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì��
capability has been successfully 
demonstrated on a portfolio of 
�>�L�œ�Õ�Ì���x�ä���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�°��
It showed that PassivSystems 
hybrid heating systems can 
operate without increasing 
the existing peak in 

electricity demand: �>�}�}�À�i�}�>�Ì�i��
�•�œ�>�`���ˆ�Ã���>�V�Ì�ˆ�Û�i�•�Þ���“�>�˜�>�}�i�`���Ã�œ���Ì�…�>�Ì��
the sum of heat pump demand 
and all other demand stays within 
�>���Ã�«�i�V�ˆ�w�i�`���`�i�“�>�˜�`���V�>�«�°���-�œ���>�Ì��
�Ì�…�i���Ì�ˆ�“�i���œ�v���«�i�>�Ž���`�i�“�>�˜�`�]���Ì�…�i��
�…�i�>�Ì���«�Õ�“�«�Ã���>�À�i���•�>�À�}�i�•�Þ���œ�v�v�]���>�˜�`��
�>�Ì���œ�Ì�…�i�À���Ì�ˆ�“�i�Ã���Ì�…�i�Þ���>�À�i���Õ�Ã�ˆ�˜�}��
�Ã�«�>�À�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���}�À�ˆ�`���V�>�«�>�V�ˆ�Ì�Þ��
�Ì�œ���`�i�V�>�À�L�œ�˜�ˆ�Ã�i���…�i�>�Ì�ˆ�˜�}���­�Ü�…�i�˜��
�“�>�À�}�ˆ�˜�>�•���Ã�œ�Õ�À�V�i�Ã���œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�À�i��
�•�œ�Ü���V�>�À�L�œ�˜�®�°�����œ�Õ�Ã�i�…�œ�•�`�i�À�Ã���>�À�i��
not impacted as comfort levels 
�>�À�i���“�>�ˆ�˜�Ì�>�ˆ�˜�i�`���L�Þ���Ì�…�i���}�>�Ã���L�œ�ˆ�•�i�À�Æ��
�>�˜�`���…�i�>�Ì���«�Õ�“�«���i�v�w�V�ˆ�i�˜�V�Þ���ˆ�Ã���˜�œ�Ì��
compromised by the demand 
�“�>�˜�>�}�i�“�i�˜�Ì�°��The current 
Freedom system can control 
aggregate demand within an 
accuracy of about 0.1 to 0.2 
kW/home  (with potential for 
�v�Õ�Ì�Õ�À�i���ˆ�“�«�À�œ�Û�i�“�i�˜�Ì�®�°

�����������&�G�O�C�P�F���ƒ�G�Z�K�D�K�N�K�V�[
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Freedom trial homes were maintained at the desired 
comfort levels for the vast majority of the time 
(within the constraints of the physical heating systems), 
and this comfort was provided at minimum running 
cost to the participants (evaluated for the scenario 
in operation) for the vast majority of the time.

�/�…�i�À�i���Ü�>�Ã���>���•�>�À�}�i�•�Þ���«�œ�Ã�ˆ�Ì�ˆ�Û�i��
response to PassivSystems’ 
�*�>�Ã�Ã�ˆ�Û���ˆ�Û�ˆ�˜�}���>�«�«�‡�L�>�Ã�i�`���…�i�>�Ì�ˆ�˜�}��
�V�œ�˜�Ì�À�œ�•�]���L�Õ�Ì���Ã�œ�“�i���V�œ�˜�Ã�Õ�“�i�À�Ã��
�Ã�Ì�À�Õ�}�}�•�i�`���Ü�ˆ�Ì�…���Ì�…�i���Ì�À�>�˜�Ã�ˆ�Ì�ˆ�œ�˜��
�v�À�œ�“���…�>�Û�ˆ�˜�}���`�ˆ�À�i�V�Ì���V�œ�˜�Ì�À�œ�•���­�œ�v��
�Ì�Õ�À�˜�ˆ�˜�}���Ì�…�i�ˆ�À���…�i�>�Ì�ˆ�˜�}���œ�˜���>�˜�`���œ�v�v�®��
�Ì�œ���Ã�«�i�V�ˆ�v�Þ�ˆ�˜�}���`�i�Ã�ˆ�À�i�`���V�œ�“�v�œ�À�Ì��
�•�i�Û�i�•�Ã���q���i�Û�i�˜���Ì�…�œ�Õ�}�…���Ì�…�i���•�>�Ì�Ì�i�À��
should in principle lead to better 
outcomes for them (both cost 
�Ã�>�Û�ˆ�˜�}���>�˜�`���L�i�Ì�Ì�i�À���V�œ�“�v�œ�À�Ì�®�°�����˜��
some cases this was due to a lack 
�œ�v���Õ�˜�`�i�À�Ã�Ì�>�˜�`�ˆ�˜�}���­�i�°�}�°���Ü�…�Þ���Ì�…�i��
�…�i�>�Ì���«�Õ�“�«���ˆ�Ã���À�Õ�˜�˜�ˆ�˜�}���œ�Õ�Ì�Ã�ˆ�`�i��
�Ì�…�i���Ì�ˆ�“�i�Ã���Ì�…�i�Þ���i�Ý�«�i�V�Ì�i�`�®�]���>�˜�`���ˆ�˜��
�œ�Ì�…�i�À�Ã���`�Õ�i���Ì�œ���˜�œ�Ì���…�>�Û�ˆ�˜�}���Ã�i�Ì���Õ�«��
�Ì�…�i���V�œ�“�v�œ�À�Ì���Ã�«�i�V�ˆ�w�V�>�Ì�ˆ�œ�˜���­�…�i�>�Ì�ˆ�˜�}��
�Ã�V�…�i�`�Õ�•�i�®���V�œ�À�À�i�V�Ì�•�Þ�°��

It is crucial that householders 
�v�i�i�•���ˆ�˜���V�œ�˜�Ì�À�œ�•���œ�v���Ì�…�i�ˆ�À���…�i�>�Ì�ˆ�˜�}�]��
otherwise they lose trust 
in the system early on and 
�`�œ���˜�œ�Ì���i�˜�}�>�}�i���ˆ�v���Ì�…�i�Þ���…�>�Û�i��
already made up their minds.  

�/�…�i�Ã�i���V�…�>�•�•�i�˜�}�i�Ã���>�À�i���v�Õ�˜�`�>�“�i�˜�Ì�>�•��
parts of the transition to cost-
�i�v�v�i�V�Ì�ˆ�Û�i���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���Ì�…�>�Ì��
incorporates heat pumps.

A few households had a 
strong preference for 'burst 
heating �¿���Ü�…�ˆ�V�…���ˆ�Ã���ˆ�˜�V�œ�“�«�>�Ì�ˆ�L�•�i��
�Ü�ˆ�Ì�…���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜���Õ�Ã�ˆ�˜�}���…�i�>�Ì��
pumps. In future this needs to be 
�Ã�i�i�˜���>�Ã���>�˜���i�Ý�Ì�À�>�Û�>�}�>�˜�V�i���­�«�i�À�…�>�«�Ã��
�Ã�i�À�Û�i�`���L�Þ���À�i�˜�i�Ü�>�L�•�i���}�>�Ã�®���À�>�Ì�…�i�À��
�Ì�…�>�˜���>�˜���i�˜�i�À�}�Þ���Ã�>�Û�ˆ�˜�}���“�i�>�Ã�Õ�À�i�Æ���ˆ�Ì��
�ˆ�Ã���V�…�>�•�•�i�˜�}�ˆ�˜�}���Ì�œ���V�œ�˜�Û�ˆ�˜�V�i���«�i�œ�«�•�i��
with heat pumps that they can 
�Ã�>�Û�i���“�œ�˜�i�Þ���L�Þ���À�Õ�˜�˜�ˆ�˜�}���Ì�…�i�ˆ�À��
�…�i�>�Ì�ˆ�˜�}���v�œ�À���•�œ�˜�}�i�À�°

Consumers perceived that 
�Ì�…�i���…�i�>�Ì���«�Õ�“�«�Ã���Ü�i�À�i���Õ�Ã�ˆ�˜�}��
much more electricity than 
�>�V�Ì�Õ�>�•���Õ�Ã�>�}�i�]���>�˜�`���Ü�i�À�i��
�œ�Û�i�À�V�œ�˜�w�`�i�˜�Ì���ˆ�˜���…�œ�Ü���V�…�>�˜�}�i�Ã��
�ˆ�˜���i�˜�i�À�}�Þ���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜���V�œ�Õ�•�`��
�L�i���`�i�Ì�i�À�“�ˆ�˜�i�`���v�À�œ�“���L�ˆ�•�•�ˆ�˜�}���>�˜�`��
meter reads. It is crucial that 
householders perceive they  
�>�À�i���“�>�Ž�ˆ�˜�}���Ã�>�Û�ˆ�˜�}�Ã�°

3.21 Consumer acceptability
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3.22 Next steps for PassivSystems

Improvements to the PassivLiving 
heating control app  that make it easier 
�v�œ�À���…�œ�Õ�Ã�i�…�œ�•�`�i�À�Ã���Ì�œ���V�œ�˜�Ì�À�œ�•���…�i�>�Ì�ˆ�˜�}���ˆ�˜��
�Ì�…�i���Ü�>�Þ���Ì�…�i�Þ���Ü�>�˜�Ì���Ì�œ�]���Õ�˜�`�i�À�Ã�Ì�>�˜�`���…�œ�Ü��
�Ì�œ���>�V�…�ˆ�i�Û�i���«�>�À�Ì�ˆ�V�Õ�•�>�À���}�œ�>�•�Ã�]���>�˜�`���…�>�Û�i��
�V�œ�˜�w�`�i�˜�V�i���Ì�…�>�Ì���Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���Ü�œ�À�Ž�ˆ�˜�}��

�V�œ�À�À�i�V�Ì�•�Þ���>�˜�`���`�i�•�ˆ�Û�i�À�ˆ�˜�}���Ã�>�Û�ˆ�˜�}�Ã�°�� 
This could be combined with a project 

�Ü�…�ˆ�V�…���ˆ�˜�V�•�Õ�`�i�Ã���>���Ã�Ì�À�œ�˜�}���V�œ�“�«�œ�˜�i�˜�Ì�� 
�œ�v���…�œ�Õ�Ã�i�…�œ�•�`�i�À���Ì�À�>�ˆ�˜�ˆ�˜�}�� 

and education.

�2�C�U�U�K�X�5�[�U�V�G�O�U���J�C�U���K�F�G�P�V�K�‚�G�F���V�J�G���H�Q�N�N�Q�Y�K�P�I���C�T�G�C�U���Y�J�K�E�J�� 
would merit further attention or enhancement in future work:

Improved modelling of the 
electricity consumption of 

heat pumps,  to provide more 
�>�V�V�Õ�À�>�Ì�i���v�œ�À�i�V�>�Ã�Ì�Ã���>�˜�`���“�>�˜�>�}�i��

demand more precisely.

Long-term testing of  
'RHI-optimised' operation  

and automatic management  
�Ì�œ���“�>�Ý�ˆ�“�ˆ�Ã�i���À�i�Û�i�˜�Õ�i���Ü�ˆ�Ì�…�ˆ�˜���Ì�…�i��

�`�i�“�>�˜�`���V�>�«�]���>�˜�`���Õ�˜�`�i�À�Ã�Ì�>�˜�`���Ì�…�i��
�ˆ�“�«�>�V�Ì���œ�˜���Ì�…�i���}�À�ˆ�`���>�˜�`���`�i�“�>�˜�`��

�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���ˆ�˜���Ì�…�ˆ�Ã���Ã�V�i�˜�>�À�ˆ�œ�°

Improved aggregate load 
management that addresses 

some of the anomalies observed 
�ˆ�˜���Ì�…�ˆ�Ã���Ì�À�ˆ�>�•�]���>�˜�`���À�i�w�˜�i�`���Ã�œ���Ì�…�>�Ì���ˆ�Ì��
�V�>�˜���>�V�Ì�ˆ�Û�i�•�Þ���À�i�>�V�Ì���Ì�œ���V�…�>�˜�}�i�Ã���>�˜�`��
keep demand robustly within the 

�Ã�«�i�V�ˆ�w�i�`���V�>�«�°

�'�Z�R�N�Q�T�C�V�K�Q�P���Q�H���‚�P�G�T���V�W�P�G�F���E�Q�P�V�T�Q�N��
of heat pumps, ���Ã�Õ�V�…���>�Ã���Ã�«�i�V�ˆ�v�Þ�ˆ�˜�}��
inverter frequency or modulation 

�•�i�Û�i�•�Ã�]���>�˜�`���Ì�…�i���«�œ�Ã�Ã�ˆ�L�•�i���L�i�˜�i�w�Ì�Ã���œ�v��
simultaneous heat pump and boiler 

�À�Õ�˜�˜�ˆ�˜�}�°�����˜���>�`�`�ˆ�Ì�ˆ�œ�˜�]���Ì�…�i��exploration 
�Q�H���‚�P�G�T���V�W�P�G�F���E�Q�P�V�T�Q�N���Q�H���D�Q�K�N�G�T�U�� 

�ˆ�˜�V�•�Õ�`�ˆ�˜�}���•�œ�>�`�‡�V�œ�“�«�i�˜�Ã�>�Ì�ˆ�œ�˜��
�“�œ�`�Õ�•�>�Ì�ˆ�œ�˜���>�˜�`���À�>�˜�}�i�‡�À�>�Ì�ˆ�˜�}���Ì�…�i��

�L�œ�ˆ�•�i�À���v�œ�À���Ì�…�i���Ã�«�>�V�i���…�i�>�Ì�ˆ�˜�}���`�i�“�>�˜�`��
of the home.
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One of the main aims of the Freedom Project was to demonstrate the 
potential for hybrid heating systems to decarbonise domestic heating in the UK. 
Heat pumps are generally lower carbon heat sources than gas boilers, but the 
impact they have on the electricity grid during times of peak demand is a huge 
barrier to their wide-scale deployment. 

�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ã�œ�•�Û�i���Ì�…�ˆ�Ã��
�«�À�œ�L�•�i�“�]���>�Ã���Ì�…�i�Þ���V�>�˜���L�À�ˆ�˜�}���ˆ�˜�Ì�œ��
�«�•�>�Þ���Ì�…�i���…�Õ�}�i���i�˜�i�À�}�Þ���Ã�Ì�œ�À�>�}�i���ˆ�˜��
�Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�]���L�Þ���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}��
�Ì�œ���}�>�Ã���L�œ�ˆ�•�i�À�Ã���>�Ì���Ì�ˆ�“�i�Ã���œ�v���«�i�>�Ž��
�`�i�“�>�˜�`�]���œ�À���>�Ì���Ì�ˆ�“�i�Ã���Ü�…�i�˜���Ì�…�i��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���˜�i�Ì�Ü�œ�À�Ž���…�>�Ã���…�ˆ�}�…��
carbon intensity. This capability 
�ˆ�Ã���V�œ�“�«�•�i�Ì�i�•�Þ���À�i�•�ˆ�>�˜�Ì���œ�˜���…�>�Û�ˆ�˜�}��
�>���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•���Ã�Þ�Ã�Ì�i�“���ˆ�˜���«�•�>�V�i�]��
which can coordinate operation 
in individual homes with the 
�˜�i�Ì�Ü�œ�À�Ž�‡�•�i�Û�i�•���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã�]���>�Ì��
�Ì�…�i���Ã�>�“�i���Ì�ˆ�“�i���>�Ã���i�˜�Ã�Õ�À�ˆ�˜�}���Ì�…�>�Ì��
householders are provided with 
the levels of thermal comfort they 
�˜�i�i�`�]���>�Ì���•�i�>�Ã�Ì���w�˜�>�˜�V�ˆ�>�•���V�œ�Ã�Ì�°

�
�Õ�À�À�i�˜�Ì���}�>�Ã���>�˜�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�ˆ�V�i�Ã��
�>�À�i���…�Õ�}�i�•�Þ���Õ�˜�À�i�«�À�i�Ã�i�˜�Ì�>�Ì�ˆ�Û�i���œ�v��
their relative carbon emissions. 
�1�Ã�ˆ�˜�}���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�½���œ�«�Ì�ˆ�“�ˆ�Ã�i�`��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ì�œ��
minimise carbon will currently 
result in the heat pump hardly 
�L�i�ˆ�˜�}���Õ�Ã�i�`���Õ�˜�Ì�ˆ�•���Ü�ˆ�˜�Ì�i�À�� 
�V�œ�>�•�‡�w�À�i�`���«�•�>�˜�Ì�Ã���>�À�i���À�i�“�œ�Û�i�`��
�>�˜�`���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�Ã�œ�Õ�À�V�i�Ã���}�À�œ�Ü���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���Ì�œ��
�`�i�V�>�À�L�œ�˜�ˆ�Ã�i���L�i�Þ�œ�˜�`���i�Ý�ˆ�Ã�Ì�ˆ�˜�}��

�•�œ�>�`���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã�°���‚�•�Ã�œ�]��
�œ�«�Ì�ˆ�“�ˆ�Ã�ˆ�˜�}���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“���>�V�V�œ�À�`�ˆ�˜�}���Ì�œ���V�Õ�À�À�i�˜�Ì��
fuel prices will hardly use the 
�…�i�>�Ì���«�Õ�“�«�]���i�Ý�V�i�«�Ì���v�œ�À���Ã�œ�“�i��
top-up in milder conditions. 
�/�…�i���i�Ý�V�i�«�Ì�ˆ�œ�˜���ˆ�Ã���œ�v�v�‡�}�>�Ã�‡�}�À�ˆ�`��
�…�œ�“�i�Ã���­�œ�˜���œ�ˆ�•���œ�À�����*���®���Ü�…�i�À�i���>��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���V�>�˜���œ�v�v�i�À��
�ˆ�“�“�i�`�ˆ�>�Ì�i���>�˜�`���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���Ã�>�Û�ˆ�˜�}�Ã��
�ˆ�˜���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì�Ã���>�˜�`���L�i���À�i�>�`�Þ���Ì�œ��
decarbonise substantially with 
�>���}�À�i�i�˜�i�À���«�œ�Ü�i�À���}�À�ˆ�`�°�����˜�•�i�V�Ì�ˆ�˜�}��
�“�œ�À�i���À�i�˜�i�Ü�>�L�•�i���}�>�Ã���ˆ�˜�Ì�œ���Ì�…�i��
�˜�i�Ì�Ü�œ�À�Ž���…�>�Ã���Ã�ˆ�“�ˆ�•�>�À���œ�Õ�Ì�V�œ�“�i�Ã�]���>�Ã��
�V�œ�Ã�Ì�Ã���Ã�Ì�>�À�Ì���Ì�œ���L�i�Ì�Ì�i�À���À�i�y�i�V�Ì���V�>�À�L�œ�˜��
intensity. The Renewable Heat 
���˜�V�i�˜�Ì�ˆ�Û�i���}�œ�i�Ã���Ã�œ�“�i���Ü�>�Þ���Ì�œ�Ü�>�À�`�Ã��
�>�`�`�À�i�Ã�Ã�ˆ�˜�}���Ì�…�i���«�À�ˆ�V�i���ˆ�“�L�>�•�>�˜�V�i�]��
but contains no requirement 
for heat pumps to have smart 
�V�œ�˜�Ì�À�œ�•�Ã�]���Ü�…�ˆ�V�…���“�i�>�˜�Ã���Ì�…�>�Ì���Ì�…�i��
�Ì�À�Õ�i���L�i�˜�i�w�Ì�Ã���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems will not currently  
be realised.

�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���…�Þ�L�À�ˆ�`�� 
�…�i�>�Ì�ˆ�˜�}���Ì�i�V�…�˜�œ�•�œ�}�Þ���ˆ�Ã���À�i�>�`�Þ���v�œ�À��
wide-scale deployment and this 
project has shown that only small 
�­�x�Ž�7�®���…�i�>�Ì���«�Õ�“�«�Ã���>�À�i���•�ˆ�Ž�i�•�Þ���Ì�œ��

�L�i���À�i�µ�Õ�ˆ�À�i�`�]���>�˜�`���À�i�Ì�À�œ�w�Ì�Ì�ˆ�˜�}��
�Ì�…�i�“���Ì�œ���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���L�œ�ˆ�•�i�À���Ã�Þ�Ã�Ì�i�“�Ã��
�ˆ�Ã���“�œ�À�i���Ã�Ì�À�>�ˆ�}�…�Ì�v�œ�À�Ü�>�À�`���Ì�…�>�˜���œ�˜�i��
�“�ˆ�}�…�Ì���i�Ý�«�i�V�Ì�°���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã��
�Ã�“�>�À�Ì�]���œ�«�Ì�ˆ�“�ˆ�Ã�i�`���V�œ�˜�Ì�À�œ�•���œ�v��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ü�œ�À�Ž�Ã��
�Ü�i�•�•�]���>�˜�`���V�>�˜���`�i�•�ˆ�Û�i�À���À�i�•�ˆ�>�L�•�i��
�V�œ�“�v�œ�À�Ì�]���V�…�i�>�«�i�À���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì�Ã��
and better outcomes for the 
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���}�À�ˆ�`�°���/�…�i���Ü�i�>�Ž�i�Ã�Ì��
link in the chain are the heat 
�«�Õ�“�«�Ã���Ì�…�i�“�Ã�i�•�Û�i�Ã�]���Ü�…�ˆ�V�…���>�À�i���˜�œ�Ì��
�}�i�˜�i�À�>�•�•�Þ���À�i�>�`�Þ���v�œ�À���Ã�“�>�À�Ì���`�ˆ�}�ˆ�Ì�>�•��
control: manufacturers need to 
be incentivised to provide open 
interfaces with the appropriate 
level of control; similar can be 
said of boilers too so that they 
can also be smart hybrid-ready 
for third-party optimised control. 
���ˆ�˜�>�•�•�Þ�]���v�œ�À���>���˜�i�Ü���Ì�i�V�…�˜�œ�•�œ�}�Þ��
�Ì�œ���Ã�Õ�V�V�i�i�`�]���ˆ�Ì���ˆ�Ã���V�À�Õ�V�ˆ�>�•���Ì�…�>�Ì��
consumers are fully on board: 
they need to feel in control of 
�Ì�…�i�ˆ�À���Ì�…�i�À�“�>�•���V�œ�“�v�œ�À�Ì�]���>�˜�`���Ì�À�Õ�Ã�Ì��
�Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ì�œ���À�Õ�˜���Ì�…�i�ˆ�À���…�i�>�Ì�ˆ�˜�}��
in their best interests; this can 
�L�i���>���V�…�>�•�•�i�˜�}�i���Ü�…�i�˜���L�i�…�>�Û�ˆ�œ�Õ�À��
�«�>�Ì�Ì�i�À�˜�Ã���˜�i�i�`���Ì�œ���V�…�>�˜�}�i�� 
and consequences are  
counter-intuitive.

3.23 Conclusions by PassivSystems

4.  PassivSystems 
optimised  
hybrid heating 
system controls
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PassivSystems has developed Predictive Demand Control (PDC) technology;  
the system learns the detailed thermal response of a property, and builds a  
physics model of the house and heating system. Using this model, it can optimise 
the performance of the heating system over the upcoming day, and predict the  
control strategy that is required to minimise energy consumption while meeting  
the comfort demands of the occupiers at the lowest possible cost.

4.1  PassivSystems optimised controls

4 .   PA S S I V S Y S T E M S  O P T I M I S E D  H Y B R I D  H E AT I N G  S Y S T E M  C O N T R O L S

As well as being able to optimise the performance of 
heat pumps, predictive control enables comprehensive 
functionality for demand management and varying 
energy prices: building thermal inertia can be exploited 
to store energy. Demand is automatically shifted in 
order to take advantage of the lowest prices, while 
�‚�V�V�K�P�I���Y�K�V�J�K�P���F�G�O�C�P�F���E�Q�P�U�V�T�C�K�P�V�U���C�P�F���G�P�U�W�T�K�P�I���V�J�C�V�� 
the comfort requirements of occupants is met. 
Decisions are made on the basis of quantitative  
trade-offs between storing heat in the fabric of  
the building, the additional heat losses incurred  
and any discomfort for the occupants. 

4.2  Demand response  
with predictive control

1 2

For example, when applied to heat pumps, PDC enables the  
right 'overnight setback' strategy to be chosen. Conventionally, 
heat pumps are controlled in one of two very different ways:

 

On a time-switch/programmer, 
which often results in the heat 
�«�Õ�“�«���À�Õ�˜�˜�ˆ�˜�}���v�œ�À���…�œ�Õ�À�Ã���>�Ì���>�˜��
�ˆ�˜�i�v�w�V�ˆ�i�˜�Ì�•�Þ���…�ˆ�}�…���…�i�>�Ì�ˆ�˜�}���Ü�>�Ì�i�À��
�Ì�i�“�«�i�À�>�Ì�Õ�À�i���­�i�°�}�°���ˆ�˜���œ�À�`�i�À���Ì�œ�� 
�…�i�>�Ì���>���…�œ�Õ�Ã�i���L�>�V�Ž���Õ�«���>�}�>�ˆ�˜�� 
�ˆ�˜���Ì�…�i���“�œ�À�˜�ˆ�˜�}�®

On a constant  
weather-compensated 
heating water temperature, 
which results in unnecessary 
�œ�Û�i�À�˜�ˆ�}�…�Ì���…�i�>�Ì���•�œ�Ã�Ã���­�>�˜�`���ˆ�Ã��
compounded by installers 
�v�À�i�µ�Õ�i�˜�Ì�•�Þ���V�…�œ�œ�Ã�ˆ�˜�}�� 
�Õ�˜�˜�i�V�i�Ã�Ã�>�À�ˆ�•�Þ���…�ˆ�}�…���Ã�i�Ì�Ì�ˆ�˜�}�Ã�®

�*���
���V�…�œ�œ�Ã�i�Ã���i�Ý�>�V�Ì�•�Þ���Ì�…�i���À�ˆ�}�…�Ì���V�œ�“�«�À�œ�“�ˆ�Ã�i���L�i�Ì�Ü�i�i�˜���Ì�…�i�Ã�i���Ì�Ü�œ��
�i�Ý�Ì�À�i�“�i�Ã�\���Ž�i�i�«�ˆ�˜�}���Ì�…�i���…�i�>�Ì���«�Õ�“�«���À�Õ�˜�˜�ˆ�˜�}���}�i�˜�Ì�•�Þ�]���L�Õ�Ì���À�>�“�«�ˆ�˜�}���Õ�«��
�Ã�•�œ�Ü�•�Þ���Ì�…�À�œ�Õ�}�…�œ�Õ�Ì���Ì�…�i���˜�ˆ�}�…�Ì���Õ�Ã�ˆ�˜�}���>���`�Þ�˜�>�“�ˆ�V�>�•�•�Þ���V�œ�˜�Ì�À�œ�•�•�i�`���y�œ�Ü��
�Ì�i�“�«�i�À�>�Ì�Õ�À�i�°���/�…�ˆ�Ã���>�•�•�œ�Ü�Ã���Ì�…�i���…�œ�Õ�Ã�i���Ì�œ���V�œ�œ�•���Ã�•�ˆ�}�…�Ì�•�Þ�]���À�i�`�Õ�V�ˆ�˜�}���Ì�…�i�À�“�>�•��
�•�œ�Ã�Ã�i�Ã�]���Ü�…�ˆ�•�i���Ž�i�i�«�ˆ�˜�}���Ì�…�i���…�i�>�Ì���«�Õ�“�«���À�Õ�˜�˜�ˆ�˜�}���>�Ì���Ì�…�i���•�œ�Ü�i�Ã�Ì���«�œ�Ã�Ã�ˆ�L�•�i��
�Ì�i�“�«�i�À�>�Ì�Õ�À�i�°���
�À�ˆ�Ì�ˆ�V�>�•�•�Þ�]���Ì�…�i���Ã�Ì�À�>�Ì�i�}�Þ���ˆ�Ã���>�Õ�Ì�œ�“�>�Ì�ˆ�V�>�•�•�Þ���Ì�Õ�˜�i�`���Ì�œ���Ì�…�i���…�œ�Õ�Ã�i��
�Ã�œ�]���v�œ�À���i�Ý�>�“�«�•�i�]���Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ü�œ�Õ�•�`���V�…�œ�œ�Ã�i���V�œ�˜�Ì�ˆ�˜�Õ�œ�Õ�Ã���…�i�>�Ì�ˆ�˜�}���v�œ�À���>��
�Ã�•�œ�Ü���À�i�Ã�«�œ�˜�`�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Ã�Õ�V�…���>�Ã���Õ�˜�`�i�À�y�œ�œ�À���…�i�>�Ì�ˆ�˜�}�]���œ�À���Ì�Õ�À�˜���œ�v�v�� 
�v�œ�À���Ã�œ�“�i���œ�v���Ì�…�i���˜�ˆ�}�…�Ì���ˆ�v���Ì�…�i���…�œ�Õ�Ã�i���>�«�«�i�>�À�Ã���Ì�œ���•�œ�Ã�i���…�i�>�Ì���µ�Õ�ˆ�V�Ž�•�Þ�°

�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���*���
���V�>�˜���>�•�Ã�œ���i�Ã�Ã�i�˜�Ì�ˆ�>�•�•�Þ���Ã�i�•�v�‡�`�ˆ�>�}�˜�œ�Ã�i���V�œ�Ã�Ì�‡�i�v�w�V�ˆ�i�˜�Ì��
demand reduction measures that could be applied to the home to 
�ˆ�˜�V�À�i�>�Ã�i���v�>�L�À�ˆ�V���Ã�Ì�œ�À�>�}�i���>�˜�`���Ì�…�Õ�Ã���>�Û�>�ˆ�•�>�L�•�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�˜�`���v�Õ�À�Ì�…�i�À���À�i�`�Õ�V�i�� 
the cost of heat to customers.
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4.3  PassivSystems optimised  
control of hybrid heating systems

Conventional control systems for hybrid heating systems usually simply transition 
between electricity and gas on the basis of the current external temperature, 
sometimes with a temperature range of simultaneous operation. 

�/�…�i���Ã�Þ�Ã�Ì�i�“�Ã���V�>�•�V�Õ�•�>�Ì�i���Ì�…�i���i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i���>�Ì���Ü�…�ˆ�V�…���Ì�…�i���…�i�>�Ì���«�Õ�“�«���«�À�œ�`�Õ�V�i�Ã���…�i�>�Ì���>�Ì���Ì�…�i���Ã�>�“�i���«�À�ˆ�V�i 
�>�Ã���Ì�…�i���}�>�Ã���L�œ�ˆ�•�i�À�]���`�Õ�i���Ì�œ���Ì�…�i���V�œ�i�v�w�V�ˆ�i�˜�Ì�‡�œ�v�‡�«�i�À�v�œ�À�“�>�˜�V�i���­�
�"�*�®���`�À�œ�«�«�ˆ�˜�}���>�Ì���•�œ�Ü�i�À���i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i�Ã�°��
�/�…�ˆ�Ã���ˆ�Ã���>���˜�>�Ì�Õ�À�>�•���i�Ý�Ì�i�˜�Ã�ˆ�œ�˜���œ�v���Ü�i�>�Ì�…�i�À�‡�V�œ�“�«�i�˜�Ã�>�Ì�i�`���V�œ�˜�Ì�À�œ�•�]���Ü�…�ˆ�V�…���>�Ã�Ã�Õ�“�i�Ã���>���Ã�Ì�>�Ì�ˆ�V���…�i�>�Ì���•�œ�>�`�°��

�/�…�i�����À�i�i�`�œ�“���*�À�œ�•�i�V�Ì���Õ�Ã�i�`���>���`�Þ�˜�>�“�ˆ�V���V�œ�˜�Ì�À�œ�•���>�«�«�À�œ�>�V�…���v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ì�…�>�Ì���Ü�œ�À�Ž�Ã���L�i�Ì�Ì�i�À���Ì�…�>�˜��
�Ì�…�i���V�œ�˜�Û�i�˜�Ì�ˆ�œ�˜�>�•���¿�i�Ý�Ì�i�À�˜�>�•���Ì�À�>�˜�Ã�ˆ�Ì�ˆ�œ�˜���Ì�i�“�«�i�À�>�Ì�Õ�À�i�¿���>�«�«�À�œ�>�V�…�\���Ì�…�i���…�i�>�Ì�ˆ�˜�}���Ü�>�Ì�i�À���Ì�i�“�«�i�À�>�Ì�Õ�À�i���>�v�v�i�V�Ì�Ã���
�"�*�� 
�>�Ã���“�Õ�V�…���>�Ã���Ì�…�i���i�Ý�Ì�i�À�˜�>�•���Ì�i�“�«�i�À�>�Ì�Õ�À�i�°

4.4  Customer feedback on 
PassivSystems optimised controls

The controls and (in particular) the PassivLiving app were a key success of the trial. 
Customers engaged with them readily and easily and the remote control aspect had 
high appeal. The app provided data and guidance to give consumers reassurance 
and help them understand when and how different parts of their hybrid heating 
system are working. There is scope to extend this work to minimise concerns over 
future billing and maintenance call outs (e.g. by reassuring consumers over the 
responsiveness to temperature changes). 

The vast majority of respondents 
�Õ�Ã�i�`���Ì�…�i���*�>�Ã�Ã�ˆ�Û���ˆ�Û�ˆ�˜�}���>�«�«���Ì�œ��
�“�>�˜�>�}�i���Ì�…�i�ˆ�À���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
rather than the in-home controls. 
�/�…�ˆ�Ã���ˆ�Ã���˜�œ�Ì���Õ�˜�i�Ý�«�i�V�Ì�i�`�]���}�ˆ�Û�i�˜��
the convenience and ubiquitous 
nature of the smartphone. 

Nevertheless both the 
�*�>�Ã�Ã�ˆ�Û���ˆ�Û�ˆ�˜�}���>�«�«���>�˜�`���Ì�…�i���ˆ�˜�‡�…�œ�“�i��
�V�œ�˜�Ì�À�œ�•�Ã���Ü�i�À�i���À�>�Ì�i�`���…�ˆ�}�…�•�Þ���>�˜�`��
�Ì�…�i���Õ�Ã�i�À���i�Ý�«�i�À�ˆ�i�˜�V�i���v�œ�À���Ì�…�œ�Ã�i���Ì�…�>�Ì��
did use the in-home control was 
positive (see Figure 18). Very few 
�V�Õ�Ã�Ì�œ�“�i�À�Ã���Õ�Ã�i�`���Ì�…�i���Ü�i�L�Ã�ˆ�Ì�i�] 

but it was useful to those that did 
use it and so it should continue to 
be available to ensure customers 
have plenty of choice on how to 
view their data. 

Figure 18: PassivSystems optimised control feedback

The in-home controls were 
mainly used as a back-up to 
the app or to override the 
current heating system setting 

– thus providing customers with 
peace of mind. 

In particular they are needed  
�v�œ�À���V�Õ�Ã�Ì�œ�“�i�À���«�i�>�V�i���œ�v���“�ˆ�˜�`�]�� 
in case the system needs to be 
over-ridden or the app fails. 

�/�…�i�À�i�v�œ�À�i�]���Ü�…�ˆ�•�Ã�Ì���Ì�…�i�Þ���“�>�Þ��
�L�i���Õ�Ã�i�`���ˆ�˜�v�À�i�µ�Õ�i�˜�Ì�•�Þ�]���ˆ�Ì���ˆ�Ã��
recommended that the in-home 
controls still form part of the 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Ã�i�Ì�‡�Õ�«�° 
 

Only two Focus Group 
participants used the website 

�/�…�Õ�Ã�]���Ü�…�ˆ�•�i���ˆ�Ì���“�>�Þ���L�i���>���Õ�Ã�i�v�Õ�•��
medium to convey information it 
has not been heavily used by the 
trial participants.
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Very easy 
to use

The Focus Group participants rated the in-home 
controls as typically ‘very‘ or quite easy to use*

Q: How easy is it to use the in-home heating system controls?
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"They're just 
there and they 

do their job"

"The thermostat 
is very easy  
to control"
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The primary concern relating to the heating controls was the responsiveness  
or accuracy of the system to set temperature levels. This may be due to an 
operational problem with the system, or a lack of participant understanding  
of how the system works and how the levels and ranges are set, indicating the  
need for further up-front provision of information and ongoing access to support  
on the system operation. 

Respondents stated they understood how to use the controls at the point of installation  

���œ�Ü�i�Û�i�À���>�Ã���Ì�…�i���Ì�À�ˆ�>�•���V�œ�˜�Ì�ˆ�˜�Õ�i�`�]���Ì�…�i�À�i���Ü�>�Ã���Ã�œ�“�i���v�i�i�`�L�>�V�Ž���Ì�…�>�Ì���“�œ�À�i���ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜���Ü�œ�Õ�•�`���L�i���Õ�Ã�i�v�Õ�•�]���ˆ�˜���œ�À�`�i�À��
for participants to refer back to it. This is particularly important if the in-home control is used infrequently. 
�/�…�ˆ�Ã���V�œ�Õ�•�`���L�i���À�i�•�>�Ì�ˆ�Û�i�•�Þ���L�>�Ã�ˆ�V�]���>�˜�`���Ì�…�i��Focus Group participants stated that a simple instruction booklet 
would have been a useful addition. This could reduce the number of customer enquiries and potentially 
minimise calls for assistance for simple operational / control problems. 

There are some simple 
improvements that could be 
�“�>�`�i���Ì�œ���Ì�…�i���V�œ�˜�Ì�À�œ�•�Ã�]���>�˜�`���Ì�…�i��
�Ã�i�Ì�‡�«�œ�ˆ�˜�Ì���Ì�i�“�«�i�À�>�Ì�Õ�À�i���“�ˆ�}�…�Ì��
�À�i�µ�Õ�ˆ�À�i���v�Õ�À�Ì�…�i�À���i�Ý�«�•�œ�À�>�Ì�ˆ�œ�˜�\

•  More information displayed 
to the customer on fuel 
type and temperature. More 
�Ã�«�i�V�ˆ�w�V�>�•�•�Þ�\���­�£�®���Ã�Þ�“�L�œ�•�Ã�]��
readily seen and understood 
�¼�>�Ì���>���}�•�>�˜�V�i�½���Ã�…�œ�Õ�•�`���L�i���>�`�`�i�`��
�Ì�œ���ˆ�˜�`�ˆ�V�>�Ì�i���Ü�…�>�Ì���v�Õ�i�•���ˆ�Ã���L�i�ˆ�˜�}��
�Õ�Ã�i�`�]���>�˜�`���­�Ó�®���>���`�ˆ�Ã�«�•�>�Þ���œ�v��
what the room temperature 
�ˆ�Ã�]���ˆ�˜���>�`�`�ˆ�Ì�ˆ�œ�˜���Ì�œ���Ü�…�>�Ì���ˆ�Ì���ˆ�Ã��
�Ã�i�Ì���>�Ì�°�����Õ�À�ˆ�˜�}���Ì�…�i���Ì�À�ˆ�>�•���Ì�…�i�À�i��
was some confusion over the 
set-point temperature and 
when the ASHP element was 
�Ü�œ�À�Ž�ˆ�˜�}���­�Ã�œ�“�i���V�Õ�Ã�Ì�œ�“�i�À�Ã��
went outside to check as they 
�Ì�…�œ�Õ�}�…�Ì���Ì�…�ˆ�Ã���Ü�>�Ã���Ì�…�i���œ�˜�•�Þ���Ü�>�Þ��
�Ì�œ���Ì�i�•�•�®�°��

�U�� ���/�ˆ�}�…�Ì�i�À���Ì�i�“�«�i�À�>�Ì�Õ�À�i���V�œ�˜�Ì�À�œ�•�°��
It was the perception of a 
number of trial participants 
that the controls were 
�˜�œ�Ì���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���i�˜�œ�Õ�}�…�°��
In particular around the 
�Ì�i�“�«�i�À�>�Ì�Õ�À�i���Ã�i�Ì�«�œ�ˆ�˜�Ì���­�i�°�}�°���ˆ�v��
�Ì�…�i���Ì�i�“�«�i�À�>�Ì�Õ�À�i���Ü�>�Ã���Ã�i�Ì���>�Ì���£�n�]��
the internal room temperature 
�Ü�œ�Õ�•�`���y�Õ�V�Ì�Õ�>�Ì�i���L�i�Ì�Ü�i�i�˜���£�È��
�>�˜�`���Ó�ä�®�°���/�…�ˆ�Ã���V�œ�Õ�•�`���L�i���`�Õ�i�]��
�ˆ�˜���Ã�œ�“�i���V�>�Ã�i�Ã�]���Ì�œ���Ì�…�i���Ã�ˆ�Ì�ˆ�˜�}��
of the thermostat in a cooler 
or warmer room in the house 
�­�À�i�Ã�Õ�•�Ì�ˆ�˜�}���ˆ�˜���œ�Û�i�À�…�i�>�Ì�ˆ�˜�}��
�œ�À���Õ�˜�`�i�À�…�i�>�Ì�ˆ�˜�}�®���œ�À���`�Õ�i���Ì�œ��
misuse by the participant. 
Some customers also queried 
why their setpoint was not 
�L�i�ˆ�˜�}���>�V�…�ˆ�i�Û�i�`���Ü�…�i�˜���Ì�…�i��
room temperature was within 
�ä�°�x���`�i�}�À�i�i�Ã���œ�v���Ì�…�i�ˆ�À���Ã�i�Ì�«�œ�ˆ�˜�Ì�]��
which shows that the provision 
�œ�v���`�>�Ì�>���ˆ�Ã���}�ˆ�Û�ˆ�˜�}���>���«�i�À�V�i�ˆ�Û�i�`��
�`�ˆ�Ã�Ã�>�Ì�ˆ�Ã�v�>�V�Ì�ˆ�œ�˜���v�À�œ�“���…�i�>�Ì�ˆ�˜�}��
system performance

•  Improved reception and  
Wi-Fi connectivity. There  
were some issues on the 
trial with participants 
�V�•�>�ˆ�“�ˆ�˜�}���Ì�…�>�Ì���Ì�…�i�Þ���V�œ�Õ�•�`���˜�œ�Ì��
sustain connection between 
�Ì�…�i���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�]���Ì�…�i��
thermostat and the controls.  
It is unclear here whether this 
is a real or perceived issue. 

4.5  PassivSystems optimised  
control improvements 
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Figure 19: PassivSystems' smart hybrid control feedback

90% said the controls were 
explained to them 87% understood  

this explanation

Yes 84%

No 14%

I don’t know 2%

The vast majority of trial participants use 
the app for temperature control

Q: Do you use the app to control the temperature in your home? Q: Do you use the app to control the temperature in your home?

More than three-quarters or the trial participants
found the app ‘easy‘ or ‘very easy‘ to use

10%

20%

30%

40%

50%

60%

Very easy Easy Neither easy 
nor difficult

0
Difficult Very difficult  

These were two primary drivers 
for high customer satisfaction:

Simple and intuitive to use

Remote control of  
�œ�˜�i�¿�Ã���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã

"The fact that 
you can remotely 
control it if you 

intend going home 
a bit earlier...you 
can override it, 
even boost it..."

"Since they've 
updated the app 
you can now see 
the source of the 
heat which is so 

useful."

"We might decide 
to stay overnight, 

something like that, 
so I could just go 

(indicates pressing the 
app) and override it, 
which is brilliant..."

"It's pretty simple to 
use. You get a visual of 
the temperature in the 

middle so you know 
what you're doing. You 

can't really make a 
mistake."
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4.6  PassivSystems optimised  
�E�Q�P�V�T�Q�N���M�G�[���‚�P�F�K�P�I�U
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  The in-home controls and app were consistently rated highly 
by customers;  both were considered easy to use (see Figure 19).

  The in-home controls were not used as frequently as the app. 
Their main purpose is a secondary control if the app is 
�Õ�˜�>�Û�>�ˆ�•�>�L�•�i�°�����œ�Ü�i�Û�i�À�]���`�Õ�i���Ì�œ���«�œ�Ì�i�˜�Ì�ˆ�>�•���ˆ�˜�v�À�i�µ�Õ�i�˜�Ì���Õ�Ã�i�] 
the controls need to be simple and easy to understand 
�q���V�Õ�Ã�Ì�œ�“�i�À�Ã���v�œ�À�}�œ�Ì���Ì�…�i���ˆ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜���Ì�…�i�Þ���À�i�V�i�ˆ�Û�i�`���>�Ì���ˆ�˜�Ã�Ì�>�•�•�°

  The app has been one of the customer’s favourite features 
of the whole hybrid heating system.  In particular remote 
�V�œ�˜�Ì�À�œ�•���…�>�Ã���…�ˆ�}�…���>�«�«�i�>�•�°

  Both the controls and the app can play a role in improving 
�E�W�U�V�Q�O�G�T���E�Q�P�‚�F�G�P�E�G�����/�…�i�Þ���˜�i�i�`���Ì�œ���«�À�œ�Û�ˆ�`�i���i�˜�œ�Õ�}�…���`�>�Ì�>���Ì�…�>�Ì��
�À�i�>�Ã�Ã�Õ�À�i�Ã���V�Õ�Ã�Ì�œ�“�i�À�Ã���Ì�…�i�ˆ�À���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���Ü�œ�À�Ž�ˆ�˜�}���V�œ�À�À�i�V�Ì�•�Þ���Ü�ˆ�Ì�…�œ�Õ�Ì��
�L�i�ˆ�˜�}���œ�Û�i�À�•�Þ���V�œ�“�«�•�i�Ý�°

4.7  PassivSystems optimised  
control recommendations

•  As previously mentioned – a ‘smart’ app should be included 
in any bundle sale for a hybrid heating system  as it may support 
increased uptake. 

�U�� ���/�…�i���ˆ�˜�V�•�Õ�Ã�ˆ�œ�˜���œ�v���Ì�…�i���*�>�Ã�Ã�ˆ�Û���ˆ�Û�ˆ�˜�}���>�«�«���V�>�˜���>�•�Ã�œ��reassure customers 
their system is working,  especially if it includes information on 
�Ì�…�i���v�Õ�i�•���L�i�ˆ�˜�}���Õ�Ã�i�`���œ�À���Ü�…�i�˜���Ì�…�i���…�i�>�Ì���«�Õ�“�«���ˆ�Ã���œ�«�i�À�>�Ì�ˆ�˜�}�°��

•  Consider introducing different ‘levels’ of control.  Some 
�V�Õ�Ã�Ì�œ�“�i�À�Ã���>�À�i���À�i�>�•�•�Þ���i�˜�}�>�}�i�`���>�˜�`���Ü�>�˜�Ì���>���•�œ�Ì���œ�v���ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜�]���>�˜�`���Ã�œ��
�ˆ�Ì���“�ˆ�}�…�Ì���L�i���«�œ�Ã�Ã�ˆ�L�•�i���Ì�œ���…�>�Û�i���`�ˆ�v�v�i�À�i�˜�Ì���¼�•�i�Û�i�•�Ã�½���œ�v���V�œ�˜�Ì�À�œ�•���v�œ�À���`�ˆ�v�v�i�À�i�˜�Ì��
types of user. This could include a basic control where those 
�•�i�Ã�Ã���i�˜�}�>�}�i�`���>�À�i���V�œ�˜�w�`�i�˜�Ì���Ì�…�>�Ì���Ì�…�i�Þ���Ü�œ�˜�½�Ì���Ã�œ�“�i�…�œ�Ü���¼�L�À�i�>�Ž���Ì�…�i��
�Ã�Þ�Ã�Ì�i�“�½�]���Ü�…�ˆ�V�…���“�ˆ�}�…�Ì���>�«�«�i�>�•���Ì�œ���,�i�}�ˆ�Ã�Ì�i�À�i�`���-�œ�V�ˆ�>�•�����>�˜�`�•�œ�À�`�Ã���­�,�-���Ã�®�°

Sometimes simple is best ���q���ˆ�˜���«�>�À�Ì�ˆ�V�Õ�•�>�À���v�œ�À���Ì�…�i���ˆ�˜�‡�…�œ�“�i���V�œ�˜�Ì�À�œ�•�]��
�V�Õ�Ã�Ì�œ�“�i�À�Ã���Ü�œ�Õ�•�`���•�ˆ�Ž�i���>�˜���ˆ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜���L�œ�œ�Ž�•�i�Ì�°���‚���Ã�ˆ�˜�}�•�i�‡�Ã�ˆ�`�i�`���Õ�Ã�i�À�‡�}�Õ�ˆ�`�i��
�Ü�œ�Õ�•�`���L�i���Ã�Õ�v�w�V�ˆ�i�˜�Ì���>�˜�`���V�œ�Õ�•�`���L�i���>�Ì�Ì�>�V�…�i�`���Ì�œ���Ì�…�i���V�œ�˜�Ì�À�œ�•���ˆ�Ì�Ã�i�•�v�°

5.  Electricity  
and gas 
network impact 
The increased roll-out of hybrid heating systems 
in the domestic heat sector is expected to lead 
�V�Q���U�K�I�P�K�‚�E�C�P�V���X�C�T�K�C�D�K�N�K�V�[���C�P�F���W�P�R�T�G�F�K�E�V�C�D�K�N�K�V�[���K�P��
electricity and gas demand. This could potentially 
present challenges for the operation and design 
of electricity and gas networks.

�+�O�R�G�T�K�C�N���%�Q�N�N�G�I�G���S�W�C�P�V�K�‚�G�F���R�Q�V�G�P�V�K�C�N���U�C�X�K�P�I�U���K�P��
electricity distribution networks in South Wales 
resulting from switching from electric-only to 
hybrid heating systems, as well as to assess 
the capability of the existing gas distribution 
networks to deal with large and sudden increases 
in gas demand due to switching from electricity to 
gas as the fuel for hybrid heating systems.
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5 .   E L E C T R I C I T Y  A N D  G A S  N E T W O R K  I M PA C T

5.1  Generating representative 
networks for South Wales

�#�U���C�P���K�P�K�V�K�C�N���U�V�G�R�����C���U�G�V���Q�H���‚�X�G���T�G�R�T�G�U�G�P�V�C�V�K�X�G���P�G�V�Y�Q�T�M�U���J�C�X�G���D�G�G�P���I�G�P�G�T�C�V�G�F 
and mapped onto the South Wales electricity distribution area. This process 
was based on the network information obtained directly from Western Power 
Distribution and Wales & West Utilities.

5.2  ASHP and hybrid heating  
system uptake scenarios

�/�…�i���Ã�Ì�>�À�Ì�ˆ�˜�}���«�œ�ˆ�˜�Ì�Ã���v�œ�À���Ì�…�ˆ�Ã���>�˜�>�•�Þ�Ã�ˆ�Ã���>�À�i���Ì�…�i���‚�-���*���Õ�«�Ì�>�Ž�i���Ã�V�i�˜�>�À�ˆ�œ�Ã���«�À�i�«�>�À�i�`���L�Þ�����i�•�Ì�>�‡�i�i���Ü�…�ˆ�V�…���v�œ�À�i�V�>�Ã�Ì��
�Ì�…�i���`�i�Û�i�•�œ�«�“�i�˜�Ì���œ�v���>�˜���ˆ�˜�Ã�Ì�>�•�•�i�`���‚�-���*���L�>�Ã�i���ˆ�˜���	�À�ˆ�`�}�i�˜�`�°���/�…�i���Ì�œ�Ì�>�•���«�œ�«�Õ�•�>�Ì�ˆ�œ�˜���œ�v���	�À�ˆ�`�}�i�˜�`���Ì�œ�Ü�˜���ˆ�Ã���Ì�>�Ž�i�˜��
�v�À�œ�“���Ì�…�i���Ó�ä�£�£���V�i�˜�Ã�Õ�Ã���­�{�™�]�{�ä�{�®���>�˜�`���Ì�…�i���˜�Õ�“�L�i�À���œ�v���…�œ�Õ�Ã�i�…�œ�•�`�Ã���ˆ�Ã���i�Ã�Ì�ˆ�“�>�Ì�i�`���L�Þ���>�Ã�Ã�Õ�“�ˆ�˜�}���>�˜���>�Û�i�À�>�}�i���œ�v���Ó�°�x��
�«�i�À�Ã�œ�˜�Ã���«�i�À���…�œ�Õ�Ã�i�…�œ�•�`�°���	�>�Ã�i�`���œ�˜���Ì�…�ˆ�Ã���ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜�]���Ì�…�i���À�i�•�>�Ì�ˆ�Û�i���Õ�«�Ì�>�Ž�i���œ�v���‚�-���*���Ã�Þ�Ã�Ì�i�“�Ã���ˆ�˜���Ì�…�i���	�À�ˆ�`�}�i�˜�`��
area in the period until 2050 is shown in Figure 20.

�7�…�i�˜���>�˜�>�•�Þ�Ã�ˆ�˜�}���Ì�…�i���ˆ�“�«�>�V�Ì���œ�v���‚�-���*���`�i�«�•�œ�Þ�“�i�˜�Ì���œ�˜���Ì�…�i���i�˜�Ì�ˆ�À�i���-�œ�Õ�Ì�…���7�>�•�i�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���>�À�i�>�]���ˆ�Ì���ˆ�Ã���>�Ã�Ã�Õ�“�i�`��
that the same relative uptake of ASHPs will materialise. The growth rate for baseline (ASHP) demand has 
been assumed at 0.12%, ���L�>�Ã�i�`���œ�˜���Ì�…�i���w�À�Ã�Ì���Ì�…�À�i�i���Þ�i�>�À�Ã�½���v�œ�À�i�V�>�Ã�Ì���œ�v���Ì�œ�Ì�>�•���Ã�Õ�L�Ã�Ì�>�Ì�ˆ�œ�˜���•�œ�>�`���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���7�*���½�Ã��
���œ�˜�}�‡�/�i�À�“�����i�Û�i�•�œ�«�“�i�˜�Ì���-�Ì�>�Ì�i�“�i�˜�Ì���v�œ�À���-�œ�Õ�Ì�…���7�>�•�i�Ã�°��

�/�…�i���L�i�•�œ�Ü���‚�-���*���Õ�«�Ì�>�Ž�i���ˆ�Ã���«�À�i�Ã�i�˜�Ì�i�`���>�Ã���Ì�œ�Ì�>�•���>�V�À�œ�Ã�Ã���>�•�•���…�œ�Õ�Ã�i���Ì�Þ�«�i�Ã�°�����œ�Ü�i�Û�i�À�]���Ì�…�i�����“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i 
�“�œ�`�i�•���V�œ�˜�Ã�ˆ�`�i�À�Ã���Ì�…�i���i�Û�œ�•�Õ�Ì�ˆ�œ�˜���œ�v���‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Õ�«�Ì�>�Ž�i���>�V�À�œ�Ã�Ã���`�ˆ�v�v�i�À�i�˜�Ì���…�œ�Õ�Ã�i���Ì�Þ�«�i�Ã��
�­�Ì�i�À�À�>�V�i�`�]���Ã�i�“�ˆ�‡�`�i�Ì�>�V�…�i�`���>�˜�`���`�i�Ì�>�V�…�i�`���…�œ�Õ�Ã�i�Ã�®���>�Ã���Ã�«�i�V�ˆ�w�i�`���ˆ�˜�����i�•�Ì�>�‡�i�i�½�Ã���Ã�V�i�˜�>�À�ˆ�œ�Ã�°

Figure 20: Uptake of ASHP and hybrid heating systems based on number of customers

�
�œ�˜�Ã�ˆ�`�i�À�ˆ�˜�}���Ì�…�i���…�œ�Õ�Ã�i�…�œ�•�`���`�i�“�>�˜�`���«�À�œ�w�•�i�Ã���«�À�œ�Û�ˆ�`�i�`���L�Þ�����i�•�Ì�>�‡�i�i���v�œ�À���‚�-���*�Ã���>�˜�`���Ì�…�i���w�i�•�`���Ì�À�ˆ�>�• 
�`�>�Ì�>���V�œ�•�•�i�V�Ì�i�`���v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�]���Ì�…�i���>�Û�i�À�>�}�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�i�>�Ž���>�˜�`���i�˜�i�À�}�Þ���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜ 
�«�i�À���…�œ�Õ�Ã�i�…�œ�•�`���>�V�À�œ�Ã�Ã���Ì�…�i���Ì�…�À�i�i���…�œ�Õ�Ã�i���Ì�Þ�«�i�Ã���>�À�i���}�ˆ�Û�i�˜���ˆ�˜��Figure 21. 
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Key to table   
‘ASHP’ refers to non-optimised 
�i�•�i�V�Ì�À�ˆ�V�‡�œ�˜�•�Þ���‚�-���*���«�À�œ�w�•�i�Ã�]��
whereas ‘HHS’ refers to  
non-optimised hybrid ASHP 
�«�À�œ�w�•�i�Ã�°���¼�����-���
�V�œ�˜�œ�“�Þ�½���À�i�v�i�À�Ã��
�Ì�œ���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
installations in homes where 
�
�V�œ�˜�œ�“�Þ���Ç�]���
�V�œ�˜�œ�“�Þ���£�ä���œ�À���/�����
��
tariff is applicable. ‘HHS DUoS’ 
�À�i�v�i�À�Ã���Ì�œ���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
installations in homes with DUoS 
tariff. ‘HHS DR’ refers to hybrid 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���ˆ�˜��
homes when demand response  
is applied. 

Case
Electric peak (kWe)

Morning Day Evening Night

ASHP 2.2 1.9 2.1 1.7

HHS 1.1 1.2 1.1 0.7

HHS Economy 2.1 1.2 0.6 1.5

HHS DUoS 2.5 0.0 0.0 5.5

HHS DR 1.7 0.8 0.7 1.0

HHS PassivSystems 
Smart 1.3 1.4 0.0 1.0
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5 .   E L E C T R I C I T Y  A N D  G A S  N E T W O R K  I M PA C T

���Õ�i���Ì�œ���Ì�…�i���>�Ã�Ã�Õ�“�i�`���Õ�˜�`�i�À�•�Þ�ˆ�˜�}��
�`�i�“�>�˜�`���Ã�…�>�«�i�]���Ì�…�i���ˆ�˜�V�À�i�>�Ã�i��
�ˆ�˜���Ì�…�i���i�Û�i�˜�ˆ�˜�}���«�i�>�Ž���Ü�ˆ�•�•���`�À�ˆ�Û�i��
network reinforcement. Given 
�Ì�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems to perform fuel 
�Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}�]���ˆ�˜���Ì�…�i���V�>�Ã�i���Ü�…�i�À�i��
their operation is fully optimised 
�v�À�œ�“���Ì�…�i����� �"���«�i�À�Ã�«�i�V�Ì�ˆ�Û�i�]���Ì�…�i�À�i��
would be no increase in peak 
loading of the distribution 
grid attributable to hybrid 
heating systems �­�>�Ã�Ã�Õ�“�ˆ�˜�}��
�Ì�…�>�Ì���Ì�…�i���}�>�Ã���L�œ�ˆ�•�i�À���V�œ�“�«�œ�˜�i�˜�Ì��
�œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���ˆ�Ã���œ�v��
�Ã�Õ�v�w�V�ˆ�i�˜�Ì���V�>�«�>�V�ˆ�Ì�Þ���Ì�œ���«�À�œ�Û�ˆ�`�i��

the entire heat requirement of 
�>���…�œ�Õ�Ã�i�…�œ�•�`�®�°���/�…�ˆ�Ã���Ü�œ�Õ�•�`���L�i��
ensured by activating the gas 
boiler component of the hybrid 
heating system  whenever the 
total network demand would 
increase the baseline peak 
�`�i�“�>�˜�`���•�i�Û�i�•�°���‚�Ì���Ì�…�i���Ã�>�“�i���Ì�ˆ�“�i�]��
�}�ˆ�Û�i�˜���Ì�…�>�Ì���Ì�…�i���Ì�œ�Ì�>�•���…�i�>�Ì���œ�Õ�Ì�«�Õ�Ì��
�œ�v���>���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�Ã��
�Ì�…�i���Ã�>�“�i�]���Ì�…�i�À�i���ˆ�Ã��no change 
in the indoor temperature 
or customer comfort levels.  
This case is denoted as ‘HHS 
PassivSystems Smart’ control 
in this section.

This is illustrated in Figure 
22�]���Ü�…�ˆ�V�…���V�œ�˜�Ì�À�>�Ã�Ì�Ã���Ì�…�i���˜�œ�˜�‡
optimised vs. PassivSystems 
�œ�«�Ì�ˆ�“�ˆ�Ã�i�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
�«�À�œ�w�•�i�Ã���Ã�Õ�«�i�À�ˆ�“�«�œ�Ã�i�`���œ�˜�Ì�œ���Ì�…�i��
�L�>�Ã�i�•�ˆ�˜�i���`�i�“�>�˜�`���«�À�œ�w�•�i�°���7�ˆ�Ì�…��
�Ì�…�i���>�L�ˆ�•�ˆ�Ì�Þ���Ì�œ���Ã�Ü�ˆ�Ì�V�…���Ì�œ���}�>�Ã���v�œ�À��
heat supply when the electricity 
distribution network is under 
�}�À�i�>�Ì�i�Ã�Ì���Ã�Ì�À�i�Ã�Ã���>�˜�`���>�Ã�Ã�Õ�“�ˆ�˜�}���>�˜��
appropriate control scheme is in 
�«�•�>�V�i�]���ˆ�Ì���ˆ�Ã���«�œ�Ã�Ã�ˆ�L�•�i���Ì�œ���>�Û�œ�ˆ�`���>�˜�Þ��
peak demand increase from the 
�L�>�Ã�i�•�ˆ�˜�i���`�i�“�>�˜�`���«�À�œ�w�•�i�°

5.2  ASHP and hybrid heating system uptake scenarios

�(�K�I�W�T�G�����������0�Q�P���Q�R�V�K�O�K�U�G�F���X�U�����2�C�U�U�K�X�5�[�U�V�G�O�U�	���Q�R�V�K�O�K�U�G�F���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���R�T�Q�‚�N�G�U

�‚�Ì���Ì�…�ˆ�Ã���Ã�Ì�>�}�i�]���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž���ˆ�“�«�>�V�Ì���Ã�V�i�˜�>�À�ˆ�œ�Ã���Ã�«�i�V�ˆ�w�i�`���ˆ�˜��Figure 23 were considered.

Figure 23: Electricity distribution network impact scenarios
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The key outputs of distribution network case studies for each scenario are:

�U�� �
�Û�œ�•�Õ�Ì�ˆ�œ�˜���œ�v���˜�i�Ì�Ü�œ�À�Ž���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì�]���L�œ�Ì�…���ˆ�˜���Ì�i�À�“�Ã���œ�v���Ì�…�i���˜�Õ�“�L�i�À���œ�v���À�i�ˆ�˜�v�œ�À�V�i�`���i�•�i�“�i�˜�Ì�Ã���>�˜�`���Ì�…�i�ˆ�À���V�œ�Ã�Ì

�U�� �	�À�i�>�Ž�`�œ�Ü�˜���œ�v���˜�i�Ì�Ü�œ�À�Ž���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì���>�V�À�œ�Ã�Ã���Û�œ�•�Ì�>�}�i���•�i�Û�i�•�Ã�°

�/�…�i���Ž�i�Þ���•�i�>�À�˜�ˆ�˜�}���«�œ�ˆ�˜�Ì���ˆ�Ã���V�œ�“�«�>�À�ˆ�˜�}���i�>�V�…���Ã�V�i�˜�>�À�ˆ�œ���Ü�ˆ�Ì�…���Ì�…�i���V�œ�Õ�˜�Ì�i�À�v�>�V�Ì�Õ�>�•�]���>�Ã���Ì�…�ˆ�Ã���Ü�ˆ�•�•���«�À�œ�Û�ˆ�`�i���>�˜���i�Ã�Ì�ˆ�“�>�Ì�i��
�œ�v���Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���L�i�˜�i�w�Ì���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���œ�Û�i�À���i�•�i�V�Ì�À�ˆ�V�‡�œ�˜�•�Þ���‚�-���*�Ã���>�Ã���Ü�i�•�•���>�Ã���Ì�…�i���L�i�˜�i�w�Ì���œ�v���`�ˆ�v�v�i�À�i�˜�Ì��
approaches to hybrid control.

Figure 24���Ã�…�œ�Ü�Ã���Ì�…�i���`�i�Û�i�•�œ�«�“�i�˜�Ì���œ�v���Ì�…�i���-�œ�Õ�Ì�…���7�>�•�i�Ã���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž���Õ�«�}�À�>�`�i���œ�v�� 
�˜�i�Ì�Ü�œ�À�Ž���•�i�˜�}�Ì�…���>�˜�`���˜�Õ�“�L�i�À���œ�v���Ì�À�>�˜�Ã�v�œ�À�“�i�À�Ã���v�œ�À���Ì�…�i���‚�-���*���Ã�V�i�˜�>�À�ˆ�œ�°���/�…�i���“�>�•�œ�À�ˆ�Ì�Þ���œ�v�����6���˜�i�Ì�Ü�œ�À�Ž���Õ�«�}�À�>�`�i�� 
�ˆ�Ã���Ì�…�i�À�“�>�•�•�Þ���`�À�ˆ�Û�i�˜�]���v�œ�•�•�œ�Ü�i�`���L�Þ���Ì�…�i���Û�œ�•�Ì�>�}�i�‡�`�À�ˆ�Û�i�˜���Õ�«�}�À�>�`�i���œ�v���Ì�…�i�����6���˜�i�Ì�Ü�œ�À�Ž�°���‚�˜�Þ���Ã�Ì�>�Ì�Õ�Ì�œ�À�Þ���Û�œ�•�Ì�>�}�i��
�Û�ˆ�œ�•�>�Ì�ˆ�œ�˜�Ã���ˆ�˜���Ì�…�i�����6���˜�i�Ì�Ü�œ�À�Ž���V�œ�Õ�•�`���«�œ�Ì�i�˜�Ì�ˆ�>�•�•�Þ���L�i���“�ˆ�Ì�ˆ�}�>�Ì�i�`���L�Þ�]���v�œ�À���i�Ý�>�“�«�•�i�]���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜���œ�v���Ã�“�>�À�Ì�� 
�`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���Ì�À�>�˜�Ã�v�œ�À�“�i�À�Ã���Ì�…�>�Ì���“�ˆ�}�…�Ì���L�i���>���V�œ�Ã�Ì�‡�i�v�v�i�V�Ì�ˆ�Û�i���“�i�>�Ã�Õ�À�i�°
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�N�G�H�V�����P�G�V�Y�Q�T�M���N�G�P�I�V�J���C�P�F���
�T�K�I�J�V�����P�W�O�D�G�T���Q�H���V�T�C�P�U�H�Q�T�O�G�T�U��

�H�Q�T���#�5�*�2���U�E�G�P�C�T�K�Q�����.�8���s���N�Q�Y���X�Q�N�V�C�I�G���P�G�V�Y�Q�T�M�����&�6���s���F�K�U�V�T�K�D�W�V�K�Q�P���V�T�C�P�U�H�Q�T�O�G�T�����*�8���s���J�K�I�J���X�Q�N�V�C�I�G���P�G�V�Y�Q�T�M�����2�6���s���R�T�K�O�C�T�[���V�T�C�P�U�H�Q�T�O�G�T�����+���s���V�J�G�T�O�C�N��

driven reinforcement, V – voltage driven reinforcement
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Scenario Description

ASHP only �‚�-���*�¿�Ã���«�À�œ�Û�ˆ�`�i���>�•�•���…�i�>�Ì�ˆ�˜�}���­�>�Ã�Ã�Õ�“�ˆ�˜�}���Ì�…�i���˜�Õ�“�L�i�À���œ�v���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���i�µ�Õ�>�•���Ì�œ���Ì�…�i���Ã�Õ�“���œ�v���«�À�œ�•�i�V�Ì�i�`��
�‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã�®�Æ���Ì�…�ˆ�Ã���ˆ�Ã���Ì�…�i���V�œ�Õ�˜�Ì�i�À�v�>�V�Ì�Õ�>�•���Ã�V�i�˜�>�À�ˆ�œ

ASHP and HHS �‚�-���*�Ã���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���«�À�œ�Û�ˆ�`�i���…�i�>�Ì�ˆ�˜�}���>�V�V�œ�À�`�ˆ�˜�}���Ì�œ���Ì�…�i���>�Ã�Ã�Õ�“�i�`���L�À�i�>�Ž�`�œ�Ü�˜���œ�v��
�‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã�]���À�i�Ã�«�i�V�Ì�ˆ�Û�i�•�Þ

HHS only ���Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���«�À�œ�Û�ˆ�`�i���>�•�•���…�i�>�Ì�ˆ�˜�}���­�>�Ã�Ã�Õ�“�ˆ�˜�}���Ì�…�i���˜�Õ�“�L�i�À���œ�v���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���i�µ�Õ�>�•���Ì�œ���Ì�…�i��
�Ã�Õ�“���œ�v���‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã�®��

HHS economy tariffs ���Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���«�À�œ�Û�ˆ�`�i���>�•�•���…�i�>�Ì�ˆ�˜�}���­�>�Ã�Ã�Õ�“�ˆ�˜�}���Ì�…�i���˜�Õ�“�L�i�À���œ�v���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���i�µ�Õ�>�•���Ì�œ���Ì�…�i��
�Ã�Õ�“���œ�v���‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã�®���œ�˜���
�Ç�]���
�£�ä���œ�À���/�����
���Ì�>�À�ˆ�v�v

HHS DUoS ���Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���«�À�œ�Û�ˆ�`�i���>�•�•���…�i�>�Ì�ˆ�˜�}���­�>�Ã�Ã�Õ�“�ˆ�˜�}���Ì�…�i���˜�Õ�“�L�i�À���œ�v���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���i�µ�Õ�>�•���Ì�œ���Ì�…�i��
�Ã�Õ�“���œ�v���‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã�®���œ�˜�����1�œ�-���Ì�>�À�ˆ�v�v

HHS demand response ���Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���«�À�œ�Û�ˆ�`�i���>�•�•���…�i�>�Ì�ˆ�˜�}���­�>�Ã�Ã�Õ�“�ˆ�˜�}���Ì�…�i���˜�Õ�“�L�i�À���œ�v���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���i�µ�Õ�>�•���Ì�œ���Ì�…�i��
�Ã�Õ�“���œ�v���‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã�®���>�˜�`���`�i�“�>�˜�`���À�i�Ã�«�œ�˜�Ã�i���>�«�«�•�ˆ�i�`

HHS PassivSystems 
smart control

���Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���«�À�œ�Û�ˆ�`�i���>�•�•���…�i�>�Ì�ˆ�˜�}���­�>�Ã�Ã�Õ�“�ˆ�˜�}���Ì�…�i���˜�Õ�“�L�i�À���œ�v���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���i�µ�Õ�>�•���Ì�œ���Ì�…�i��
�Ã�Õ�“���œ�v���‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã�®���>�˜�`���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•���>�«�«�•�ˆ�i�`���Ì�œ���“�ˆ�˜�ˆ�“�ˆ�Ã�i��
�˜�i�Ì�Ü�œ�À�Ž���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì�Æ���Ì�…�ˆ�Ã���Ü�œ�Õ�•�`���L�i���i�µ�Õ�ˆ�Û�>�•�i�˜�Ì���Ì�œ���>���V�>�Ã�i���Ü�…�i�˜���>�•�•���…�i�>�Ì�ˆ�˜�}�]���œ�À���Ü�…�i�˜�i�Û�i�À���Ì�…�i�À�i���ˆ�Ã��
�V�œ�˜�}�i�Ã�Ì�ˆ�œ�˜���ˆ�˜���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�]���ˆ�Ã���}�i�˜�i�À�>�Ì�i�`���L�Þ���>���}�>�Ã���L�œ�ˆ�•�i�À
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�(�K�I�W�T�G������ shows the 
assumed unit costs of 
asset upgrades  applied to 
network and transformer 
components in order to 
obtain reinforcement costs.

�(�K�I�W�T�G��������presents the 
development of the 
cumulative electricity 
distribution network 
reinforcement cost  in 
the South Wales area until 
2050 for the ASHP uptake 
scenario. This is used as 
the counterfactual scenario. 
The reinforcement cost 
�ˆ�Ã���Ã�«�•�ˆ�Ì���«�i�À���Û�œ�•�Ì�>�}�i���•�i�Û�i�•�°��
���Õ�À�Ì�…�i�À�“�œ�À�i�]���v�œ�À�����6���>�˜�`�����6��
�˜�i�Ì�Ü�œ�À�Ž�Ã�]���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì���ˆ�Ã��
�Ã�«�•�ˆ�Ì���>�V�V�œ�À�`�ˆ�˜�}���Ì�œ���Ì�…�i���`�À�ˆ�Û�ˆ�˜�}��
�v�>�V�Ì�œ�À�\���Ì�…�i�À�“�>�•���>�˜�`���Û�œ�•�Ì�>�}�i�°

By 2050 up to about 
�Ë�£�]�Ç�ä�ä�“���Ã�…�œ�Õ�•�`���L�i���ˆ�˜�Û�i�Ã�Ì�i�`��
into the South Wales 
electricity distribution  
network to accommodate 
�Ì�…�i���L�>�Ã�i�•�ˆ�˜�i���•�œ�>�`���}�À�œ�Ü�Ì�…��
and the uptake of ASHP  
in the ASHP scenario.

�(�K�I�W�T�G������ shows the results 
for ASHP and the hybrid 
heating scenario.

The results show that 
�Ã�>�Û�ˆ�˜�}�Ã���v�À�œ�“���…�>�Û�ˆ�˜�}���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���ˆ�˜���Ì�…�i���…�i�>�Ì��
�«�Õ�“�«���«�œ�À�Ì�v�œ�•�ˆ�œ�]���Ü�…�i�À�i���Ì�…�i��
cumulative reinforcement 
�V�œ�Ã�Ì���ˆ�Ã���>�À�œ�Õ�˜�`���Ë�£�]�{�ä�ä�“�]���>�À�i��
about £300m compared with 
the counterfactual scenario 
by 2050. 

�(�K�I�W�T�G������ shows results 
for the hybrid heating-only 
scenario.

5 .   E L E C T R I C I T Y  A N D  G A S  N E T W O R K  I M PA C T

�����������(�T�G�G�F�Q�O���‚�G�N�F���V�T�K�C�N���E�C�U�G���C�P�C�N�[�U�K�U

�(�K�I�W�T�G�����������#�U�U�G�V���W�R�I�T�C�F�G���W�P�K�V���E�Q�U�V�U

�(�K�I�W�T�G�����������&�G�X�G�N�Q�R�O�G�P�V���Q�H���5�Q�W�V�J���9�C�N�G�U�	���G�N�G�E�V�T�K�E�K�V�[���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M���W�R�I�T�C�F�G���E�Q�U�V���H�Q�T��

�#�5�*�2���U�E�G�P�C�T�K�Q�����.�8���s���N�Q�Y���X�Q�N�V�C�I�G���P�G�V�Y�Q�T�M�����&�6���s���F�K�U�V�T�K�D�W�V�K�Q�P���V�T�C�P�U�H�Q�T�O�G�T�����*�8���s���J�K�I�J���X�Q�N�V�C�I�G��

network, PS – primary substation, EHV+ - Extra high voltage network, bulk transformers 

�C�P�F�����������M�8���P�G�V�Y�Q�T�M�����+���s���V�J�G�T�O�C�N���F�T�K�X�G�P���T�G�K�P�H�Q�T�E�G�O�G�P�V�����8���s���X�Q�N�V�C�I�G���F�T�K�X�G�P���T�G�K�P�H�Q�T�E�G�O�G�P�V

�(�K�I�W�T�G�����������&�G�X�G�N�Q�R�O�G�P�V���Q�H���5�Q�W�V�J���9�C�N�G�U�o�U���G�N�G�E�V�T�K�E�K�V�[���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M���W�R�I�T�C�F�G���E�Q�U�V���H�Q�T���#�5�*�2���C�P�F���J�[�D�T�K�F���J�G�C�V�K�P�I���U�E�G�P�C�T�K�Q��

�(�K�I�W�T�G�����������&�G�X�G�N�Q�R�O�G�P�V���Q�H���5�Q�W�V�J���9�C�N�G�U�o�U���G�N�G�E�V�T�K�E�K�V�[���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M���W�R�I�T�C�F�G���E�Q�U�V���H�Q�T���J�[�D�T�K�F���J�G�C�V�K�P�I���Q�P�N�[���U�E�G�P�C�T�K�Q

Asset Cost, £k

1km of LV overhead line and 2 LV circuit breakers 29

1km of LV underground cable and 2 LV circuit breakers 111

Pole mounted transformer 4.3

Ground mounted transformer and ring main unit 27

1km of HV overhead line and 1 HV circuit breaker 38

1km of HV underground cable and 1 HV circuit breaker 118

Primary transformer, 1 x 33 kV circuit breaker, 1 x 11 kV 
circuit breaker, 1km of transformer cable 840
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�/�…�i���À�i�Ã�Õ�•�Ì�Ã���ˆ�˜�`�ˆ�V�>�Ì�i���Ì�…�>�Ì���Ã�>�Û�ˆ�˜�}�Ã���ˆ�˜���Ì�…�i���…�Þ�L�À�ˆ�`�‡�œ�˜�•�Þ���Ã�V�i�˜�>�À�ˆ�œ�]���Ü�…�i�À�i���Ì�…�i���V�Õ�“�Õ�•�>�Ì�ˆ�Û�i���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì���V�œ�Ã�Ì 
is at around £350m,  are about £1,300m  compared with the counterfactual scenario by 2050.
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Figure 29���Ã�…�œ�Ü�Ã���Ì�…�i���À�i�Ã�Õ�•�Ì�Ã���v�œ�À���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���
�V�œ�˜�œ�“�Þ���/�>�À�ˆ�v�v���Ã�V�i�˜�>�À�ˆ�œ�Ã�° 
�-�>�Û�ˆ�˜�}�Ã���œ�v���>�L�œ�Õ�Ì��£1,400m are observed compared with the counterfactual scenario 
by 2050. 

Figure 30���Ã�…�œ�Ü�Ã���À�i�Ã�Õ�•�Ì�Ã���v�œ�À���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�����1�œ�-���/�>�À�ˆ�v�v���Ã�V�i�˜�>�À�ˆ�œ���Ü�ˆ�Ì�…���Ã�>�Û�ˆ�˜�}�Ã 
of about £1,450m  by 2050.

5 .   E L E C T R I C I T Y  A N D  G A S  N E T W O R K  I M PA C T

�����������(�T�G�G�F�Q�O���‚�G�N�F���V�T�K�C�N���E�C�U�G���C�P�C�N�[�U�K�U

�(�K�I�W�T�G�����������&�G�X�G�N�Q�R�O�G�P�V���Q�H���5�Q�W�V�J���9�C�N�G�U�o���G�N�G�E�V�T�K�E�K�V�[���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M���W�R�I�T�C�F�G���E�Q�U�V���H�Q�T���J�[�D�T�K�F���J�G�C�V�K�P�I���&�7�Q�5���6�C�T�K�H�H���U�E�G�P�C�T�K�Q

Figure 31���Ã�…�œ�Ü�Ã���À�i�Ã�Õ�•�Ì�Ã���v�œ�À���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���`�i�“�>�˜�`���À�i�Ã�«�œ�˜�Ã�i���Ã�V�i�˜�>�À�ˆ�œ���Ü�ˆ�Ì�…���Ã�>�Û�ˆ�˜�}�Ã��
of about £1,400m ���L�Þ���Ó�ä�x�ä�°�����i�“�>�˜�`���À�i�Ã�«�œ�˜�Ã�i���>�Ã�Ã�Õ�“�i�Ã���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�‡�œ�˜�•�Þ�°�����Õ�À�Ì�…�i�À��
�Ã�>�Û�ˆ�˜�}�Ã���V�œ�Õ�•�`���L�i���>�V�…�ˆ�i�Û�i�`���ˆ�v���œ�Ì�…�i�À���Ã�“�>�À�Ì���>�«�«�•�ˆ�>�˜�V�i�Ã���>�À�i���V�œ�˜�Ã�ˆ�`�i�À�i�`�°

Figure 32���Ã�…�œ�Ü�Ã���À�i�Ã�Õ�•�Ì�Ã���v�œ�À���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•���Ã�V�i�˜�>�À�ˆ�œ��
�Ü�ˆ�Ì�…���Ã�>�Û�ˆ�˜�}�Ã���œ�v���>�L�œ�Õ�Ì��£1,500m  by 2050. The reinforcement cost is only driven by the baseline 
�`�i�“�>�˜�`���}�À�œ�Ü�Ì�…�°

�(�K�I�W�T�G�����������&�G�X�G�N�Q�R�O�G�P�V���Q�H���5�Q�W�V�J���9�C�N�G�U�o���G�N�G�E�V�T�K�E�K�V�[���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M���W�R�I�T�C�F�G���E�Q�U�V���H�Q�T���J�[�D�T�K�F���J�G�C�V�K�P�I���F�G�O�C�P�F���T�G�U�R�Q�P�U�G���U�E�G�P�C�T�K�Q�(�K�I�W�T�G�����������&�G�X�G�N�Q�R�O�G�P�V���Q�H���5�Q�W�V�J���9�C�N�G�U�	���G�N�G�E�V�T�K�E�K�V�[���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M���W�R�I�T�C�F�G���E�Q�U�V���H�Q�T���J�[�D�T�K�F���J�G�C�V�K�P�I���'�E�Q�P�Q�O�[���6�C�T�K�H�H�U���U�E�G�P�C�T�K�Q��

�(�K�I�W�T�G�����������&�G�X�G�N�Q�R�O�G�P�V���Q�H���5�Q�W�V�J���9�C�N�G�U�o���G�N�G�E�V�T�K�E�K�V�[���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M���W�R�I�T�C�F�G���E�Q�U�V���H�Q�T���2�C�U�U�K�X�5�[�U�V�G�O�U���U�O�C�T�V���E�Q�P�V�T�Q�N���Q�H���J�[�D�T�K�F�U���U�E�G�P�C�T�K�Q

Economy Tariff scenarios

DUoS Tariff scenario

Demand response scenario

PassivSystems smart control scenario
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5 .   E L E C T R I C I T Y  A N D  G A S  N E T W O R K  I M PA C T

The operational cost of running the gas distribution network has been falling 
dramatically and within the timeframes set out for decarbonisation of heat, 
the majority of the gas network distributing gas to housing will be made of 
polyethylene. 

This material has no routine 
�“�>�ˆ�˜�Ì�i�˜�>�˜�V�i���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã�] 
has very low leakage  and hence 
is very low cost to operate.  
A study carried out for the 
���i�«�>�À�Ì�“�i�˜�Ì���œ�v���
�˜�i�À�}�Þ���>�˜�`��
�
�•�ˆ�“�>�Ì�i���
�…�>�˜�}�i���­���
�
�
�®���•�œ�œ�Ž�ˆ�˜�}��
�>�Ì���Ì�…�i���«�À�œ�«�œ�Ã�i�`���	�À�ˆ�`�}�i�˜�`���…�i�>�Ì��
�˜�i�Ì�Ü�œ�À�Ž�Ã���v�œ�Õ�˜�`���˜�œ���w�˜�>�˜�V�ˆ�>�•��
�L�i�˜�i�w�Ì���œ�v���`�i�V�œ�“�“�ˆ�Ã�Ã�ˆ�œ�˜�ˆ�˜�}��
�Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���>�˜�`���Ì�…�i�ˆ�À��
detailed review revealed that 
the polyethylene areas had run 

at zero operational cost since 
�ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�°���/�…�i���…�ˆ�}�…�i�À���«�À�i�Ã�Ã�Õ�À�i��
tiers would require some level of 
�“�>�ˆ�˜�Ì�i�˜�>�˜�V�i�]���L�Õ�Ì���Ì�…�i�Ã�i���>�À�i���Ì�…�i��
pipelines that contain valuable 
�i�˜�i�À�}�Þ���Ã�Ì�œ�À�>�}�i���>�Ã�Ã�i�Ì�Ã���>�˜�`���>�À�i��
�Õ�Ã�i�`���Ì�œ���«�À�œ�Û�ˆ�`�i���}�>�Ã���Ì�œ���ˆ�˜�`�Õ�Ã�Ì�À�Þ��
�>�˜�`���y�i�Ý�ˆ�L�•�i���«�œ�Ü�i�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
– uses that are unlikely to be 
�À�i�`�Õ�˜�`�>�˜�Ì�°���/�…�i�À�i�v�œ�À�i�]���œ�Û�i�À�>�•�•�]���Ì�…�i��
�œ�«�i�À�>�Ì�ˆ�œ�˜�>�•���V�œ�Ã�Ì�Ã���œ�v���“�>�ˆ�˜�Ì�>�ˆ�˜�ˆ�˜�}��
�Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���>�v�Ì�i�À���Ó�ä�Î�ä���>�À�i��
�Û�i�À�Þ���“�œ�`�i�Ã�Ì���Ã�i�Ì���>�}�>�ˆ�˜�Ã�Ì���Ì�…�i���Û�i�À�Þ��

�…�ˆ�}�…���V�œ�Ã�Ì�Ã���>�Ã�Ã�œ�V�ˆ�>�Ì�i�`�� 
with the alternatives.

A sequential steady-state 
�“�œ�`�i�•�•�ˆ�˜�}���Ü�>�Ã���«�i�À�v�œ�À�“�i�`�� 
�L�Þ�����“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i���Ì�œ 
�ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�i���Ì�…�i���ˆ�“�«�>�V�Ì���œ�v 
�>���•�>�À�}�i�‡�Ã�V�>�•�i���`�i�«�•�œ�Þ�“�i�˜�Ì 
�œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã 
�œ�˜���…�ˆ�}�…���>�˜�`���•�œ�Ü���«�À�i�Ã�Ã�Õ�À�i�� 
�}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�Ã�°��

5.4  Gas network capability 

This study simulates operation of the high pressure gas 
distribution network under the local offtake �
�U�G�G���(�K�I�W�T�G��
������. The local offtake receives gas from the National 
Transmission System (NTS) and supplies Cardiff, 
�$�T�K�F�I�G�P�F�����#�D�G�T�M�G�P�‚�I���C�P�F���2�Q�T�V�J�E�C�Y�N�����6�J�G���O�C�Z�K�O�W�O��
�ƒ�Q�Y���N�K�O�K�V���H�Q�T���V�J�G���N�Q�E�C�N���Q�H�H�V�C�M�G���K�U���������������O�E�O���F�C�[����

5.5  High pressure gas 
distribution network 
(HighP) 

�(�K�I�W�T�G�����������5�Q�W�V�J���9�C�N�G�U���
�%�G�P�V�T�C�N�����J�K�I�J��

pressure gas distribution network

For this study, the gas demand of 8.87 mcm/day 
was used which was a peak gas demand for the 
local offtake in 2015/2016.

�/�…�i���}�>�Ã���`�i�“�>�˜�`���Ü�>�Ã���Õ�˜�ˆ�v�œ�À�“�•�Þ��
distributed across the nodes in 
�Ì�…�i���…�ˆ�}�…���«�À�i�Ã�Ã�Õ�À�i���Ã�Þ�Ã�Ì�i�“�Ã���Ì�…�>�Ì��
�`�i�•�ˆ�Û�i�À���}�>�Ã���Ì�œ���•�œ�Ü�i�À���«�À�i�Ã�Ã�Õ�À�i��
tiers (the uniform distribution 
�œ�v���}�>�Ã���`�i�“�>�˜�`���>�V�À�œ�Ã�Ã���>�•�•���Ì�…�i��
nodes are due to lack of access 
to spatially resolved demand 
�`�>�Ì�>�®�°�����œ�Õ�À�•�Þ���}�>�Ã���`�i�“�>�˜�`���>�Ì��
�i�>�V�…���˜�œ�`�i���Ü�>�Ã���i�Ã�Ì�ˆ�“�>�Ì�i�`���Õ�Ã�ˆ�˜�}��
�Ì�…�i���«�À�œ�w�•�i�Ã���Ã�…�œ�Ü�˜���ˆ�˜��Figure 34. 
�/�…�i���}�>�Ã���`�i�“�>�˜�`���«�À�œ�w�•�i���ˆ�˜���«�ˆ�˜�Ž��
represents a baseline scenario 
in which there is no hybrid 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ã�Ì�>�•�•�i�`�]���>�˜�`���Ì�…�i��
�…�i�>�Ì�ˆ�˜�}���`�i�“�>�˜�`���ˆ�Ã���Ã�Õ�«�«�•�ˆ�i�`���L�Þ��
�V�œ�˜�Û�i�˜�Ì�ˆ�œ�˜�>�•���}�>�Ã���L�œ�ˆ�•�i�À�Ã�°��

�/�…�i���L�>�Ã�i�•�ˆ�˜�i���«�À�œ�w�•�i���Ü�>�Ã��
developed as part of a previous 
project to convert daily natural 
�}�>�Ã���`�i�“�>�˜�`���ˆ�˜�����	���ˆ�˜�Ì�œ���>�˜���…�œ�Õ�À�•�Þ��
�`�i�“�>�˜�`���«�À�œ�w�•�i�°�����˜���V�œ�˜�Ì�À�>�Ã�Ì�]��
�Ì�…�i���«�À�œ�w�•�i���ˆ�˜���œ�À�>�˜�}�i���À�i�«�À�i�Ã�i�˜�Ì�Ã��
�}�>�Ã���`�i�“�>�˜�`���v�œ�À���>���Ã�V�i�˜�>�À�ˆ�œ���Ü�ˆ�Ì�…��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�°�����˜���Ì�…�i��
�}�>�Ã���«�À�œ�w�•�i���Ü�ˆ�Ì�…���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã�]���ˆ�Ì���Ü�>�Ã���>�Ã�Ã�Õ�“�i�`���Ì�…�>�Ì��
before 07:00 ASHPs fuelled by 
electricity are used to supply 
�…�i�>�Ì�ˆ�˜�}�°���7�ˆ�Ì�…�ˆ�˜���œ�˜�i���…�œ�Õ�À���v�À�œ�“��
�ä�È�\�ä�ä���Ì�œ���ä�Ç�\�ä�ä�]���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems switch from electricity to 
�}�>�Ã�]���>�˜�`���Ì�…�i�À�i�v�œ�À�i���>���Ã�Õ�`�`�i�˜���Ã�«�ˆ�Ž�i��
�ˆ�˜���Ì�…�i���}�>�Ã���`�i�“�>�˜�`���œ�V�V�Õ�À�Ã�°

���������)�C�U���F�G�O�C�P�F���R�T�Q�‚�N�G��

�(�K�I�W�T�G�����������*�Q�W�T�N�[���I�C�U���F�G�O�C�P�F���R�T�Q�‚�N�G�U���H�Q�T���n�$�C�U�G�N�K�P�G�o���C�P�F���n�J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U�o���U�E�G�P�C�T�K�Q�U
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�6�J�G���U�K�O�W�N�C�V�K�Q�P���Q�H���V�J�G���I�C�U���P�G�V�Y�Q�T�M���H�Q�T���V�J�G���V�Y�Q���I�C�U���F�G�O�C�P�F���R�T�Q�‚�N�G�U�� 
was performed for an hourly time resolution over 24 hours. 

One of the key properties  
�œ�v���Ì�…�i���…�ˆ�}�…���«�À�i�Ã�Ã�Õ�À�i���}�>�Ã�� 
�˜�i�Ì�Ü�œ�À�Ž���ˆ�Ã���•�ˆ�˜�i�«�>�V�Ž�]���Ü�…�ˆ�V�…���ˆ�Ã���Ì�…�i��
�Ü�ˆ�Ì�…�ˆ�˜�‡�«�ˆ�«�i���Ã�Ì�œ�À�>�}�i���V�>�«�>�V�ˆ�Ì�Þ���œ�v��
�Ì�…�i���˜�i�Ì�Ü�œ�À�Ž�Ã�°���-�Õ�v�w�V�ˆ�i�˜�Ì���•�ˆ�˜�i�«�>�V�Ž��
in the network is crucial for 
�`�i�>�•�ˆ�˜�}���Ü�ˆ�Ì�…���>�˜���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���}�>�Ã��
�`�i�“�>�˜�`�°���/�…�i�À�i�v�œ�À�i�]���Ü�…�i�˜���>�˜��
�ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���Ì�…�i���}�>�Ã���`�i�“�>�˜�`���ˆ�Ã��
�i�Ý�«�i�V�Ì�i�`�]���Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���ˆ�Ã��
prepared to meet the variation 
�œ�v���Ì�…�i���}�>�Ã���`�i�“�>�˜�`���L�Þ���>�`�•�Õ�Ã�Ì�ˆ�˜�}��
�ˆ�Ì�Ã���Ã�Õ�«�«�•�Þ���}�>�Ã���y�œ�Ü���Ì�œ���L�Õ�ˆ�•�`��
up linepack before the abrupt 
�ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���}�>�Ã���`�i�“�>�˜�`�°

The comparison between the 
�}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���•�ˆ�˜�i�«�>�V�Ž���v�œ�À���Ì�…�i���Ì�Ü�œ��
�`�i�“�>�˜�`���«�À�œ�w�•�i�Ã���Ã�…�œ�Ü�Ã���œ�˜�•�Þ���Ã�“�>�•�•��
differences���
�U�G�G���(�K�I�W�T�G��������. 

���˜���Ì�…�i���w�À�Ã�Ì���Ã�ˆ�Ý���…�œ�Õ�À�Ã�]���Ì�…�i���•�ˆ�˜�i�«�>�V�Ž��
�ˆ�Ã���}�À�>�`�Õ�>�•�•�Þ���ˆ�˜�V�À�i�>�Ã�i�`���Ì�œ���ˆ�Ì�Ã��
�“�>�Ý�ˆ�“�Õ�“���v�œ�À���L�œ�Ì�…���	�>�Ã�i�•�ˆ�˜�i���>�˜�`��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���V�>�Ã�i�Ã���Ì�œ��
enable the network to meet the 
�ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���}�>�Ã���`�i�“�>�˜�`�°

�‚�•�Ì�…�œ�Õ�}�…���Ì�…�i���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���}�>�Ã��
�`�i�“�>�˜�`���v�œ�À���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã���«�À�œ�w�•�i���œ�V�V�Õ�À�Ã���À�>�«�ˆ�`�•�Þ��
�Ü�ˆ�Ì�…�ˆ�˜���œ�˜�i���…�œ�Õ�À�]���Ì�…�i���ˆ�˜�Ì�À�œ�`�Õ�V�Ì�ˆ�œ�˜��
�œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã��
�À�i�`�Õ�V�i�Ã���Ì�…�i���Ì�œ�Ì�>�•���}�>�Ã���`�i�“�>�˜�`��
�`�Õ�À�ˆ�˜�}���…�œ�Õ�À�Ã���Î���>�˜�`���Ç���`�Õ�i���Ì�œ��
the contribution of ASHPs that 
�À�i�«�•�>�V�i���…�i�>�Ì�ˆ�˜�}���Ã�Õ�«�«�•�ˆ�i�`���L�Þ��
conventional boilers. Due to 
�Ì�…�i���Ã�Õ�v�w�V�ˆ�i�˜�Ì���•�ˆ�˜�i�«�>�V�Ž���V�>�«�>�V�ˆ�Ì�Þ��
�ˆ�˜���Ì�…�i���-�œ�Õ�Ì�…���7�>�•�i�Ã���­�
�i�˜�Ì�À�>�•�®��
�}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�]���Ì�…�i���˜�i�Ì�Ü�œ�À�Ž���V�>�˜��

handle the abrupt increase in 
�}�>�Ã���`�i�“�>�˜�`���V�>�Õ�Ã�i�`���L�Þ���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�°

For both ‘baseline’  and ‘hybrid 
heating system’ cases the 
demand was totally met without 
�>�˜�Þ���•�œ�>�`���Ã�…�i�`�`�ˆ�˜�}���>�˜�`���Û�ˆ�œ�•�>�Ì�ˆ�œ�˜��
of pressure limits. 

Figure 36���Ã�…�œ�Ü�Ã���}�>�Ã���Ã�Õ�«�«�•�Þ���>�˜�`��
�`�i�“�>�˜�`���ˆ�˜���Ì�…�i���¼�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã�½���V�>�Ã�i�]���Ü�…�i�À�i���>�•�“�œ�Ã�Ì��
�ä�°�£�x���“�V�“���œ�v���}�>�Ã���Ü�>�Ã���Ã�Õ�«�«�•�ˆ�i�`��
by linepack depletion to enable 
�“�i�i�Ì�ˆ�˜�}���Ì�…�i���«�i�>�Ž���}�>�Ã���`�i�“�>�˜�`��
that occurred at 08:00.

5.7  Impacts of hybrid 
heating systems on  
the operation of HighP 

�(�K�I�W�T�G�����������.�K�P�G�R�C�E�M���X�C�T�K�C�V�K�Q�P�U

Figure 36: Gas supply and demand for the hybrid heating systems case
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5.8  Low pressure 
distribution networks 
(< 75 mbar)

�(�K�I�W�T�G�����������)�C�U���P�G�V�Y�Q�T�M���V�Q�R�Q�N�Q�I�[���H�Q�T���.�2����

The topology of LP#1 is shown in �(�K�I�W�T�G������.

���>�Ã���y�œ�Ü���>�˜�>�•�Þ�Ã�ˆ�Ã���Ü�>�Ã���V�>�À�À�ˆ�i�`���œ�Õ�Ì���v�œ�À���Ì�…�ˆ�Ã���Ì�i�Ã�Ì���˜�i�Ì�Ü�œ�À�Ž���Ì�œ���ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�i��
�…�œ�Ü���Ì�…�i���À�œ�•�•�‡�œ�Õ�Ì���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�œ�Õ�•�`���«�œ�Ì�i�˜�Ì�ˆ�>�•�•�Þ���>�v�v�i�V�Ì���Ì�…�i��
�œ�«�i�À�>�Ì�ˆ�œ�˜���œ�v���>���•�œ�Ü���«�À�i�Ã�Ã�Õ�À�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�°�����˜���«�>�À�Ì�ˆ�V�Õ�•�>�À�]���Ì�…�i���v�œ�V�Õ�Ã���œ�v���Ì�…�ˆ�Ã��
�>�˜�>�•�Þ�Ã�ˆ�Ã���ˆ�Ã���Ü�…�i�Ì�…�i�À���Ã�Õ�`�`�i�˜���>�˜�`���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���ˆ�˜�V�À�i�>�Ã�i�Ã���ˆ�˜���Ì�…�i���}�>�Ã���`�i�“�>�˜�`��
can be met. The test network consists of 11 nodes and 14 pipes.  
�/�…�i���}�>�Õ�}�i���«�À�i�Ã�Ã�Õ�À�i���>�Ì���Ì�…�i���Ã�œ�Õ�À�V�i���˜�œ�`�i���ˆ�Ã��75 mbar.  

�/�…�i���L�>�Ã�i�•�ˆ�˜�i���}�>�Ã���`�i�“�>�˜�`���«�À�œ�w�•�i�Ã���v�œ�À���Û�>�À�ˆ�œ�Õ�Ã���˜�œ�`�i�Ã���>�À�i���«�À�i�Ã�i�˜�Ì�i�`���ˆ�˜��
Figure 38�°���-�ˆ�“�ˆ�•�>�À���Ì�œ���Ì�…�i���…�ˆ�}�…���«�À�i�Ã�Ã�Õ�À�i���V�>�Ã�i���Ã�Ì�Õ�`�Þ�]���˜�i�Ü���}�>�Ã���`�i�“�>�˜�`��
�«�À�œ�w�•�i�Ã���Ü�i�À�i���V�À�i�>�Ì�i�`���v�œ�À���i�>�V�…���˜�œ�`�i���Ì�œ���V�œ�˜�Ã�ˆ�`�i�À���Ì�…�i���ˆ�“�«�>�V�Ì���œ�v��
�i�“�«�•�œ�Þ�ˆ�˜�}���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���œ�˜���}�>�Ã���`�i�“�>�˜�`�°�����Ì���Ü�>�Ã���>�Ã�Ã�Õ�“�i�`��
�Ì�…�>�Ì���}�>�Ã���`�i�“�>�˜�`���ˆ�˜���Ì�…�i���«�À�i�Ã�i�˜�V�i���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���ˆ�Ã���>�Ì���ˆ�Ì�Ã��
�“�ˆ�˜�ˆ�“�Õ�“���•�i�Û�i�•���v�œ�À���Ì�…�i���w�À�Ã�Ì���Ã�ˆ�Ý���…�œ�Õ�À�Ã���œ�v���Ì�…�i���Ì�ˆ�“�i���…�œ�À�ˆ�â�œ�˜�]���>�˜�`���Ì�…�i�˜���>�Ì��
�ä�Ç�\�ä�ä���Ã�Õ�`�`�i�˜�•�Þ���Ü�ˆ�•�•���ˆ�˜�V�À�i�>�Ã�i���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���`�Õ�i���Ì�œ���>���Ã�…�ˆ�v�Ì���v�À�œ�“���Õ�Ã�ˆ�˜�}��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���ˆ�˜���…�i�>�Ì���«�Õ�“�«�Ã���Ì�œ���Õ�Ã�ˆ�˜�}���}�>�Ã���ˆ�˜���L�œ�ˆ�•�i�À�Ã�°

�(�K�I�W�T�G�����������$�C�U�G�N�K�P�G���I�C�U���F�G�O�C�P�F���R�T�Q�‚�N�G�U���H�Q�T���X�C�T�K�Q�W�U���P�Q�F�G�U

���ˆ�Û�i�˜���}�>�Ã���`�i�“�>�˜�`���v�œ�À���Ì�…�i��
�L�>�Ã�i�•�ˆ�˜�i���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã���`�i�“�>�˜�`���Ã�V�i�˜�>�À�ˆ�œ�Ã�] 
�}�>�Ã���y�œ�Ü�Ã���>�•�œ�˜�}���Ì�…�i���«�ˆ�«�i�Ã���>�Ã��
well as nodal pressures were 
calculated for the whole time 
�…�œ�À�ˆ�â�œ�˜���­�Ó�{���…�œ�Õ�À�Ã�®���Ì�œ���V�…�i�V�Ž��
�Ü�…�i�Ì�…�i�À���Ì�…�i���}�>�Ã���`�i�“�>�˜�`���Ü�ˆ�•�• 
�L�i���“�i�Ì���Ü�ˆ�Ì�…�œ�Õ�Ì���Û�ˆ�œ�•�>�Ì�ˆ�˜�} 
pressure limits. 

5.9  Impacts of hybrid heating systems 
on the operation of LP#1

�(�K�I�W�T�G��������shows the gas supplied from the higher pressure tier and 
total gas demand are in balance at each time step for the hybrid 
heating systems demand scenario. 

Figure 39: Gas supply and demand in the presence of hybrid heating systems

�1�˜�•�ˆ�Ž�i���…�ˆ�}�…���«�À�i�Ã�Ã�Õ�À�i���˜�i�Ì�Ü�œ�À�Ž�Ã�]��
there is no role for linepack to 
contribute to supply and demand 
�L�>�•�>�˜�V�ˆ�˜�}�°���/�…�ˆ�Ã���ˆ�Ã���`�Õ�i���Ì�œ���Ì�…�i��
small within-pipe volume and 
�•�œ�Ü���œ�«�i�À�>�Ì�ˆ�˜�}���«�À�i�Ã�Ã�Õ�À�i���œ�v���Ì�…�i��
�Ì�i�Ã�Ì���˜�i�Ì�Ü�œ�À�Ž�]���Ü�…�ˆ�V�…���À�i�Ã�Õ�•�Ì�Ã���ˆ�˜��
�˜�i�}�•�ˆ�}�ˆ�L�•�i���>�V�V�Õ�“�Õ�•�>�Ì�ˆ�œ�˜���œ�v���}�>�Ã��
within the network. As the low 
pressure network covers a small 
�}�i�œ�}�À�>�«�…�ˆ�V�>�•���>�À�i�>���­�V�œ�“�«�>�À�i�`��
�Ü�ˆ�Ì�…���…�ˆ�}�…���«�À�i�Ã�Ã�Õ�À�i���˜�i�Ì�Ü�œ�À�Ž�Ã�®��
�Ì�…�i���Ì�ˆ�“�i���Ì�>�Ž�i�˜���v�œ�À���}�>�Ã���Ì�œ���Ì�À�>�Û�i�•��
from the supply node to demand 
�˜�œ�`�i�Ã���ˆ�Ã���˜�i�}�•�ˆ�}�ˆ�L�•�i���>�˜�`���Ì�…�i�À�i�v�œ�À�i��
it can be assumed that the low 
pressure network behaves in a 
steady-state manner. 

Figure 40���Ã�…�œ�Ü�Ã���Ì�…�i���}�>�Ã��
pressure for different nodes at 
�ä�n�\�ä�ä���Ü�…�i�˜���}�>�Ã���`�i�“�>�˜�`���ˆ�Ã���Ì�…�i��
�…�ˆ�}�…�i�Ã�Ì�°���/�…�i���À�i�Ã�Õ�•�Ì�Ã���Ã�Õ�}�}�i�Ã�Ì���Ì�…�>�Ì��
�Ì�…�i���«�À�i�Ã�Ã�Õ�À�i���«�À�œ�w�•�i���>�V�À�œ�Ã�Ã���Ì�…�i��
network is almost the same for 
different demand scenarios and 
operational approaches.

�(�K�I�W�T�G�����������2�T�G�U�U�W�T�G���R�T�Q�‚�N�G���H�Q�T���.�2�������C�V���������������
�R�G�C�M�����H�Q�T���F�K�H�H�G�T�G�P�V���U�E�G�P�C�T�K�Q�U
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5 .   E L E C T R I C I T Y  A N D  G A S  N E T W O R K  I M PA C T

5.10  Low pressure gas 
network LP#2

To ensure the conclusion 
made for LP#1 is valid 
for other low pressure 
gas networks, a larger 
low pressure gas network 
(LP#2) was also modelled. 
The topology of LP#2 is 
shown in �(�K�I�W�T�G������.

�/�…�i���“�œ�`�i�•�•�ˆ�˜�}���À�i�Ã�Õ�•�Ì�Ã���v�œ�À�����*�›�Ó��
�>�À�i���ˆ�˜���>�}�À�i�i�“�i�˜�Ì���Ü�ˆ�Ì�…���Ì�…�œ�Ã�i���œ�v��
LP#1 and demonstrate that the 
large-scale penetration  
of hybrid heating systems  
will not affect the operation  
of low-pressure gas networks.

�(�K�I�W�T�G�����������)�C�U���P�G�V�Y�Q�T�M���V�Q�R�Q�N�Q�I�[���H�Q�T���.�2����

�(�K�I�W�T�G�����������2�T�G�U�U�W�T�G���R�T�Q�‚�N�G���H�Q�T���.�2�������C�V���������������
�R�G�C�M�����H�Q�T���F�K�H�H�G�T�G�P�V���U�E�G�P�C�T�K�Q�U

5.11  Conclusion

A statistical representative network method based on fractal theory has been 
�C�R�R�N�K�G�F���V�Q���E�C�N�E�W�N�C�V�G���V�J�G���R�Q�V�G�P�V�K�C�N���D�G�P�G�‚�V���Q�H���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U���E�Q�O�R�C�T�G�F��
to ASHP-only installations by mitigating/deferring electricity distribution 
network upgrades. 

Figure 43���Ã�…�œ�Ü�Ã���Ì�…�i��� �i�Ì���*�À�i�Ã�i�˜�Ì���6�>�•�Õ�i���­� �*�6�®���œ�v���Ã�>�Û�i�`���˜�i�Ì�Ü�œ�À�Ž���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì���V�œ�Ã�Ì�Ã���v�œ�À���`�ˆ�v�v�i�À�i�˜�Ì��
scenarios. Savings over 32 years are estimated at £257m ���ˆ�˜���Ì�…�i���‚�-���*���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã��
�Ã�V�i�˜�>�À�ˆ�œ�]��increasing to £820m if only hybrid heating systems are installed. Demand response 
could further increase savings by about £38m,  while Economy and DUoS tariffs could potentially 
�ˆ�˜�V�À�i�>�Ã�i���Ã�>�Û�ˆ�˜�}�Ã���L�Þ��£53m  and £104m, ���À�i�Ã�«�i�V�Ì�ˆ�Û�i�•�Þ�°�����ˆ�˜�>�•�•�Þ�]���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•���œ�v���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�œ�Õ�•�`���«�œ�Ì�i�˜�Ì�ˆ�>�•�•�Þ���«�À�œ�Û�ˆ�`�i���v�Õ�À�Ì�…�i�À���L�i�˜�i�w�Ì�Ã���œ�v���>�L�œ�Õ�Ì��£115m.

Sequential steady-state  
�“�œ�`�i�•�•�ˆ�˜�}���Ü�>�Ã���«�i�À�v�œ�À�“�i�`�� 
�Ì�œ���ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�i���Ì�…�i���ˆ�“�«�>�V�Ì���œ�v�� 
�>���•�>�À�}�i�‡�Ã�V�>�•�i���`�i�«�•�œ�Þ�“�i�˜�Ì�� 
�œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�� 
�œ�˜���…�ˆ�}�…���>�˜�`���•�œ�Ü�‡�«�À�i�Ã�Ã�Õ�À�i�� 
�}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�Ã�°��

���˜���Ì�…�i���…�ˆ�}�…�‡�«�À�i�Ã�Ã�Õ�À�i���}�>�Ã��
�`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�]���Ì�…�i���Ã�Õ�`�`�i�˜��
�ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���Ì�…�i���}�>�Ã���`�i�“�>�˜�`��
caused by the operation of 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�>�˜��
�L�i���“�i�Ì���Ì�…�À�œ�Õ�}�…���Õ�Ã�ˆ�˜�}���Ì�…�i���}�>�Ã��
�˜�i�Ì�Ü�œ�À�Ž�½�Ã���•�ˆ�˜�i�«�>�V�Ž�°�����œ�Ü�i�Û�i�À�]���Ì�…�i��
key factor in the capability of 
�Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���ˆ�˜���`�i�>�•�ˆ�˜�}���Ü�ˆ�Ì�…��
�À�>�«�ˆ�`���>�˜�`���•�>�À�}�i���ˆ�˜�V�À�i�>�Ã�i�Ã���ˆ�˜���}�>�Ã��
demand is the ‘predictability’ 

of the demand. The preliminary 
�“�œ�`�i�•�•�ˆ�˜�}���Ü�œ�À�Ž�Ã���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`��
�Ì�…�>�Ì���L�Þ���…�>�Û�ˆ�˜�}���Ž�˜�œ�Ü�•�i�`�}�i���>�L�œ�Õ�Ì��
�Ì�…�i���œ�V�V�Õ�À�À�i�˜�V�i���œ�v���>���•�>�À�}�i���>�˜�`��
�À�>�«�ˆ�`���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���Ì�…�i���}�>�Ã���`�i�“�>�˜�`��
�ˆ�˜���v�Õ�Ì�Õ�À�i�]���Ì�…�i���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À��
can pressurise the network to 
�>�V�V�Õ�“�Õ�•�>�Ì�i���“�œ�À�i���}�>�Ã���ˆ�˜���«�ˆ�«�i�•�ˆ�˜�i�Ã��
�­�ˆ�˜�V�À�i�>�Ã�ˆ�˜�}���Ì�…�i���•�ˆ�˜�i�«�>�V�Ž�®���ˆ�˜��
advance to deal with the increase 
�ˆ�˜���Ì�…�i���`�i�“�>�˜�`�°�����œ�Ü�i�Û�i�À�]���Ì�œ���`�i�>�•��
with the increased uncertainty 
�ˆ�˜���}�>�Ã���`�i�“�>�˜�`���ˆ�˜�Ì�À�œ�`�Õ�V�i�`��
�L�Þ���`�i�«�•�œ�Þ�ˆ�˜�}���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã�]���Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���>�•�Ü�>�Þ�Ã��
�˜�i�i�`�Ã���Ì�œ���“�>�Ý�ˆ�“�ˆ�Ã�i���ˆ�Ì�Ã���•�ˆ�˜�i�«�>�V�Ž�°��
�‚���«�œ�Ã�Ã�ˆ�L�•�i���Ã�œ�•�Õ�Ì�ˆ�œ�˜���v�œ�À���`�i�>�•�ˆ�˜�}��
with the unforeseen and abrupt 

�ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���}�>�Ã���`�i�“�>�˜�`���ˆ�Ã��
�ˆ�˜�Ã�Ì�>�•�•�ˆ�˜�}���v�>�Ã�Ì�‡�V�Þ�V�•�i���}�>�Ã���Ã�Ì�œ�À�>�}�i��
�­�ˆ�°�i�°���…�ˆ�}�…���«�À�i�Ã�Ã�Õ�À�i���L�Õ�•�•�i�Ì�Ã�®���œ�˜��
�}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�Ã�°�����˜��
�>�`�`�ˆ�Ì�ˆ�œ�˜�]���>���}�À�>�`�Õ�>�•���Ã�…�ˆ�v�Ì���v�À�œ�“���…�i�>�Ì��
�«�Õ�“�«�Ã���Ì�œ���}�>�Ã���L�œ�ˆ�•�i�À�Ã���}�ˆ�Û�i�Ã���Ì�…�i��
�}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���Ã�Þ�Ã�Ì�i�“���œ�«�i�À�>�Ì�œ�À��
�Ã�Õ�v�w�V�ˆ�i�˜�Ì���Ì�ˆ�“�i���Ì�œ���ˆ�˜�V�À�i�>�Ã�i���Ì�…�i��
network’s linepack and prepare to 
�Ã�Õ�«�«�•�Þ���Ì�…�i���«�i�>�Ž���}�>�Ã���`�i�“�>�˜�`�°

���˜���Ì�…�i���•�œ�Ü�‡�«�À�i�Ã�Ã�Õ�À�i���}�>�Ã��
�`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�]���>�Ã���v�>�À���>�Ã��
�}�>�Ã���ˆ�Ã���>�Û�>�ˆ�•�>�L�•�i���v�À�œ�“���Ì�…�i���…�ˆ�}�…�i�À��
�«�À�i�Ã�Ã�Õ�À�i���Ì�ˆ�i�À�Ã�]���Ì�…�i���˜�i�Ì�Ü�œ�À�Ž���V�>�˜��
�`�i�>�•���Ü�ˆ�Ì�…���>�˜���Õ�˜�v�œ�À�i�Ã�i�i�˜�]���>�L�À�Õ�«�Ì��
�>�˜�`���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���}�>�Ã��
�`�i�“�>�˜�`���Ü�ˆ�Ì�…�œ�Õ�Ì���Û�ˆ�œ�•�>�Ì�ˆ�˜�}���Ì�…�i��
pressure limits.

Figure 43: NPV for different scenarios
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6.  Whole-system 
assessment of the 
impact of hybrid 
heating systems 

�'�N�G�E�V�T�K�‚�E�C�V�K�Q�P���Q�H���V�J�G���J�G�C�V�K�P�I���U�G�E�V�Q�T�����C�U���R�C�T�V���Q�H���V�J�G 
overall mission to decarbonise the energy system,  
�Y�K�N�N���T�G�S�W�K�T�G���U�K�I�P�K�‚�E�C�P�V���K�P�X�G�U�V�O�G�P�V���K�P���N�Q�Y���E�C�T�D�Q�P��
�G�N�G�E�V�T�K�E�K�V�[���I�G�P�G�T�C�V�K�Q�P���C�P�F���O�C�[���C�N�U�Q���N�G�C�F���V�Q���U�K�I�P�K�‚�E�C�P�V��
increases in peak electricity demand and hence drive 
distribution network reinforcement and investment in 
generation peaking plant. In this context, the application 
of hybrid heating systems that combine an ASHP with 
�C���H�Q�U�U�K�N���H�W�G�N���D�Q�K�N�G�T���
�O�Q�U�V�N�[���I�C�U�����C�T�G���U�J�Q�Y�K�P�I���U�K�I�P�K�‚�E�C�P�V��
�C�F�X�C�P�V�C�I�G�U���D�C�U�G�F���Q�P���V�J�G���F�W�C�N���H�W�G�N���ƒ�G�Z�K�D�K�N�K�V�[��

�/�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ì�œ���Ã�Ü�ˆ�Ì�V�…���L�i�Ì�Ü�i�i�˜���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`���}�>�Ã���V�>�˜���>�•�Ã�œ���«�À�œ�Û�ˆ�`�i���Û�>�À�ˆ�œ�Õ�Ã��
�Ã�i�À�Û�ˆ�V�i�Ã���Ì�œ���Ì�…�i���i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“�]���Ã�Õ�V�…���>�Ã���«�i�>�Ž���`�i�“�>�˜�`���“�>�˜�>�}�i�“�i�˜�Ì���Ì�œ���À�i�`�Õ�V�i���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì���ˆ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�>�˜�`���˜�i�Ì�Ü�œ�À�Ž���>�Ã�Ã�i�Ì�Ã�]���>�Ã���Ü�i�•�•���>�Ã���y�i�Ý�ˆ�L�•�i���Ã�i�À�Û�ˆ�V�i�Ã���Ã�Õ�V�…���>�Ã���v�À�i�µ�Õ�i�˜�V�Þ���À�i�Ã�«�œ�˜�Ã�i���>�˜�`���À�i�Ã�i�À�Û�i���Ã�i�À�Û�ˆ�V�i�Ã���Ì�œ���Ã�Õ�«�«�œ�À�Ì��
electricity system operation in future low-carbon systems.

���˜���•�ˆ�}�…�Ì���œ�v���Ì�…�i���>�L�œ�Û�i�]�����“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i���«�À�i�Ã�i�˜�Ì���Ž�i�Þ���À�i�Ã�Õ�•�Ì�Ã���œ�v���V�>�Ã�i���Ã�Ì�Õ�`�ˆ�i�Ã���Ì�…�>�Ì���ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�i�`���Ì�…�i���Ã�Þ�Ã�Ì�i�“��
�ˆ�“�«�•�ˆ�V�>�Ì�ˆ�œ�˜�Ã���>�˜�`���L�i�˜�i�w�Ì�Ã���œ�v���>�`�œ�«�Ì�ˆ�˜�}���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ì�i�V�…�˜�œ�•�œ�}�Þ���ˆ�˜���Ì�…�i���v�Õ�Ì�Õ�À�i���1�����i�˜�i�À�}�Þ��
�Ã�Þ�Ã�Ì�i�“���Ü�ˆ�Ì�…���`�ˆ�v�v�i�À�i�˜�Ì���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�Ã�°�����“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i���…�>�Ã���µ�Õ�>�˜�Ì�ˆ�w�i�`���Ì�…�i���L�i�˜�i�w�Ì�Ã���œ�v���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•�� 
�œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�]���ˆ�˜�v�œ�À�“�i�`���L�Þ���Ì�À�ˆ�>�•�Ã���V�>�À�À�ˆ�i�`���œ�Õ�Ì���ˆ�˜���Ì�…�i���«�À�œ�•�i�V�Ì�°��
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6 .   W H O L E - S Y S T E M  A S S E S S M E N T  O F  T H E  I M PA C T  O F  H Y B R I D  H E AT I N G  S Y S T E M S 

�����������6�J�G���D�G�P�G�‚�V�U��
of deploying 
PassivSystems'  
smart hybrid  
heating systems  
�V�Q���V�J�G���H�W�V�W�T�G���7�-�� 
�G�N�G�E�V�T�K�E�K�V�[���U�[�U�V�G�O

A set of case studies were carried out to investigate 
�V�J�G���K�O�R�N�K�E�C�V�K�Q�P�U���C�P�F���S�W�C�P�V�K�H�[���V�J�G���T�C�P�I�G���Q�H���D�G�P�G�‚�V�U 
of rolling-out PassivSystems' smart hybrid heating 
to the future UK electricity systems. The studies 
focus on:

�� ���
�œ�Ã�Ì���>�˜�`���L�i�˜�i�w�Ì�Ã���œ�v���Õ�Ã�ˆ�˜�}���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�} 
systems3 compared with the use of ASHPs4 for two different 
�>�˜�˜�Õ�>�•���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�Ã�]���ˆ�°�i�°��100g and 25g CO 2/kWh. 
�
�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã���v�À�œ�“���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�]���}�>�Ã�]���>�˜�`���Ì�À�>�˜�Ã�«�œ�À�Ì 
�­�Ü�…�ˆ�V�…���ˆ�Ã���i�•�i�V�Ì�À�ˆ�w�i�`�®���>�À�i���V�œ�˜�Ã�ˆ�`�i�À�i�`���ˆ�˜���Ì�…�ˆ�Ã���Ã�Ì�Õ�`�Þ�°

�� �����“�«�>�V�Ì���œ�v���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���œ�˜���Ì�…�i 
�œ�«�Ì�ˆ�“�ˆ�Ã�i�`���«�œ�Ü�i�À���Ã�Þ�Ã�Ì�i�“���V�>�«�>�V�ˆ�Ì�Þ���­�}�i�˜�i�À�>�Ì�ˆ�œ�˜���“�ˆ�Ý�i�Ã�]���˜�i�Ì�Ü�œ�À�Ž�®��
�>�˜�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�œ�`�Õ�V�Ì�ˆ�œ�˜���­�i�˜�i�À�}�Þ���“�ˆ�Ý�i�Ã�®�°

�� ���/�…�i���L�i�˜�i�w�Ì�Ã���œ�v���ˆ�“�«�•�i�“�i�˜�Ì�ˆ�˜�}���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•��
�Ì�i�V�…�˜�œ�•�œ�}�Þ���Ì�œ���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ì�…�>�Ì���Õ�Ã�i���>��
�«�À�i�…�i�>�Ì�ˆ�˜�}���Ã�Ì�À�>�Ì�i�}�Þ���>�˜�`���ˆ�“�«�À�œ�Û�i���Ì�…�i���i�˜�i�À�}�Þ���i�v�w�V�ˆ�i�˜�V�Þ�°

The studies consider the decarbonisation of all future UK heat  
�`�i�“�>�˜�`���­�>�À�œ�Õ�˜�`���È�Î�ä���/�7�…�Ì�…�®���V�œ�Û�i�À�ˆ�˜�}���`�œ�“�i�Ã�Ì�ˆ�V���>�˜�`���˜�œ�˜�‡�`�œ�“�i�Ã�Ì�ˆ�V��
thermal loads. 

3  Assumes a connected hybrid heating system that is responsive to energy  

system conditions, a subset of the PassivSystems control functionality 

4  Assumes a non-connected ASHP operating with standard controls typical  

of current market products

�����������$�G�P�G�‚�V�U���Q�H���T�G�U�R�Q�P�U�K�X�G�� 
hybrid heating systems

�(�K�I�W�T�G������ shows the difference between the annual 
costs of a system with ASHPs (as the counterfactual) 
and a system with responsive hybrid heating systems 
for two carbon targets; 100g and 25g CO 2/kWh 
�C�U�U�W�O�K�P�I���V�J�G�T�G���K�U���P�Q���Q�V�J�G�T���F�G�O�C�P�F���ƒ�G�Z�K�D�K�N�K�V�[���C�P�F���P�Q��
additional new electricity storage or thermal energy 
storage/preheating.

The system costs considered in this study comprise:

�U�� ���‚�˜�˜�Õ�ˆ�Ì�ˆ�Ã�i�`���V�>�«�i�Ý���œ�v���˜�i�Ì�Ü�œ�À�Ž���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì 
�­�`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜�]���ˆ�˜�Ì�i�À�V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�]���Ì�À�>�˜�Ã�“�ˆ�Ã�Ã�ˆ�œ�˜�®

�U�� ���‚�˜�˜�Õ�ˆ�Ì�ˆ�Ã�i�`���V�>�«�i�Ý���œ�v���}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì���`�ˆ�Û�ˆ�`�i�`���ˆ�˜�Ì�œ���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì��
in traditional fossil-fuelled power plant and low-carbon power 
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���ˆ�˜�V�•�Õ�`�ˆ�˜�}���˜�Õ�V�•�i�>�À�]���
�
�-�]���>�˜�`���À�i�˜�i�Ü�>�L�•�i�Ã���­�Ü�ˆ�˜�`���>�˜�`���*�6�®

�U�� ���"�«�i�À�>�Ì�ˆ�˜�}���V�œ�Ã�Ì���œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���ˆ�˜�V�•�Õ�`�ˆ�˜�}���v�Õ�i�•�]���˜�œ�‡�•�œ�>�`�]���>�˜�`���Ã�Ì�>�À�Ì�‡�Õ�«��
�V�œ�Ã�Ì�Ã���œ�v���}�i�˜�i�À�>�Ì�œ�À�Ã

�U�� �"�«�i�À�>�Ì�ˆ�˜�}���V�œ�Ã�Ì���œ�v���}�>�Ã���v�œ�À���…�i�>�Ì�ˆ�˜�}�°

�/�…�i���V�œ�Ã�Ì���œ�v���“�>�ˆ�˜�Ì�>�ˆ�˜�ˆ�˜�}���Ì�…�i���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���ˆ�˜�v�À�>�Ã�Ì�À�Õ�V�Ì�Õ�À�i�]�� 
�Ì�…�i���V�œ�Ã�Ì���œ�v���…�i�>�Ì�ˆ�˜�}���>�«�«�•�ˆ�>�˜�V�i�Ã���>�˜�`���Ì�…�i���V�œ�Ã�Ì���œ�v���…�œ�Õ�Ã�i�…�œ�•�`���V�œ�˜�Û�i�À�Ã�ˆ�œ�˜��
�˜�i�i�`�i�`���Ì�œ���>�V�V�œ�“�“�œ�`�>�Ì�i���‚�-���*�Ã���œ�À���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã��
�>�À�i���i�Ý�V�•�Õ�`�i�`���v�À�œ�“���Ì�…�ˆ�Ã���>�˜�>�•�Þ�Ã�ˆ�Ã�°

�(�K�I�W�T�G�����������5�[�U�V�G�O���N�G�X�G�N���D�G�P�G�‚�V�U���Q�H���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U
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�/�…�i���À�i�Ã�Õ�•�Ì�Ã���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i���Ì�…�>�Ì���Ì�…�i���Õ�Ã�i���œ�v���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã���À�i�`�Õ�V�i�Ã���Ì�…�i���V�œ�Ã�Ì���œ�v���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì�]���œ�«�i�Ý��
�œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`���Ì�…�i���œ�Û�i�À�>�•�•���}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�«�i�Ý�]���>�•�Ì�…�œ�Õ�}�…���Ì�…�i���V�œ�Ã�Ì���œ�v��
�•�œ�Ü�‡�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�˜�V�À�i�>�Ã�i�Ã�°���/�…�i���ˆ�“�«�>�V�Ì���œ�˜���Ì�À�>�˜�Ã�“�ˆ�Ã�Ã�ˆ�œ�˜���>�˜�`��
�ˆ�˜�Ì�i�À�V�œ�˜�˜�i�V�Ì�ˆ�œ�˜���ˆ�Ã���“�œ�`�i�Ã�Ì�°���/�…�i���Ã�>�Û�ˆ�˜�}�Ã���>�À�i���œ�L�Ì�>�ˆ�˜�i�`���L�Þ���«�À�œ�Û�ˆ�`�ˆ�˜�}��
�V�À�œ�Ã�Ã�‡�i�˜�i�À�}�Þ�‡�Ã�Þ�Ã�Ì�i�“���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���i�˜�>�L�•�ˆ�˜�}���Ì�…�i���Ã�Ü�ˆ�Ì�V�…���L�i�Ì�Ü�i�i�˜���i�•�i�V�Ì�À�ˆ�V��
�>�˜�`���}�>�Ã���…�i�>�Ì�ˆ�˜�}���Ì�œ���“�ˆ�˜�ˆ�“�ˆ�Ã�i���Ì�…�i���œ�Û�i�À�>�•�•���Ã�Þ�Ã�Ì�i�“���V�œ�Ã�Ì�Æ���V�œ�˜�Ã�i�µ�Õ�i�˜�Ì�•�Þ�] 
�Ì�…�i���œ�«�i�Ý���œ�v���}�>�Ã���­�v�œ�À���…�i�>�Ì�ˆ�˜�}�®���œ�v�v�Ã�i�Ì�Ã���Ã�•�ˆ�}�…�Ì�•�Þ���Ì�…�i���L�i�˜�i�w�Ì�°

�6�J�G���D�G�P�G�‚�V�U���Q�H���T�G�U�R�Q�P�U�K�X�G��
hybrid heating systems are 
lower in a system with a more 
demanding carbon target  
�>�Ã���Ì�…�i���Õ�Ã�>�}�i���œ�v���}�>�Ã���L�i�V�œ�“�i�Ã��
�•�i�Ã�Ã���ˆ�˜���Ì�…�i���Ó�x�}���V�>�Ã�i�°���/�…�ˆ�Ã���ˆ�Ã���˜�œ�Ì��
�Õ�˜�i�Ý�«�i�V�Ì�i�`���>�Ã���Ì�…�i���}�>�Ã���Õ�Ã�>�}�i��
will be constrained by the 
�V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�°���
�œ�˜�Ã�i�µ�Õ�i�˜�Ì�•�Þ�]��
�Ì�…�ˆ�Ã���ˆ�˜�V�À�i�>�Ã�i�Ã���Ì�…�i���i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜��
of heat demand and reduces the 
�L�i�˜�i�w�Ì�Ã���œ�v���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`��

�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�°���‚�•�Ì�i�À�˜�>�Ì�ˆ�Û�i�•�Þ�]���Ì�…�i��
natural gas can be substituted 
by biogas to decarbonise the 
gas system;  this can improve the 
�Õ�Ì�ˆ�•�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v���}�>�Ã�‡�L�>�Ã�i�`���…�i�>�Ì�ˆ�˜�}��
appliances. 

�/�…�i���ˆ�“�«�•�ˆ�V�>�Ì�ˆ�œ�˜�Ã���œ�v���Õ�Ã�ˆ�˜�}��
�À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã���œ�˜���Ì�…�i���«�œ�Ü�i�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
portfolio are demonstrated in 
�(�K�I�W�T�G������.
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�(�K�I�W�T�G�����������+�P�U�V�C�N�N�G�F���I�G�P�G�T�C�V�K�Q�P���E�C�R�C�E�K�V�[

The results show that the responsive hybrid heating system cases 
�T�G�S�W�K�T�G���N�G�U�U���‚�T�O���I�G�P�G�T�C�V�K�P�I���E�C�R�C�E�K�V�[���­�˜�i�i�`�i�`���v�œ�À���Ã�i�V�Õ�À�ˆ�Ì�Þ���À�i�>�Ã�œ�˜�Ã�®��
than the capacity needed in the electric cases. It is noticeable that the 
capacities of open cycle gas turbines (OCGTs), combined cycle gas 
turbines (CCGT) and nuclear in the ASHP case are much higher 
than the corresponding capacities ���ˆ�˜���Ì�…�i���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
system case. 

There is a small increase in the 
requirement for low-carbon 
generation  in the responsive 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���V�>�Ã�i�°���/�…�ˆ�Ã��
�ˆ�Ã���Õ�˜�i�Ý�«�i�V�Ì�i�`���Ã�ˆ�˜�V�i���Ì�…�i���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã��
from the electricity sector have 
to be reduced to compensate for 
�Ì�…�i���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã���v�À�œ�“���}�>�Ã�°��

�‚�Ã���i�Ý�«�i�V�Ì�i�`�]���Ìhe total electric 
demand in the responsive 
hybrid heating system case is 
smaller than in the ASHP case  
�>�Ã���Ì�…�i���Õ�Ã�i���œ�v���}�>�Ã���L�œ�ˆ�•�i�À�Ã���À�i�`�Õ�V�i�Ã��
the annual demand consumed 
by the ASHP. The difference 
between the ASHP and the 
�À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
cases becomes smaller in the 
�Ó�x�}���Ã�V�i�˜�>�À�ˆ�œ���>�Ã���Ì�…�i���Õ�Ã�i���œ�v���}�>�Ã���ˆ�Ã��
�V�œ�˜�Ã�Ì�À�>�ˆ�˜�i�`���L�Þ���Ì�…�i���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�°

Figure 46: Annual electricity production in different cases

�����������$�G�P�G�‚�V�U���Q�H���T�G�U�R�Q�P�U�K�X�G���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U
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�6�J�G���D�G�P�G�‚�V�U���Q�H���T�G�U�R�Q�P�U�K�X�G��
hybrid heating systems to 
ASHPs become less if the 
�U�[�U�V�G�O���K�U���O�Q�T�G���ƒ�G�Z�K�D�N�G�� This 
is demonstrated in �(�K�I�W�T�G������. 
�/�…�i���L�i�˜�i�w�Ì�Ã���À�i�`�Õ�V�i���v�À�œ�“��£9.3 
to £5.5 bn/year in the 100g 
case and from £7.4 to £4.9 bn/
year in the 25g case.  In this 
�Ã�Ì�Õ�`�Þ�]���ˆ�Ì���ˆ�Ã���>�Ã�Ã�Õ�“�i�`���Ì�…�>�Ì���Ì�…�i�À�i���>�À�i��

�œ�Ì�…�i�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�œ�Õ�À�V�i�Ã���ˆ�˜�V�•�Õ�`�ˆ�˜�}��
controllable loads (industrial 
�>�˜�`���V�œ�“�“�i�À�V�ˆ�>�•���•�œ�>�`�Ã�]���i�•�i�V�Ì�À�ˆ�V��
�Û�i�…�ˆ�V�•�i�Ã�]���Ã�“�>�À�Ì���>�«�«�•�ˆ�>�˜�V�i�Ã�®���>�˜�`��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�Ì�œ�À�>�}�i���Ì�…�>�Ì���V�>�˜���L�i��
used to shift the load and provide 
�L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã�°�����˜���>�`�`�ˆ�Ì�ˆ�œ�˜�]��
the model also proposes to use 
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�Ì�œ�À�>�}�i���Õ�«���Ì�œ���£�ä�����7�°

�(�K�I�W�T�G�����������5�[�U�V�G�O���N�G�X�G�N���D�G�P�G�‚�V�U���Q�H���T�G�U�R�Q�P�U�K�X�G���J�[�D�T�K�F���J�G�C�V�K�P�I��

�U�[�U�V�G�O�U���K�P���C���U�[�U�V�G�O���Y�K�V�J���F�G�O�C�P�F���ƒ�G�Z�K�D�K�N�K�V�[���C�P�F���U�V�Q�T�C�I�G
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�����������$�G�P�G�‚�V�U���Q�H���R�T�Q�X�K�F�K�P�I�� 
balancing services

Balancing services are essential for the power  
system; the value of the services is expected to 
increase substantially in future as a consequence  
of having more renewables. Smart control of hybrid 
heating systems can provide functionality to deliver 
frequency response and reserve services by curtailing 
or switching on the electric heating. In this study, 
�V�J�G���X�C�N�W�G���Q�H���R�T�Q�X�K�F�K�P�I���D�C�N�C�P�E�K�P�I���U�G�T�X�K�E�G�U���K�U���S�W�C�P�V�K�‚�G�F��
for the 100g and 25g cases.  

�/�…�i���V�œ�Õ�˜�Ì�i�À�v�>�V�Ì�Õ�>�•���ˆ�Ã���Ì�…�i���V�>�Ã�i���Ü�ˆ�Ì�…���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã��
�˜�œ�Ì���«�À�œ�Û�ˆ�`�ˆ�˜�}���L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã�°�����Ì���ˆ�Ã���>�Ã�Ã�Õ�“�i�`���Ì�…�>�Ì���Ì�…�i�À�i���>�À�i���˜�œ���œ�Ì�…�i�À��
�«�À�œ�Û�ˆ�`�i�À�Ã���œ�v���L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���i�Ý�V�i�«�Ì���}�i�˜�i�À�>�Ì�œ�À�Ã�°���/�…�i���À�i�Ã�Õ�•�Ì�Ã���œ�v���Ì�…�i��
study are presented in Figure 48.

�(�K�I�W�T�G�����������$�G�P�G�‚�V�U���Q�H���R�T�Q�X�K�F�K�P�I���D�C�N�C�P�E�K�P�I���U�G�T�X�K�E�G�U���D�[���T�G�U�R�Q�P�U�K�X�G���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U

�/�…�i���Ã�Ì�Õ�`�Þ���«�À�œ�Û�ˆ�`�i�Ã���i�Û�ˆ�`�i�˜�V�i���Ì�…�>�Ì���Ì�…�i���Û�>�•�Õ�i���œ�v���L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���ˆ�Ã��
�Ã�Õ�L�Ã�Ì�>�˜�Ì�ˆ�>�•�•�Þ���…�ˆ�}�…�i�À���ˆ�˜���>���Ã�Þ�Ã�Ì�i�“���Ü�ˆ�Ì�…���>���“�œ�À�i���`�i�“�>�˜�`�ˆ�˜�}���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�Æ��
�Ì�…�i���L�i�˜�i�w�Ì�Ã���œ�v���i�˜�>�L�•�ˆ�˜�}���Ì�…�i�Ã�i���Ã�i�À�Û�ˆ�V�i�Ã���>�À�i���Ë�ä�°�™���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���£�ä�ä�}��
�V�>�Ã�i���L�Õ�Ì���ˆ�˜�V�À�i�>�Ã�i�Ã���Ì�œ���Ë�£�Î���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���Ó�x�}���V�>�Ã�i�°�����Ì���ˆ�Ã���ˆ�“�«�œ�À�Ì�>�˜�Ì���Ì�œ��
�˜�œ�Ì�i���Ì�…�>�Ì���Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���À�i�•�>�Ì�ˆ�Û�i�•�Þ���˜�œ�˜�‡�y�i�Ý�ˆ�L�•�i�Æ���ˆ�Ì���V�>�˜���L�i���i�Ý�«�i�V�Ì�i�`���Ì�…�>�Ì��
�Ì�…�i���Û�>�•�Õ�i�Ã���V�>�˜���L�i�V�œ�“�i���Ã�“�>�•�•�i�À���ˆ�v���Ì�…�i�À�i���>�À�i���œ�Ì�…�i�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�œ�Õ�À�V�i�Ã���Ì�…�>�Ì��
provide these services. 

�����������$�G�P�G�‚�V�U���Q�H���T�G�U�R�Q�P�U�K�X�G���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U

This scenario shows the  
�D�G�P�G�‚�V�U���C�T�G���U�V�K�N�N���F�Q�O�K�P�C�V�G�F���D�[����

   The reduction in the 
�w�À�“���}�i�˜�i�À�>�Ì�ˆ�˜�}���V�>�«�>�V�ˆ�Ì�Þ��
and distribution network 
capacity; and

 

�� �� ���‚���À�i�`�Õ�V�Ì�ˆ�œ�˜���ˆ�˜���Ì�…�i���œ�«�i�Ý�� 
�œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�°���/�…�i���L�i�˜�i�w�Ì�Ã��
�>�À�i���œ�v�v�Ã�i�Ì���L�Þ���Ì�…�i���œ�«�i�Ý�� 
�œ�v���}�>�Ã���>�˜�`���Ì�…�i���ˆ�˜�V�À�i�>�Ã�i�� 
in the low-carbon 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�«�i�Ý�°
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�����������$�G�P�G�‚�V�U���Q�H���R�T�G�J�G�C�V�K�P�I

�+�P���V�J�K�U���U�V�W�F�[�����V�J�G���K�O�R�C�E�V���C�P�F���D�G�P�G�‚�V�U���Q�H���R�T�G�J�G�C�V�K�P�I���J�C�X�G���D�G�G�P���K�P�X�G�U�V�K�I�C�V�G�F���C�P�F��
�S�W�C�P�V�K�‚�G�F�����6�Y�Q���N�G�X�G�N�U���Q�H���R�T�G�J�G�C�V�K�P�I���Y�G�T�G���K�P�X�G�U�V�K�I�C�V�G�F�����
�K�����O�G�F�K�W�O���C�P�F���
�K�K�����J�K�I�J��
preheating cases corresponding to 25% and 100% of households that are capable  
of being preheated in advance to meet the peak of heat demand based on the 
trialled data that have been analysed. In order to optimise the preheating, a smart 
�E�Q�P�V�T�Q�N���V�T�C�F�G�U���Q�H�H���V�J�G���D�G�P�G�‚�V�U���Q�H���R�T�G�J�G�C�V�K�P�I���C�P�F���V�J�G���N�Q�U�U�G�U���K�P�E�W�T�T�G�F���K�P���V�J�K�U���R�T�Q�E�G�U�U��

The results of the studies are 
presented in Figure 49�]���Ü�…�ˆ�V�…��
shows the difference between the 
system costs of the responsive 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Ü�ˆ�Ì�…�œ�Õ�Ì��
�>�˜�`���Ü�ˆ�Ì�…���«�À�i�…�i�>�Ì�ˆ�˜�}���V�>�«�>�L�ˆ�•�ˆ�Ì�Þ���v�œ�À��

�Ì�…�i���£�ä�ä�}���>�˜�`���Ó�x�}���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�Ã�°��
It is important to note that in this 
�Ã�Ì�Õ�`�Þ�]���ˆ�Ì���Ü�>�Ã��assumed that there 
�Y�C�U���P�Q���Q�V�J�G�T���F�G�O�C�P�F���ƒ�G�Z�K�D�K�N�K�V�[��
or new electricity storage in 
the system. �/�…�i�À�i�v�œ�À�i�]���ˆ�“�«�À�œ�Û�ˆ�˜�}��

�Ì�…�i���Ã�Þ�Ã�Ì�i�“���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ì�…�À�œ�Õ�}�…��
�«�À�i�…�i�>�Ì�ˆ�˜�}���Ü�ˆ�•�•���L�À�ˆ�˜�}���Ã�Õ�L�Ã�Ì�>�˜�Ì�ˆ�>�•��
�L�i�˜�i�w�Ì�Ã���>�˜�`���Ì�…�i�À�i�v�œ�À�i���Ì�…�i��
�«�À�i�…�i�>�Ì�ˆ�˜�}���V�>�«�>�V�ˆ�Ì�Þ���Ü�ˆ�•�•���…�>�Û�i�� 
�>���…�ˆ�}�…���Û�>�•�Õ�i�°
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The results demonstrate that in 
�Ì�…�i���£�ä�ä�}���V�>�Ã�i�Ã�]���Ì�…�i���«�À�i�…�i�>�Ì�ˆ�˜�}��
increases the cost of low-
�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�«�i�Ý���L�Õ�Ì��
the investment in low-carbon 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�•�Ã�œ���À�i�`�Õ�V�i�Ã���Ì�…�i��
�œ�«�i�À�>�Ì�ˆ�˜�}���V�œ�Ã�Ì���œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�°�� 
As nuclear and renewables 
�>�À�i���â�i�À�œ�‡�“�>�À�}�ˆ�˜�>�•�‡�V�œ�Ã�Ì���«�•�>�˜�Ì�Ã�]��
increased capacity of these 
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���À�i�`�Õ�V�i�Ã���Ì�…�i��
�œ�«�i�À�>�Ì�ˆ�˜�}���V�œ�Ã�Ì�°���/�…�i���ˆ�˜�V�À�i�>�Ã�i�`��
investment in low-carbon 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���À�i�`�Õ�V�i�Ã���Ì�…�i���Õ�Ì�ˆ�•�ˆ�Ã�>�Ì�ˆ�œ�˜��
�œ�v���}�>�Ã�°�����˜���Ì�…�i���Ó�x�}���V�>�Ã�i�Ã�]���Ì�…�i��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���«�À�œ�Û�ˆ�`�i�`���L�Þ���«�À�i�…�i�>�Ì�ˆ�˜�}��
enables more utilisation of 
renewables and other low-carbon 

�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���
�U�G�G���(�K�I�W�T�G��������. 
This reduces the capacity 
needed from low-carbon 
generation  as depicted in 
�(�K�I�W�T�G������. 

�/�…�i���«�À�i�…�i�>�Ì�ˆ�˜�}���>�•�Ã�œ���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i�Ã��
�Ì�œ���Ã�>�Û�ˆ�˜�}�Ã���ˆ�˜���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
�`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�]���Ü�…�ˆ�V�…���ˆ�Ã��
�i�Ý�«�i�V�Ì�i�`���>�Ã���Ì�…�i���«�À�i�…�i�>�Ì�ˆ�˜�}���V�>�˜��
further reduce the peak demand. 

The value of preheating 
increases from £2.8 – £3.7  
bn/year in the 100g cases to 
£10.3 – £13.5 bn/year  in the 
25g cases�°���/�…�ˆ�Ã���w�˜�`�ˆ�˜�}���ˆ�Ã���>�•�ˆ�}�˜�i�`��
�Ü�ˆ�Ì�…���Ì�…�i���w�˜�`�ˆ�˜�}�Ã���v�À�œ�“���œ�Ì�…�i�À��
studies5 6�]���Ü�…�ˆ�V�…���V�œ�˜�V�•�Õ�`�i���Ì�…�>�Ì��

�Ì�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ü�ˆ�•�•���…�>�Û�i���>���…�ˆ�}�…�i�À��
value in the system with a more 
�`�i�“�>�˜�`�ˆ�˜�}���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�°

�(�K�I�W�T�G��������shows the implications 
�œ�v���«�À�i�…�i�>�Ì�ˆ�˜�}���œ�˜���Ì�…�i���œ�«�Ì�ˆ�“�ˆ�Ã�i�`��
�i�˜�i�À�}�Þ���“�ˆ�Ý�i�Ã���ˆ�˜���`�ˆ�v�v�i�À�i�˜�Ì��
cases. It is demonstrated that 
�«�À�i�…�i�>�Ì�ˆ�˜�}���Ü�ˆ�•�•���ˆ�˜�V�À�i�>�Ã�i���Ì�…�i��
system ability to use low-carbon 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜�°��In the 100g cases, 
higher utilisation of nuclear 
and renewables displaces the 
output of CCGT and reduces 
the utilisation of electricity 
storage (which implies fewer 
losses associated with the cycle 
�•�œ�Ã�Ã�i�Ã���œ�v���Ã�Ì�œ�À�>�}�i�®�°

�(�K�I�W�T�G�����������$�G�P�G�‚�V�U���Q�H���R�T�G�J�G�C�V�K�P�I���H�Q�T���V�J�G���T�G�U�R�Q�P�U�K�X�G��

hybrid heating system

�(�K�I�W�T�G�����������+�O�R�N�K�E�C�V�K�Q�P�U���Q�H���R�T�G�J�G�C�V�K�P�I���Q�P���V�J�G���G�P�G�T�I�[���O�K�Z�G�U

�(�K�I�W�T�G�����������+�O�R�C�E�V���Q�H���R�T�G�J�G�C�V�K�P�I���Q�P���V�J�G���I�G�P�G�T�C�V�K�Q�P���E�C�R�C�E�K�V�[ �(�K�I�W�T�G�����������6�J�G���D�G�P�G�‚�V�U���Q�H���J�K�I�J���R�T�G�J�G�C�V�K�P�I���K�P���C���N�Q�Y��

�ƒ�G�Z�K�D�N�G���C�P�F���J�K�I�J���ƒ�G�Z�K�D�N�G���U�[�U�V�G�O

�+�P���V�J�G�������I���E�C�U�G�U�����R�T�G�J�G�C�V�K�P�I���C�N�N�Q�Y�U���C���J�K�I�J�G�T���W�V�K�N�K�U�C�V�K�Q�P���Q�H���T�G�P�G�Y�C�D�N�G�U���C�P�F���E�Q�C�N���‚�T�G�F���%�%�5���R�N�C�P�V�U���Y�J�K�E�J��
�U�W�D�U�V�K�V�W�V�G�U���Q�W�V�R�W�V���H�T�Q�O���P�W�E�N�G�C�T���C�P�F���I�C�U���‚�T�G�F���%�%�5�����6�J�K�U���Y�K�N�N�����K�P���V�W�T�P�����T�G�F�W�E�G���V�J�G���E�C�R�C�E�K�V�[���Q�H���P�W�E�N�G�C�T��
�C�P�F���I�C�U���‚�T�G�F���%�%�5���C�U���U�J�Q�Y�P���K�P���(�K�I�W�T�G������ and reduce the associated cost.

It is important to note that 
�Ì�…�i���L�i�˜�i�w�Ì�Ã���œ�v���«�À�i�…�i�>�Ì�ˆ�˜�}��
presented in  Figure 49 are 
based on systems with no 
�Q�V�J�G�T���F�G�O�C�P�F���ƒ�G�Z�K�D�K�N�K�V�[���Q�T��
electricity storage. ���/�…�i�À�i�v�œ�À�i�]��
�Ì�…�i���Û�>�•�Õ�i�Ã���>�À�i���À�i�•�>�Ì�ˆ�Û�i�•�Þ���…�ˆ�}�…�°��
�/�…�i���L�i�˜�i�w�Ì�Ã���>�À�i���•�i�Ã�Ã���Ü�…�i�˜��

�Ì�…�i���Ã�Þ�Ã�Ì�i�“���…�>�Ã���œ�Ì�…�i�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ��
�Ã�œ�Õ�À�V�i�Ã�]���i�°�}�°���y�i�Ý�ˆ�L�•�i���ˆ�˜�`�Õ�Ã�Ì�À�ˆ�>�•��
�>�˜�`���V�œ�“�“�i�À�V�ˆ�>�•���•�œ�>�`�Ã�]���Ã�“�>�À�Ì��
�V�…�>�À�}�ˆ�˜�}���œ�v���i�•�i�V�Ì�À�ˆ�V���Û�i�…�ˆ�V�•�i�Ã�]���œ�À��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�Ì�œ�À�>�}�i�°�����˜���œ�À�`�i�À���Ì�œ��
understand the implication of 
�…�>�Û�ˆ�˜�}���œ�Ì�…�i�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�œ�Õ�À�V�i�Ã�]��
a set of studies were carried 

�œ�Õ�Ì���>�Ã�Ã�Õ�“�ˆ�˜�}���Ì�…�i�À�i���Ü�i�À�i���œ�Ì�…�i�À��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�œ�Õ�À�V�i�Ã���ˆ�˜���Ì�…�i���v�œ�À�“���œ�v��
controllable loads (industrial and 
�V�œ�“�“�i�À�V�ˆ�>�•�]���i�•�i�V�Ì�À�ˆ�V���Û�i�…�ˆ�V�•�i�Ã�]��
�Ã�“�>�À�Ì���>�«�«�•�ˆ�>�˜�V�i�Ã�®���>�˜�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
�Ã�Ì�œ�À�>�}�i�°���/�…�i���À�i�Ã�Õ�•�Ì�Ã���œ�v���Ì�…�i���V�>�Ã�i��
studies are presented in  
�(�K�I�W�T�G������. 

�6�J�G���T�G�U�W�N�V�U���F�G�O�Q�P�U�V�T�C�V�G���V�J�C�V���V�J�G���D�G�P�G�‚�V�U���Q�H���R�T�G�J�G�C�V�K�P�I���K�P���C���ƒ�G�Z�K�D�N�G���U�[�U�V�G�O���C�T�G���U�W�D�U�V�C�P�V�K�C�N�N�[���N�G�U�U��
�V�J�C�P���K�V�U���X�C�N�W�G�U���K�P���C���N�Q�Y���ƒ�G�Z�K�D�N�G���U�[�U�V�G�O�����6�J�G���X�C�N�W�G���T�G�F�W�E�G�U���H�T�Q�O���•���������D�P���[�G�C�T���V�Q���•���������D�P���[�G�C�T���K�P���V�J�G��
100g case, and from £13.5 bn/year to £4.7 bn/year in the 25g case. �/�…�i���À�i�Ã�Õ�•�Ì�Ã���>�À�i���˜�œ�Ì���Õ�˜�i�Ý�«�i�V�Ì�i�`��
�Ã�ˆ�˜�V�i���«�À�i�…�i�>�Ì�ˆ�˜�}���Õ�Ã�i�Ã���Ì�…�i���Ì�…�i�À�“�>�•���ˆ�˜�i�À�Ì�ˆ�>���œ�v���Ì�…�i���L�Õ�ˆ�•�`�ˆ�˜�}���>�Ã���>�˜���i�˜�i�À�}�Þ���Ã�Ì�œ�À�i���Ì�œ���Ã�…�ˆ�v�Ì���Ì�…�i���i�˜�i�À�}�Þ���`�i�“�>�˜�`��
�Ì�œ���«�i�À�ˆ�œ�`�Ã���Ü�…�i�À�i���Ì�…�i���V�œ�Ã�Ì���œ�v���i�˜�i�À�}�Þ���ˆ�Ã���•�œ�Ü�i�À���ˆ�˜���œ�À�`�i�À���Ì�œ���“�ˆ�˜�ˆ�“�ˆ�Ã�i���Ì�…�i���œ�Û�i�À�>�•�•���V�œ�Ã�Ì�°���/�…�i�À�i�v�œ�À�i�]���Ì�…�ˆ�Ã���v�Õ�˜�V�Ì�ˆ�œ�˜��
�V�>�˜���L�i���`�ˆ�Ã�«�•�>�V�i�`���L�Þ���œ�Ì�…�i�À���Ì�Þ�«�i�Ã���œ�v���i�˜�i�À�}�Þ���Ã�Ì�œ�À�>�}�i���Ã�Õ�V�…���>�Ã���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�Ì�œ�À�>�}�i���Ü�…�i�À�i���Ì�…�i���Ã�Ì�œ�À�i�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
�V�>�˜���L�i���Õ�Ã�i�`���Ì�œ���Ã�Õ�«�«�•�Þ���Ì�…�i���…�i�>�Ì���«�Õ�“�«�Ã���Ü�…�i�˜���˜�i�i�`�i�`�°�����œ�Ü�i�Û�i�À�]���«�À�i�…�i�>�Ì�ˆ�˜�}���ˆ�Ã���V�œ�˜�Ã�ˆ�`�i�À�i�`���>���V�œ�Ã�Ì�‡�i�v�v�i�V�Ì�ˆ�Û�i��
�Ã�œ�•�Õ�Ì�ˆ�œ�˜���>�Ã���ˆ�Ì���À�i�µ�Õ�ˆ�À�i�Ã���œ�˜�•�Þ���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì���ˆ�˜���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���>�˜�`���Ì�…�i�À�i�v�œ�À�i�]���Ì�…�i���V�œ�Ã�Ì���œ�v��
�i�˜�>�L�•�ˆ�˜�}���«�À�i�…�i�>�Ì�ˆ�˜�}���ˆ�Ã���“�Õ�V�…���•�œ�Ü�i�À���Ì�…�>�˜���Ì�…�i���V�œ�Ã�Ì���œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�Ì�œ�À�>�}�i�°���/�…�i�À�i�v�œ�À�i�]��preheating can displace 
electricity storage  as demonstrated in �(�K�I�W�T�G���������­�…�ˆ�}�…���y�i�Ý���Ã�V�i�˜�>�À�ˆ�œ�®�°

�������+�O�R�G�T�K�C�N���%�Q�N�N�G�I�G���C�P�F���0�'�4�#���%�Q�P�U�W�N�V�K�P�I�����������������p�7�P�F�G�T�U�V�C�P�F�K�P�I���V�J�G���$�C�N�C�P�E�K�P�I���%�J�C�N�N�G�P�I�G�q�����C�P�C�N�[�U�K�U���E�Q�O�O�K�U�U�K�Q�P�G�F���D�[���&�'�%�%�����2�N�G�C�U�G���U�G�G��

�J�V�V�R�U�������Y�Y�Y���I�Q�X���W�M���I�Q�X�G�T�P�O�G�P�V���W�R�N�Q�C�F�U���U�[�U�V�G�O���W�R�N�Q�C�F�U���C�V�V�C�E�J�O�G�P�V�A�F�C�V�C���‚�N�G�������������������������W�P�F�G�T�U�V�C�P�F�K�P�I���V�J�G���D�C�N�C�P�E�K�P�I���E�J�C�N�N�G�P�I�G���R�F�H 

6�����)���5�V�T�D�C�E�����&���2�W�F�L�K�C�P�V�Q�����(���6�G�P�I�����&�����2�C�R�C�F�C�U�M�C�N�Q�R�Q�W�N�Q�U�����)���&�C�X�K�G�U�����C�P�F���#���5�J�C�M�Q�Q�T���q�4�Q�C�F�O�C�R���H�Q�T���(�N�G�Z�K�D�K�N�K�V�[���5�G�T�X�K�E�G�U���V�Q�������������q���C���T�G�R�Q�T�V��

�V�Q���V�J�G���%�Q�O�O�K�V�V�G�G���Q�P���%�N�K�O�C�V�G���%�J�C�P�I�G�����.�Q�P�F�Q�P�����/�C�[���������������2�N�G�C�U�G���U�G�G���J�V�V�R�U�������Y�Y�Y���V�J�G�E�E�E���Q�T�I���W�M���R�W�D�N�K�E�C�V�K�Q�P���T�Q�C�F�O�C�R���H�Q�T���ƒ�G�Z�K�D�K�N�K�V�[��
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6 .   W H O L E - S Y S T E M  A S S E S S M E N T  O F  T H E  I M PA C T  O F  H Y B R I D  H E AT I N G  S Y S T E M S 

�����������$�G�P�G�‚�V�U���Q�H���K�O�R�T�Q�X�G�F���G�P�G�T�I�[��
�G�H�‚�E�K�G�P�E�[���X�K�C���2�C�U�U�K�X�5�[�U�V�G�O�U

The optimised control of the hybrid heating system carried out by PassivSystems 
�F�G�O�Q�P�U�V�T�C�V�G�F���V�J�C�V���V�J�G���G�H�‚�E�K�G�P�E�[���Q�H���V�J�G���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���E�C�P���D�G���K�O�R�T�Q�X�G�F�� 
�+�P���Q�T�F�G�T���V�Q���W�P�F�G�T�U�V�C�P�F���V�J�G���D�G�P�G�‚�V�U���Q�H���K�O�R�T�Q�X�G�F���G�P�G�T�I�[���G�H�‚�E�K�G�P�E�[���K�H���V�J�G���V�G�E�J�P�Q�N�Q�I�[��
is rolled-out across the UK, a number of studies were carried out assuming that the 
�G�P�G�T�I�[���G�H�‚�E�K�G�P�E�[���Q�H���V�J�G���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���E�C�P���D�G���K�O�R�T�Q�X�G�F���D�[���������C�P�F������������
The studies were carried out for the 100g and 25g carbon targets. The results of  
the studies are presented in �(�K�I�W�T�G������.

The results demonstrate �K�O�R�T�Q�X�G�F���G�P�G�T�I�[���G�H�‚�E�K�G�P�E�[���>�•�•�œ�Ü�Ã���>���À�i�`�Õ�V�Ì�ˆ�œ�˜���ˆ�˜���Ì�…�i���œ�«�i�Ý���œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�]���V�>�«�i�Ý�� 
�œ�v���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���>�•�Ã�œ���˜�i�Ì�Ü�œ�À�Ž���V�œ�Ã�Ì�Ã���­�«�À�ˆ�“�>�À�ˆ�•�Þ���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž���V�œ�Ã�Ì�Ã�®���L�Õ�Ì���Ì�…�i��main savings are  
in the opex of electricity and capex of low-carbon generation. �����˜���Ì�…�i���£�ä�ä�}���V�>�Ã�i�Ã�]���Ì�…�i���L�i�˜�i�w�Ì�Ã���>�À�i��
between £1.8 and £2.4 bn/year. �����˜���Ì�…�i���Ó�x�}���V�>�Ã�i�Ã�]���Ì�…�i���L�i�˜�i�w�Ì�Ã���>�À�i���ˆ�˜���Ì�…�i���œ�À�`�i�À���œ�v��£2.5 – £4.9 bn/year. 
�/�…�ˆ�Ã���V�œ�˜�V�•�Õ�`�i�Ã���Ì�…�>�Ì���Ì�…�i���Ã�Þ�Ã�Ì�i�“���Û�>�•�Õ�i���œ�v���ˆ�“�«�À�œ�Û�i�`���i�v�w�V�ˆ�i�˜�V�Þ���i�˜�>�L�•�i�`���>�«�«�À�œ�«�À�ˆ�>�Ì�i���V�œ�˜�Ì�À�œ�•���œ�v���Ì�…�i���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���“�>�Þ���L�i���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�]���«�>�À�Ì�ˆ�V�Õ�•�>�À�•�Þ���ˆ�˜���Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ü�ˆ�Ì�…���>���Ã�Ì�À�ˆ�V�Ì�i�À���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�°

�(�K�I�W�T�G�����������$�G�P�G�‚�V�U���Q�H���K�O�R�T�Q�X�G�F���G�P�G�T�I�[���G�H�‚�E�K�G�P�E�[���C�V�V�T�K�D�W�V�G�F���V�Q��

PassivSystems smart hybrid heating system control

�����������$�G�P�G�‚�V�U���Q�H���2�C�U�U�K�X�5�[�U�V�G�O�U�� 
smart hybrid heating

�%�Q�O�D�K�P�K�P�I���2�C�U�U�K�X�5�[�U�V�G�O�U�	���U�O�C�T�V���E�Q�P�V�T�Q�N���H�W�P�E�V�K�Q�P�C�N�K�V�K�G�U���V�Q���O�C�Z�K�O�K�U�G���V�J�G���D�G�P�G�‚�V�U�� 
�Q�H���R�T�G�J�G�C�V�K�P�I���C�P�F���K�O�R�T�Q�X�K�P�I���V�J�G���G�P�G�T�I�[���G�H�‚�E�K�G�P�E�[���Y�K�N�N���D�T�K�P�I���C���J�K�I�J�G�T���X�C�N�W�G���H�Q�T���V�J�K�U��
technology. In this context, two studies with 100g and 25g carbon targets were 
carried out assuming that 100% of the household can do preheating and 10% 
�K�O�R�T�Q�X�G�F���G�P�G�T�I�[���G�H�‚�E�K�G�P�E�[���E�C�P���D�G���I�C�K�P�G�F����

���˜���>�`�`�ˆ�Ì�ˆ�œ�˜�]���V�J�G���K�O�R�C�E�V���Q�H���J�C�X�K�P�I���Q�V�J�G�T���ƒ�G�Z�K�D�K�N�K�V�[���U�Q�W�T�E�G�U���Y�C�U���K�P�X�G�U�V�K�I�C�V�G�F�� The difference between  
�Ì�…�i���V�œ�Ã�Ì�Ã���œ�v���Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ü�ˆ�Ì�…���>�˜�`���Ü�ˆ�Ì�…�œ�Õ�Ì���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•���ˆ�˜���>���•�œ�Ü���>�˜�`���…�ˆ�}�…���y�i�Ý�ˆ�L�•�i���Ã�Þ�Ã�Ì�i�“ 
is presented in �(�K�I�W�T�G������. 

�(�K�I�W�T�G�����������$�G�P�G�‚�V�U���Q�H���2�C�U�U�K�X�5�[�U�V�G�O�U�	���U�O�C�T�V���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���E�Q�P�V�T�Q�N

The results demonstrate that in 
�Ì�…�i���£�ä�ä�}���V�>�Ã�i�]���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿��
�Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
allows more low-carbon and 
�â�i�À�œ�‡�“�>�À�}�ˆ�˜�>�•�‡�V�œ�Ã�Ì���«�•�>�˜�Ì�Ã���Ì�œ���L�i��
�ˆ�˜�Ã�Ì�>�•�•�i�`�Æ���ˆ�Ì���À�i�`�Õ�V�i�Ã���Ì�…�i���œ�«�i�Ý��
�œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�Ì���Ì�…�i���i�Ý�«�i�˜�Ã�i��
�œ�v���…�ˆ�}�…�i�À���V�>�«�i�Ý���œ�v���•�œ�Ü�‡�V�>�À�L�œ�˜��
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���Ì�…�i���œ�«�i�Ý���œ�v���}�>�Ã�°��
���˜���Ì�…�i���Ó�x�}���V�>�Ã�i�]���Ì�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ��
�«�À�œ�Û�ˆ�`�i�`���L�Þ���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿��
�Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
�>�•�•�œ�Ü�Ã���…�ˆ�}�…�i�À���Õ�Ì�ˆ�•�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v��
renewables and other low-carbon 
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���>�˜�`���Ì�…�i�À�i�v�œ�À�i�]��
reduces the need for nuclear and 
CCS which reduces the cost of 

�•�œ�Ü�‡�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���œ�«�i�Ý��
�œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�°�����˜���L�œ�Ì�…���V�>�Ã�i�Ã�]���Ì�…�i��
smart control reduces the cost 
of distribution networks.  

�+�P���V�J�G���N�Q�Y���ƒ�G�Z�K�D�N�G���U�[�U�V�G�O����
the system value of the smart 
control is £5.3 bn/year in the 
100g case. The value increases 
to £15.2 bn/year in the 25g 
case. These savings are 
attributed to PassivSystems' 
smart hybrid heating system 
�Ì�…�>�Ì���>�•�•�œ�Ü�Ã���Ì�…�i���«�À�i�…�i�>�Ì�ˆ�˜�}���>�˜�`��
�œ�«�i�À�>�Ì�ˆ�œ�˜���œ�v���>���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
system to be optimised while 
�«�À�œ�Û�ˆ�`�ˆ�˜�}���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�˜�`���L�>�•�>�˜�V�ˆ�˜�}��

services to the electricity system. 
���œ�Ü�i�Û�i�À�]���Ì�…�i���À�i�Ã�Õ�•�Ì�Ã���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i��
�Ì�…�>�Ì���Ì�…�i�À�i���ˆ�Ã���>���Ã�Þ�˜�i�À�}�Þ���>�V�À�œ�Ã�Ã���Ì�…�i��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�˜�`���Ã�Þ�Ã�Ì�i�“���Ã�i�À�Û�ˆ�V�i�Ã��
�«�À�œ�Û�ˆ�`�i�`���L�Þ���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã���>�Ã���Ì�…�i���Ì�œ�Ì�>�•���L�i�˜�i�w�Ì���ˆ�Ã���˜�œ�Ì��
�>���Ã�Õ�“�“�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i���L�i�˜�i�w�Ì���œ�v���Ì�…�i��
individual functionality offered by 
�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•�°�� 
���˜���Ì�…�i���…�ˆ�}�…�‡�y�i�Ý�ˆ�L�•�i���Ã�Þ�Ã�Ì�i�“�] 
the value of smart reduces to 
�Ë�Ó�°�£���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���£�ä�ä�}���V�>�Ã�i 
�>�˜�`���Ì�œ���Ë�x�°�£���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���Ó�x�}��
�V�>�Ã�i���>�Ã���œ�Ì�…�i�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�œ�Õ�À�V�i�Ã��
are present in the system.
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6.7  Conclusions

Imperial College has presented the whole-system assessment methodology 
for future low-carbon power systems, implemented through its WeSIM model. 
The model has been extended to allow for the consideration of hybrid heating 
�U�[�U�V�G�O�U���C�U���C���U�R�G�E�K�‚�E���F�G�O�C�P�F���E�C�V�G�I�Q�T�[���Y�K�V�J���V�J�G���E�C�R�C�D�K�N�K�V�[���V�Q���U�Y�K�V�E�J���D�G�V�Y�G�G�P 
gas and electricity as sources of heat supply.

The illustrative case study with 
�Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���œ�˜���Ì�…�i���Ó�ä�Î�ä��
GB system has demonstrated 
the �U�K�I�P�K�‚�E�C�P�V���R�Q�V�G�P�V�K�C�N���Q�H��
hybrid heating systems to 
deliver savings in the electricity 
system, predominantly by 
reducing the need to invest in 
costly generation and network 
infrastructure ���Ì�œ���“�i�i�Ì���…�ˆ�}�…�� 
but infrequent peaks in demand. 
The overall annual volume of  
�}�>�Ã���Õ�Ã�i�`���Ì�œ���Ì�œ�«���Õ�«���…�i�>�Ì�ˆ�˜�}��
�`�i�“�>�˜�`���Ì�…�À�œ�Õ�}�…���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã���ˆ�Ã���À�i�•�>�Ì�ˆ�Û�i�•�Þ���Ã�“�>�•�•�]���Ü�ˆ�Ì�…�� 
a comparatively small impact  
�œ�˜���Ì�…�i���>�˜�˜�Õ�>�•���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�]��
making hybrid heating systems 
�C���X�C�N�W�C�D�N�G�����ƒ�G�Z�K�D�N�G���Q�R�V�K�Q�P��
to cope with the cost of 
decarbonising future  
energy systems.

A spectrum of studies has been 
�>�˜�>�•�Þ�Ã�i�`���v�œ�V�Õ�Ã�ˆ�˜�}���œ�˜���Ì�…�i���L�i�˜�i�w�Ì�Ã��
�œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ì�œ��
decarbonise heat demand 
compared to the alternative 
ASHP. All heat demand in the 
system is considered. 

�/�…�i���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
system can provide a lower 
cost solution to the system 
where the heat demand is 
�«�Õ�À�i�•�Þ���`�i�V�>�À�L�œ�˜�ˆ�Ã�i�`���Ì�…�À�œ�Õ�}�…��
�i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜�°���/�…�ˆ�Ã���Ì�i�V�…�˜�œ�•�œ�}�Þ��

�>�•�•�œ�Ü�Ã���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}���L�i�Ì�Ü�i�i�˜���Ì�…�i��
�Õ�Ã�i���œ�v���i�•�i�V�Ì�À�ˆ�V���…�i�>�Ì�ˆ�˜�}���>�˜�`���}�>�Ã�‡
�L�>�Ã�i�`���…�i�>�Ì�ˆ�˜�}���Ì�œ���“�ˆ�˜�ˆ�“�ˆ�Ã�i���Ì�…�i��
�œ�Û�i�À�>�•�•���Ã�Þ�Ã�Ì�i�“���V�œ�Ã�Ì�Ã�°���/�…�i���Ã�>�Û�ˆ�˜�}�Ã��
presented in Figure 44 are 
�Ã�Õ�L�Ã�Ì�>�˜�Ì�ˆ�>�•�]���ˆ�°�i�°���Ë�™�°�Î���L�˜�É�Þ�i�>�À���ˆ�˜��
�Ì�…�i���£�ä�ä���}���V�>�Ã�i�]���>�˜�`���Ë�Ç�°�{���L�˜�É�Þ�i�>�À��
�ˆ�˜���Ì�…�i���Ó�x�}���V�>�Ã�i7. 

�/�…�i���L�i�˜�i�w�Ì�Ã���œ�v���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�‡�L�>�Ã�i�`���…�i�>�Ì��
decarbonisation compared to 
the application of ASHPs are 
reduced if other sources of 
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�À�i���>�Û�>�ˆ�•�>�L�•�i�]���ˆ�˜�V�•�Õ�`�ˆ�˜�}��
demand response and electricity 
�Ã�Ì�œ�À�>�}�i�°�����ˆ�Û�i�˜���Ì�…�i���>�Ã�Ã�Õ�“�«�Ì�ˆ�œ�˜�Ã��
�Ì�>�Ž�i�˜���ˆ�˜���Ì�…�i���Ã�Ì�Õ�`�Þ�]���Ì�…�i���L�i�˜�i�w�Ì�Ã��
�œ�v���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems to ASHP are reduced 
from £9.3 to £5.5 bn/year in the 
�£�ä�ä�}���V�>�Ã�i�]���>�˜�`���v�À�œ�“���Ë�Ç�°�{���Ì�œ 
�Ë�{�°�™���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���Ó�x�}���V�>�Ã�i7.

The results demonstrate that 
�Ì�…�i���L�i�˜�i�w�Ì�Ã���œ�v���«�À�i�…�i�>�Ì�ˆ�˜�}���ˆ�˜���>��
�y�i�Ý�ˆ�L�•�i���Ã�Þ�Ã�Ì�i�“���>�À�i���Ã�Õ�L�Ã�Ì�>�˜�Ì�ˆ�>�•�•�Þ��
less than its values in a low 
�y�i�Ý�ˆ�L�•�i���Ã�Þ�Ã�Ì�i�“�°���/�…�i���Û�>�•�Õ�i��
reduces from £3.7 bn/year to  
�Ë�£�°�n���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���£�ä�ä�}���V�>�Ã�i�]��
and from £13.5 bn/year to  
�Ë�{�°�Ç���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���Ó�x�}���V�>�Ã�i�°��
�/�…�i���À�i�Ã�Õ�•�Ì�Ã���>�À�i���˜�œ�Ì���Õ�˜�i�Ý�«�i�V�Ì�i�`��
�Ã�ˆ�˜�V�i���«�À�i�…�i�>�Ì�ˆ�˜�}���Õ�Ã�i�Ã���Ì�…�i���Ì�…�i�À�“�>�•��
�ˆ�˜�i�À�Ì�ˆ�>���œ�v���Ì�…�i���L�Õ�ˆ�•�`�ˆ�˜�}���>�Ã���>�˜��
�i�˜�i�À�}�Þ���Ã�Ì�œ�À�i���Ì�œ���Ã�…�ˆ�v�Ì���Ì�…�i 

�i�˜�i�À�}�Þ���`�i�“�>�˜�`���Ì�œ���«�i�À�ˆ�œ�`�Ã���Ü�…�i�À�i��
�Ì�…�i���V�œ�Ã�Ì���œ�v���i�˜�i�À�}�Þ���ˆ�Ã���•�œ�Ü�i�À���ˆ�˜��
order to minimise the overall 
�V�œ�Ã�Ì�°���/�…�i�À�i�v�œ�À�i�]���Ì�…�ˆ�Ã���v�Õ�˜�V�Ì�ˆ�œ�˜��
can be displaced by other 
�Ì�Þ�«�i�Ã���œ�v���i�˜�i�À�}�Þ���Ã�Ì�œ�À�>�}�i���Ã�Õ�V�…��
�>�Ã���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�Ì�œ�À�>�}�i���Ü�…�i�À�i���Ì�…�i��
stored electricity can be used 
to supply the heat pumps when 
�˜�i�i�`�i�`�°�����œ�Ü�i�Û�i�À�]��preheating 
is considered a cost-effective 
solution  as it requires only 
investment in the smart control 
�>�˜�`���Ì�…�i�À�i�v�œ�À�i�]���Ì�…�i���V�œ�Ã�Ì���œ�v��
�i�˜�>�L�•�ˆ�˜�}���«�À�i�…�i�>�Ì�ˆ�˜�}���ˆ�Ã���“�Õ�V�…��
lower than the cost of electricity 
�Ã�Ì�œ�À�>�}�i�°��

Smart optimised hybrid heating 
systems do not increase peak 
demand of electricity;  this 
will reduce the system capacity 
�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã���«�>�À�Ì�ˆ�V�Õ�•�>�À�•�Þ���>�v�v�i�V�Ì�ˆ�˜�}��
the distribution network and 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�«�>�V�ˆ�Ì�Þ���Ü�…�ˆ�•�i�� 
the impact on the transmission 
and interconnection capacity  
is relatively modest.

�� This analysis excludes cost of heating appliances, household conversion costs and the cost of maintaining gas infrastructure

Compared to investment in low-
�V�>�À�L�œ�˜���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�ˆ�˜���>���Ã�Þ�Ã�Ì�i�“���Ü�ˆ�Ì�…���‚�-���*�Ã�]���Ì�…�i�À�i��
is a slight increase (less than 
£1.1 bn/year) in the cost 
of low-carbon generation 
in the responsive hybrid 
heating system  to decarbonise 
further the electricity sector to 
compensate the emissions from 
�Ì�…�i���}�>�Ã���Ã�i�V�Ì�œ�À�°���/�…�ˆ�Ã���V�œ�Ã�Ì���V�>�˜���L�i��
reduced to less than £0.5  
bn/year using PassivSystems 
smart controls and it can be 
reduced further if the gas is 
renewable.

�/�…�i���Õ�Ã�i���œ�v���}�>�Ã���ˆ�Ã���À�i�`�Õ�V�i�`���ˆ�˜���Ì�…�i��
�Ó�x�}���V�>�Ã�i���>�˜�`���Ì�…�i���}�>�Ã���Õ�Ã�>�}�i���Ü�ˆ�•�•��
need to be constrained by the 
�V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�°���‚�•�Ì�i�À�˜�>�Ì�ˆ�Û�i�•�Þ�]��the 
natural gas can be substituted 
by biogas to decarbonise the 
gas system;  this can improve the 
�Õ�Ì�ˆ�•�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v���}�>�Ã�‡�L�>�Ã�i�`���…�i�>�Ì�ˆ�˜�}��
�>�«�«�•�ˆ�>�˜�V�i�Ã�°�����œ�Ü�i�Û�i�À�]���i�Û�i�˜���Ü�ˆ�Ì�…��
�•�i�Ã�Ã���Õ�Ì�ˆ�•�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v���}�>�Ã�] the value 
�Q�H���ƒ�G�Z�K�D�K�N�K�V�[���R�T�Q�X�K�F�G�F���D�[���J�[�D�T�K�F��
heating systems is higher in a 
system with a more demanding 
carbon target.  

�-�Þ�Ã�Ì�i�“���“�œ�`�i�•�•�ˆ�˜�}���V�>�À�À�ˆ�i�`���œ�Õ�Ì��
demonstrated that the rollout of 
PassivSystems hybrid heating 
systems would further improve 
the value of hybrid heating 
systems by £5.3 bn/year in the 
100g case and £15.2 bn/year 
in the 25g case. PassivSystems 
�V�œ�˜�Ì�À�œ�•���Ü�œ�Õ�•�`���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ��
enhance the capability of 
�Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ì�œ���ˆ�˜�Ì�i�}�À�>�Ì�i���>�˜�`��

�Õ�Ì�ˆ�•�ˆ�Ã�i���•�œ�Ü�‡�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜�] 
�À�i�`�Õ�V�i���•�œ�Ü�‡�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì���>�˜�`���Ì�…�i���w�À�“��
�}�i�˜�i�À�>�Ì�ˆ�˜�}���V�>�«�>�V�ˆ�Ì�Þ���˜�i�i�`�i�`�� 
�v�œ�À���“�>�ˆ�˜�Ì�>�ˆ�˜�ˆ�˜�}���Ì�…�i���Ã�Þ�Ã�Ì�i�“��
security and distribution network 
�V�>�«�>�V�ˆ�Ì�Þ�°���/�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�•�Ã�œ��
�À�i�`�Õ�V�i�Ã���Ì�…�i���œ�«�i�À�>�Ì�ˆ�˜�}���V�œ�Ã�Ì���œ�v�� 
the electricity system.

�/�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�i�À�Û�ˆ�V�i�Ã���v�À�œ�“���Ì�…�i��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���V�œ�“�«�i�Ì�i��
�Ü�ˆ�Ì�…���œ�Ì�…�i�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�œ�Õ�À�V�i�Ã���ˆ�˜��
�Ì�…�i���Ã�Þ�Ã�Ì�i�“�°���/�…�i�À�i�v�œ�À�i�]���Ì�…�i���Û�>�•�Õ�i��
�œ�v���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���v�À�œ�“���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���À�i�`�Õ�V�i�Ã���Ì�œ�� 
�Ë�Ó�°�£���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���£�ä�ä�}���>�˜�`�� 
�Ë�x�°�£���L�˜�É�Þ�i�>�À���ˆ�˜���Ì�…�i���Ó�x�}���V�>�Ã�i�� 
�ˆ�v���ˆ�Ì���ˆ�Ã���œ�«�i�À�>�Ì�i�`���ˆ�˜���>���…�ˆ�}�…�•�Þ�� 
�y�i�Ý�ˆ�L�•�i���Ã�Þ�Ã�Ì�i�“�°

�/�…�i���“�œ�`�i�•�•�ˆ�˜�}���À�i�Ã�Õ�•�Ì�Ã���>�•�Ã�œ��
demonstrate that �V�J�G���ƒ�G�Z�K�D�K�N�K�V�[��
of hybrid heating systems can 
displace the capacity of other 
�ƒ�G�Z�K�D�K�N�K�V�[���U�Q�W�T�E�G�U���U�W�E�J���C�U��
electricity storage, which has 
higher capex.
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7.  Commercial 
strategies for 
coordinated 
control

7.1  Introduction

�6�J�G���ƒ�G�Z�K�D�K�N�K�V�[���Q�H��
residential heat demand 
combined with hybrid 
heating systems can 
�H�C�E�K�N�K�V�C�V�G���C���E�Q�U�V���G�H�‚�E�K�G�P�V��
decarbonisation of the 
energy sector, while at 
the same time offering 
�G�E�Q�P�Q�O�K�E���D�G�P�G�‚�V�U���V�Q��
�ƒ�G�Z�K�D�N�G���T�G�U�K�F�G�P�V�K�C�N��
consumers. 

The conceptual advantage 
of a hybrid system is that it 
�E�Q�O�D�K�P�G�U���V�J�G���J�K�I�J���G�H�‚�E�K�G�P�E�[��
of supplying heat through 
an ASHP with the extra heat 
capacity of the gas boiler  
�`�Õ�À�ˆ�˜�}���>�`�Û�i�À�Ã�i���Ã�Þ�Ã�Ì�i�“�É�“�>�À�Ž�i�Ì��
conditions. This aspect enables 
end-users to select the most 
�>�«�«�À�œ�«�À�ˆ�>�Ì�i���i�˜�i�À�}�Þ���Ã�œ�Õ�À�V�i���Ì�œ��
meet their heat requirements 
�L�>�Ã�i�`���œ�˜���i�˜�i�À�}�Þ���Ã�Õ�«�«�•�Þ���V�œ�Ã�Ì�Ã�Æ��
the dual-fuel capability allows 
�i�˜�`�‡�Õ�Ã�i�À�Ã���Ì�œ���Ã�i�ˆ�â�i���>�À�L�ˆ�Ì�À�>�}�i��
opportunities in the electricity 
�>�˜�`���}�>�Ã���“�>�À�Ž�i�Ì�Ã���L�Þ���Ã�i�•�i�V�Ì�ˆ�˜�}��
�Ì�…�i���“�œ�Ã�Ì���V�œ�Ã�Ì�‡�i�v�w�V�ˆ�i�˜�Ì���i�˜�i�À�}�Þ��
medium and at optimum 
�­�ˆ�˜�Ì�À�>�‡�`�>�Þ�®���«�À�ˆ�V�i���V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã�]��
�Ü�…�ˆ�•�i���Ã�Õ�«�«�œ�À�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�‡�Ü�ˆ�`�i��
�œ�L�•�i�V�Ì�ˆ�Û�i�Ã���>�˜�`���“�i�i�Ì�ˆ�˜�}���Ì�…�i���i�˜�`�‡
user’s temperature preferences.

���>�Ì�>���V�œ�•�•�i�V�Ì�i�`���`�Õ�À�ˆ�˜�}���Ì�…�i��
Freedom Project have shown 
that the hybrid system users 
�E�C�P���O�C�Z�K�O�K�U�G���V�J�G�K�T���D�G�P�G�‚�V�U 
�­�ˆ�°�i�°���“�ˆ�˜�ˆ�“�ˆ�Ã�i���V�œ�Ã�Ì�®�]���Õ�˜�`�i�À���}�ˆ�Û�i�˜��
�«�À�ˆ�V�i���Ã�ˆ�}�˜�>�•�Ã���v�œ�À���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`��
�}�>�Ã�]���L�Þ���ˆ�“�«�•�i�“�i�˜�Ì�ˆ�˜�}���Ì�…�i���Ã�“�>�À�Ì��
control solution developed by 

PassivSystems. To build on these 
�•�i�>�À�˜�ˆ�˜�}���«�œ�ˆ�˜�Ì�Ã�]���Ì�…�i��key focus is 
�V�Q���C�U�U�G�U�U���V�J�G���E�W�U�V�Q�O�G�T���D�G�P�G�‚�V�U��
and therefore establish the 
value proposition for smart 
hybrid control ���ˆ�˜���Ì�…�i���V�œ�˜�Ì�i�Ý�Ì��
�œ�v���Ì�…�i���v�Õ�Ì�Õ�À�i���1�����i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“�]��
�•�œ�œ�Ž�ˆ�˜�}���>�Ì���Ì�…�i���Ó�ä�Î�ä�‡�Ó�ä�x�ä���…�œ�À�ˆ�â�œ�˜��
and the likely price variation 
patterns in the future. For that 
�«�Õ�À�«�œ�Ã�i�]���Ã�Þ�Ã�Ì�i�“�‡�•�i�Û�i�•���Ã�Ì�Õ�`�ˆ�i�Ã��
�…�>�Û�i���L�i�i�˜���V�>�À�À�ˆ�i�`���œ�Õ�Ì���Õ�Ã�ˆ�˜�}��
���“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i�¿�Ã���7�i�-�������“�œ�`�i�•��
that consider two future carbon 
targets for the electricity 
industry: 100g and 25g CO 2/
kWh, �>�˜�`���Ì�…�i���À�i�Ã�Õ�•�Ì�ˆ�˜�}���“�>�À�Ž�i�Ì��
price patterns have been used in 
this report. These prices include: 
�Ì�ˆ�“�i�‡�Û�>�À�Þ�ˆ�˜�}���Ü�…�œ�•�i�Ã�>�•�i���i�˜�i�À�}�Þ��
prices and associated carbon 
�>�˜�`���Ã�Þ�Ã�Ì�i�“���ˆ�˜�Ì�i�}�À�>�Ì�ˆ�œ�˜���V�œ�Ã�Ì�Ã���v�œ�À��
�L�œ�Ì�…���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì���Ã�V�i�˜�>�À�ˆ�œ�Ã�Æ��
operation and investment costs 
in conventional and low-carbon 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜�]���>�˜�`���ˆ�˜���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
networks. All of these factors  
�>�À�i���v�Õ�•�•�Þ���À�i�y�i�V�Ì�i�`���ˆ�˜���Ì�…�i���i�˜�i�À�}�Þ��
prices applied to the case studies 
in this report.
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7.2  Value of preheating strategies

�6�J�G���ƒ�G�Z�K�D�K�N�K�V�[���Q�H�H�G�T�G�F���D�[���U�O�C�T�V���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U���K�P���U�G�N�G�E�V�K�P�I���V�J�G���O�Q�U�V���E�Q�U�V��
�G�H�‚�E�K�G�P�V���G�P�G�T�I�[���O�G�F�K�W�O�����E�Q�O�D�K�P�G�F���Y�K�V�J���V�J�G���J�Q�W�U�G�J�Q�N�F�o�U���J�G�C�V���U�V�Q�T�C�I�G���E�C�R�C�D�K�N�K�V�K�G�U����
�C�N�N�Q�Y�U���ƒ�G�Z�K�D�N�G���E�Q�P�U�W�O�G�T�U���V�Q���C�F�L�W�U�V�����D�[���C�P�V�K�E�K�R�C�V�K�P�I���
�R�T�G���J�G�C�V�K�P�I�����Q�T���F�G�N�C�[�K�P�I�����V�J�G�K�T��
heat demand and ultimately reduce their energy costs. The results in �(�K�I�W�T�G������ 
�F�G�O�Q�P�U�V�T�C�V�G���V�J�G���C�R�R�N�K�E�C�D�K�N�K�V�[���Q�H���R�T�G���J�G�C�V�K�P�I���U�V�T�C�V�G�I�K�G�U���E�Q�O�D�K�P�G�F���Y�K�V�J���V�J�G���ƒ�G�Z�K�D�K�N�K�V�[��
of hybrids in reducing energy costs for households in the two carbon scenarios 

7 .   C O M M E R C I A L  S T R AT E G I E S  F O R  C O O R D I N AT E D  C O N T R O L

�(�K�I�W�T�G�����������'�P�G�T�I�[���E�Q�U�V�U���H�Q�T���C���U�K�P�I�N�G���J�Q�W�U�G�J�Q�N�F���Y�K�V�J���C�P�F���Y�K�V�J�Q�W�V���R�T�G���J�G�C�V�K�P�I���U�V�T�C�V�G�I�K�G�U����

�C�P�F���E�Q�P�U�K�F�G�T�K�P�I���V�J�G���E�C�T�D�Q�P���V�C�T�I�G�V�U���Q�H���
�C�����������I���%�12���M�9�J�����C�P�F���
�D���������I���%�12���M�9�J�����H�Q�T���V�J�G��

electricity sector.

The �G�N�G�E�V�T�K�‚�E�C�V�K�Q�P���Q�H���V�J�G���T�G�U�K�F�G�P�V�K�C�N���J�G�C�V���U�G�E�V�Q�T driven by the ambitious reductions in carbon  
emissions will lead to �U�K�I�P�K�‚�E�C�P�V���E�J�C�P�I�G�U���K�P���V�J�G���G�N�G�E�V�T�K�E�K�V�[���K�P�F�W�U�V�T�[�� and particularly affect electricity 
�˜�i�Ì�Ü�œ�À�Ž�Ã�°���
�œ�˜�Ã�ˆ�`�i�À�ˆ�˜�}���V�Õ�À�À�i�˜�Ì���Ã�Þ�Ã�Ì�i�“���V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã�]���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���˜�i�Ì�Ü�œ�À�Ž���V�>�«�>�V�ˆ�Ì�Þ���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì�Ã���Ü�ˆ�•�•���L�i��
�À�i�µ�Õ�ˆ�À�i�`���Ì�œ���>�V�V�œ�“�“�œ�`�>�Ì�i���Ì�…�i���˜�i�Ü���i�•�i�V�Ì�À�ˆ�w�i�`���…�i�>�Ì���`�i�“�>�˜�`�Æ���`�Õ�i���Ì�œ���Ì�…�i���Ã�i�>�Ã�œ�˜�>�•���V�…�>�À�>�V�Ì�i�À�ˆ�Ã�Ì�ˆ�V�Ã���œ�v���`�i�“�>�˜�`��
�v�œ�À���…�i�>�Ì���­�ˆ�°�i�°���Ì�Þ�«�ˆ�V�>�•�•�Þ���œ�V�V�Õ�À�À�ˆ�˜�}���`�Õ�À�ˆ�˜�}���V�œ�•�`���“�œ�˜�Ì�…�Ã�®���Ì�…�i���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���«�i�>�Ž�Ã���`�Õ�À�ˆ�˜�}���V�œ�•�`���Ã�i�>�Ã�œ�˜�Ã���Ü�ˆ�•�•���L�i��
�`�ˆ�Ã�«�À�œ�«�œ�À�Ì�ˆ�œ�˜�>�•�•�Þ���…�ˆ�}�…�i�À���Ì�…�>�˜���Ì�…�i���ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���i�˜�i�À�}�Þ�]���À�i�Ã�Õ�•�Ì�ˆ�˜�}���ˆ�˜���•�œ�Ü�i�À���Õ�Ì�ˆ�•�ˆ�Ã�>�Ì�ˆ�œ�˜���•�i�Û�i�•�Ã���v�œ�À���Ã�Þ�Ã�Ì�i�“���>�Ã�Ã�i�Ì�Ã�� 
�>�˜�`���ˆ�˜���«�>�À�Ì�ˆ�V�Õ�•�>�À���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���˜�i�Ì�Ü�œ�À�Ž�Ã���>�˜�`���}�i�˜�i�À�>�Ì�ˆ�œ�˜���«�•�>�˜�Ì�Ã�°��

Therefore the following range of hybrid heating system services/applications is considered: 

•  Pre-heating strategies,  
which allow end-users to 
adjust their heat demand and 
�Ã�i�•�i�V�Ì���Ì�…�i���“�œ�Ã�Ì���V�œ�Ã�Ì�‡�i�v�w�V�ˆ�i�˜�Ì��
�i�˜�i�À�}�Þ���“�i�`�ˆ�Õ�“���Ì�>�Ž�ˆ�˜�}���ˆ�˜�Ì�œ��
consideration the dual-fuel 
capability of hybrids. 

•  Balancing services 
(Frequency Response and 
Reserve), �}�ˆ�Û�i�˜���Ì�…�i���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}��
�˜�i�i�`���v�œ�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���ˆ�˜���v�Õ�Ì�Õ�À�i��
low-carbon power systems 
�>�˜�`���«�œ�Ì�i�˜�Ì�ˆ�>�•���Ã�Þ�˜�i�À�}�ˆ�i�Ã���Ü�ˆ�Ì�…��
�…�i�>�Ì���`�i�“�>�˜�`�‡�L�>�Ã�i�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ�°��
�-�«�i�V�ˆ�w�V�>�•�•�Þ�]���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v��
upwards and downwards 
�L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���Ü�ˆ�•�•���i�˜�>�L�•�i��
end-users to further reduce 
�Ì�…�i�ˆ�À���i�˜�i�À�}�Þ���L�ˆ�•�•�Ã���L�Þ���Ã�i�V�Õ�À�ˆ�˜�}��
�>���À�i�Û�i�˜�Õ�i���Ã�Ì�À�i�>�“���L�Þ���>�•�•�œ�Ü�ˆ�˜�}��
a momentary reduction or 
increase in heat supply.

•  Capacity services,  in the form 
�œ�v���˜�i�Ì�Ü�œ�À�Ž���>�˜�`���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�V�>�«�>�V�ˆ�Ì�Þ���Ã�i�À�Û�ˆ�V�i�Ã�]���Ü�ˆ�•�•���L�i��
essential to ensure adequate 
maintenance of security 
of supply in a low-carbon 
�i�˜�i�À�}�Þ���v�Õ�Ì�Õ�À�i���`�Õ�i���Ì�œ���Ì�…�i��
seasonal aspect of residential 
�…�i�>�Ì���`�i�“�>�˜�`���>�˜�`���ˆ�Ì�Ã���…�ˆ�}�…��
correlation with adverse 
weather conditions. In an 
electricity distribution network 
�V�œ�˜�Ì�i�Ý�Ì�]���Ì�…�i�Ã�i���>�À�i���`�ˆ�À�i�V�Ì�•�Þ��
�>�Ã�Ã�œ�V�ˆ�>�Ì�i�`���Ü�ˆ�Ì�…���Ì�…�i���L�i�˜�i�w�Ì�� 
of reduced distribution use 
�œ�v���Ã�Þ�Ã�Ì�i�“���V�…�>�À�}�i�Ã�°

•  Supporting low-carbon 
generation �Ì�…�À�œ�Õ�}�…���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���ˆ�Ã���v�Õ�˜�`�>�“�i�˜�Ì�>�•���Ì�œ��
�>�V�…�ˆ�i�Û�ˆ�˜�}���>���`�i�V�>�À�L�œ�˜�ˆ�Ã�i�`��
�i�˜�i�À�}�Þ���Ã�i�V�Ì�œ�À���ˆ�˜���>���V�œ�Ã�Ì�‡
�i�v�w�V�ˆ�i�˜�Ì���Ü�>�Þ�°���‚�•�Ì�…�œ�Õ�}�…��
included in the revenue 
stream associated with 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�«�>�V�ˆ�Ì�Þ���Ã�i�À�Û�ˆ�V�i�Ã�]��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���v�À�œ�“���À�i�Ã�ˆ�`�i�˜�Ì�ˆ�>�•���…�i�>�Ì��
demand should be adequately 
�À�i�“�Õ�˜�i�À�>�Ì�i�`���v�œ�À���À�i�`�Õ�V�ˆ�˜�}���Ì�…�i��
need to invest in low-carbon 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜�°���
�Õ�À�À�i�˜�Ì���À�i�}�Õ�•�>�Ì�œ�À�Þ��
framework considers 
renewable heat incentives for 
domestic consumers for similar 
objectives i.e. to reward 
�`�œ�“�i�Ã�Ì�ˆ�V���Õ�Ã�i�À�Ã���v�œ�À���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}��
�Ì�œ���•�œ�Ü�‡�V�>�À�L�œ�˜���i�˜�i�À�}�Þ���Ã�œ�Õ�À�V�i�Ã��
for heat demand.
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�(�W�P�F�C�O�G�P�V�C�N�N�[�����V�J�G���X�C�N�W�G���Q�H���U�O�C�T�V���J�[�D�T�K�F�U���C�T�G���F�K�T�G�E�V�N�[���C�U�U�Q�E�K�C�V�G�F���Y�K�V�J���V�J�G���D�G�P�G�‚�V�U��
of meeting the carbon targets in the energy sector by improving the utilisation of 
low-carbon generation and overall system assets, and thus reducing the need for 
network and generation capacity reinforcements. 

7.3  Value proposition of hybrid 
heating systems in decarbonised 
electricity markets

�(�K�I�W�T�G�����������'�P�G�T�I�[���E�Q�U�V�U���Y�J�G�P���E�Q�P�U�K�F�G�T�K�P�I���V�J�G���R�T�Q�X�K�U�K�Q�P���Q�H���/�W�N�V�K���U�G�T�X�K�E�G�U���
�K���G�����2�T�G���J�G�C�V�K�P�I���
���%�C�R�C�E�K�V�[���
���$�C�N�C�P�E�K�P�I�������E�Q�P�U�K�F�G�T�K�P�I���F�K�H�H�G�T�G�P�V��

�E�C�T�D�Q�P���V�C�T�I�G�V�U���H�Q�T���V�J�G���G�P�G�T�I�[���U�G�E�V�Q�T���
�C�����������I���%�12���M�9�J�����C�P�F���
�D���������I���%�12���M�9�J�����*�Q�W�U�G�J�Q�N�F�U�����������K�P�E�T�G�C�U�G���H�T�Q�O���N�Q�Y���V�Q���J�K�I�J���J�G�C�V���F�G�O�C�P�F

7 .   C O M M E R C I A L  S T R AT E G I E S  F O R  C O O R D I N AT E D  C O N T R O L

7.4  Multi-service business 
models for hybrid 
heating systems

A multi-service business 
model framework, which 
combines the provision 
of multiple services to 
various sectors of the 
electricity industry, results 
in reduced net energy 
costs for consumers. 
Smart hybrid heating 
systems can participate  
in the balancing and 
capacity markets and 
thus support the energy 
system and network 
operators by providing 
�ƒ�G�Z�K�D�K�N�K�V�[���D�C�U�G�F���U�G�T�X�K�E�G�U����

�(�K�I�W�T�G��������shows the total 
energy costs for a typical 
household over a year, and 
the breakdown per service 
component, for 4 commercial 
scenarios: 

   �7�…�i�˜���V�œ�˜�Ã�ˆ�`�i�À�ˆ�˜�}�� 
�«�À�i�‡�…�i�>�Ì�ˆ�˜�}�� 
�Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã���œ�˜�•�Þ�]��

   �
�œ�˜�Ã�ˆ�`�i�À�ˆ�˜�}�� 
�«�À�i�‡�…�i�>�Ì�ˆ�˜�}���Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã�� 
and participation  
�ˆ�˜���Ì�…�i���V�>�«�>�V�ˆ�Ì�Þ���“�>�À�Ž�i�Ì�]��

   �
�œ�˜�Ã�ˆ�`�i�À�ˆ�˜�}�� 
�«�À�i�‡�…�i�>�Ì�ˆ�˜�}���Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã�� 
and participation  
�ˆ�˜���Ì�…�i���L�>�•�>�˜�V�ˆ�˜�}�� 
market and

   �*�À�i�‡�…�i�>�Ì�ˆ�˜�}���Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã�� 
and participation both 
in the capacity and 
�L�>�•�>�˜�V�ˆ�˜�}���“�>�À�Ž�i�Ì�Ã�� 
�­�“�Õ�•�Ì�ˆ�‡�Ã�i�À�Û�ˆ�V�i���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜�®�°

�(�K�I�W�T�G�����������'�P�G�T�I�[���E�Q�U�V�U���Y�J�G�P���E�Q�P�U�K�F�G�T�K�P�I�����2�T�G���J�G�C�V�K�P�I���U�V�T�C�V�G�I�K�G�U�����2�T�G���J�G�C�V�K�P�I���
���%�C�R�C�E�K�V�[���U�G�T�X�K�E�G�U���� 

Pre-heating + Balancing services and Pre-heating + Capacity + Balancing services (i.e. Multi-service provision) 

�‚�Ã���Ì�…�i���i�˜�i�À�}�Þ���Ã�i�V�Ì�œ�À���«�À�œ�}�À�i�Ã�Ã�i�Ã���Ì�œ���>���•�œ�Ü�‡�V�>�À�L�œ�˜���v�Õ�Ì�Õ�À�i�]���Ü�ˆ�Ì�…���Ì�…�i���Õ�•�Ì�ˆ�“�>�Ì�i���Ì�>�À�}�i�Ì���œ�v���˜�i�>�À�‡�â�i�À�œ���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�]��
�y�i�Ý�ˆ�L�•�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���i�˜�`�‡�Õ�Ã�i�À�Ã���V�>�˜���Ã�i�i���>��reduction in their energy bills by almost 50% �] 
as shown in �(�K�I�W�T�G�������]���Ü�ˆ�Ì�…�œ�Õ�Ì���>�˜�Þ���V�œ�“�«�À�œ�“�ˆ�Ã�i���œ�˜���Ì�…�i���V�Õ�Ã�Ì�œ�“�i�À�½�Ã���V�œ�“�v�œ�À�Ì���•�i�Û�i�•�°�����œ�À���ˆ�˜�Ã�Ì�>�˜�V�i�]��in the 25g 
CO2/kWh scenario the annual heating cost of a household with high heat demand could reduce from 
around £800 to £400 per year ���ˆ�v���L�Õ�Ã�ˆ�˜�i�Ã�Ã�‡�>�Ã�‡�Õ�Ã�Õ�>�•���œ�«�i�À�>�Ì�ˆ�œ�˜���ˆ�Ã���À�i�«�•�>�V�i�`���Ü�ˆ�Ì�…���«�À�i�‡�…�i�>�Ì�ˆ�˜�}���Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã��
combined with multiple service provision.

� �œ�Ì�i���Ì�…�>�Ì���Õ�˜�`�i�À���Ì�…�i���V�Õ�À�À�i�˜�Ì���“�>�À�Ž�i�Ì���>�˜�`���À�i�}�Õ�•�>�Ì�œ�À�Þ���v�À�>�“�i�Ü�œ�À�Ž�]���y�i�Ý�ˆ�L�•�i���À�i�Ã�ˆ�`�i�˜�Ì�ˆ�>�•���V�œ�˜�Ã�Õ�“�i�À�Ã���V�>�˜�˜�œ�Ì 
access these multiple sources of value and therefore the market framework will need to evolve to 
�i�˜�Ã�Õ�À�i���Ã�“�>�•�•�‡�Ã�V�>�•�i���y�i�Ý�ˆ�L�•�i���«�À�œ�Û�ˆ�`�i�À�Ã���V�>�˜���>�V�V�i�Ã�Ã���Ì�…�i�Ã�i���À�i�Û�i�˜�Õ�i���Ã�Ì�À�i�>�“�Ã�°
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�����������5�[�P�G�T�I�K�G�U���C�P�F���E�Q�P�ƒ�K�E�V�U�� 
among services

In a multi-service business model framework, the interactions between applications/
services lead to slight variations in the breakdown across components with different 
commercial strategies being considered. 

���>�Ý�ˆ�“�ˆ�Ã�ˆ�˜�}���Ì�…�i���i�˜�`�‡�Õ�Ã�i�À�½�Ã��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ì�œ���“�ˆ�˜�ˆ�“�ˆ�Ã�i���Ã�Õ�«�«�•�Þ��
�V�œ�Ã�Ì�Ã���œ�˜�•�Þ���ˆ�Ã���ˆ�˜���V�œ�˜�y�ˆ�V�Ì���Ü�ˆ�Ì�…���Ì�…�i��
�«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���Ã�Þ�Ã�Ì�i�“���Ã�i�À�Û�ˆ�V�i�Ã�]��
�}�ˆ�Û�i�˜���Ì�…�>�Ì���i�Ý�i�À�V�ˆ�Ã�ˆ�˜�}���Ì�…�i��
committed services may result 
in additional costs to meet the 
�i�˜�`�‡�Õ�Ã�i�À�¿�Ã���i�˜�i�À�}�Þ���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã��
�­�ˆ�˜���Ì�…�ˆ�Ã���V�>�Ã�i���L�Þ���Õ�Ã�ˆ�˜�}���Ì�…�i���}�>�Ã��
�L�œ�ˆ�•�i�À�®�°���‚�•�Ã�œ�]���}�ˆ�Û�i�˜���Ì�…�>�Ì���Ì�…�i��
provision of capacity services 
�>�˜�`���L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���>�À�i��
�“�Õ�Ì�Õ�>�•�•�Þ���i�Ý�V�•�Õ�Ã�ˆ�Û�i���­�ˆ�v���œ�v�v�i�À�i�`���ˆ�˜��
�Ì�…�i���Ã�>�“�i���«�i�À�ˆ�œ�`�Ã�®�]���Ì�…�i��volumes 
of multiple services being 
provided are optimised  
to maximise the synergies 
between them. 

It has been demonstrated that 
end-users can effectively reduce 
the cost associated with their 
�i�˜�i�À�}�Þ���˜�i�i�`�Ã�]���Ü�…�ˆ�•�i���>�Ì���Ì�…�i���Ã�>�“�i��
�Ì�ˆ�“�i���Ã�i�V�Õ�À�ˆ�˜�}���À�i�Û�i�˜�Õ�i���Ã�Ì�À�i�>�“�Ã��
�v�À�œ�“���Ì�…�i���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ�‡
�L�>�Ã�i�`���Ã�i�À�Û�ˆ�V�i�Ã�]���Ì�…�Õ�Ã���Ã�Õ�«�«�œ�À�Ì�ˆ�˜�}��
the accommodation of increased 
penetration of intermittent 
�•�œ�Ü�‡�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���>��
�V�œ�Ã�Ì�‡�i�v�w�V�ˆ�i�˜�Ì���Ì�À�>�˜�Ã�ˆ�Ì�ˆ�œ�˜���Ì�œ���>��
decarbonised electricity system. 
The model results demonstrate 
that PassivSystems hybrid 
heating systems combined 
�Y�K�V�J���J�G�C�V���F�G�O�C�P�F���ƒ�G�Z�K�D�K�N�K�V�[ 
can support the carbon 
objectives for 2030 and beyond 
(i.e. 100g and 25g CO 2/kWh).

Smart hybrid systems with  
multi-service provision that relies 
�œ�˜���Ì�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���V�œ�“�ˆ�˜�}���v�À�œ�“��
switching over to on-demand 
renewable gas supports the 
objective of fully decarbonising 
domestic heat in the most 
affordable way. 

The overall reduction in 
�V�œ�˜�Ã�Õ�“�i�À�Ã�½���i�˜�i�À�}�Þ���L�ˆ�•�•�Ã���Ü�>�Ã��
found to vary between 27% 
and 46%, ���`�i�«�i�˜�`�ˆ�˜�}���œ�˜���Ì�…�i��
household annual heat demand 
�>�˜�`���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�Ã�°��

7 .   C O M M E R C I A L  S T R AT E G I E S  F O R  C O O R D I N AT E D  C O N T R O L

8.  Market,  
regulatory 
and policy 
recommendations
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8.1  Introduction

This section summarises the policy framework around 
the decarbonisation of the UK energy system and the 
�T�Q�N�G���Q�H���ƒ�G�Z�K�D�K�N�K�V�[���K�P���H�C�E�K�N�K�V�C�V�K�P�I���C���E�Q�U�V���G�H�H�G�E�V�K�X�G���V�T�C�P�U�K�V�K�Q�P��
to the low-carbon energy future, with a particular focus 
on the role and value of hybrid heating systems as a 
�E�Q�T�G���V�G�E�J�P�Q�N�Q�I�[���K�P���C�E�J�K�G�X�K�P�I���C�P���G�H�‚�E�K�G�P�V���F�G�E�C�T�D�Q�P�K�U�C�V�K�Q�P��
�Q�H���V�J�G���J�G�C�V���U�G�E�V�Q�T���C�P�F���R�T�Q�X�K�F�K�P�I���ƒ�G�Z�K�D�K�N�K�V�[���V�J�T�Q�W�I�J��
�R�T�G�J�G�C�V�K�P�I���C�P�F���K�O�R�T�Q�X�G�F���Q�R�G�T�C�V�K�P�I���G�H�‚�E�K�G�P�E�[���V�J�T�Q�W�I�J��
smart control schemes trialled by PassivSystems in the 
Freedom Project. Furthermore, gaps in the current 
�O�C�T�M�G�V���C�P�F���T�G�I�W�N�C�V�Q�T�[���H�T�C�O�G�Y�Q�T�M���C�T�G���K�F�G�P�V�K�‚�G�F�����Y�K�V�J��
suitable recommendations provided to realise the 
�O�W�N�V�K�R�N�G���U�[�U�V�G�O���D�G�P�G�‚�V�U���Q�H���U�O�C�T�V���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U��
in energy, balancing and capacity market segments.

8 .   M A R K E T,  R E G U L AT O R Y  A N D  P O L I C Y  R E C O M M E N D AT I O N S
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8 .   M A R K E T,  R E G U L AT O R Y  A N D  P O L I C Y  R E C O M M E N D AT I O N S

Energy systems across 
the world are currently 
undergoing fundamental 
changes, mainly driven 
by the continuously 
increasing levels of 
greenhouse gas emissions 
in the atmosphere  
and the associated 
environmental and  
climate change concerns. 

� �Õ�“�i�À�œ�Õ�Ã���}�œ�Û�i�À�˜�“�i�˜�Ì�Ã���…�>�Û�i��
�Ì�>�Ž�i�˜���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���ˆ�˜�ˆ�Ì�ˆ�>�Ì�ˆ�Û�i�Ã���ˆ�˜��
response to such concerns. In 
�Ì�…�i���1�˜�ˆ�Ì�i�`�����ˆ�˜�}�`�œ�“�]���Ì�…�i��2008 
Climate Change Act���Ã�i�Ì���>���•�i�}�>�•�•�Þ��
�L�ˆ�˜�`�ˆ�˜�}���Ì�>�À�}�i�Ì���œ�v���Ó�È�¯���À�i�`�Õ�V�Ì�ˆ�œ�˜��
�ˆ�˜���}�À�i�i�˜�…�œ�Õ�Ã�i���}�>�Ã�i�Ã���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã��
by 2026 (with respect to the 
�£�™�™�ä���L�>�Ã�i�•�ˆ�˜�i�®�]���i�Ý�Ì�i�˜�`�i�`���Ì�œ��
�>���v�Õ�À�Ì�…�i�À���>�“�L�ˆ�Ì�ˆ�œ�Õ�Ã���Ì�>�À�}�i�Ì���œ�v��
�n�ä�¯���À�i�`�Õ�V�Ì�ˆ�œ�˜���L�Þ���Ó�ä�x�ä�°�����œ�À�i��
�À�i�V�i�˜�Ì�•�Þ�]���ˆ�˜���ˆ�Ì�Ã���>�`�Û�ˆ�V�i���Ì�œ���Ì�…�i���1����
Government on future carbon 
�L�Õ�`�}�i�Ì�Ã�]���Ì�…�i���
�œ�“�“�ˆ�Ì�Ì�i�i���œ�˜��
�
�•�ˆ�“�>�Ì�i���
�…�>�˜�}�i���­�
�
�
�®���…�>�Ã��
emphasised the importance of 
�`�i�V�>�À�L�œ�˜�ˆ�Ã�ˆ�˜�}���Ì�…�i���«�œ�Ü�i�À���Ã�i�V�Ì�œ�À��
and recommended that the aim 
should be to reduce the carbon 
intensity of power generation 
from the current levels of 
around 350g CO 2/kWh to 
around 100g CO 2/kWh in 2030  
and potentially 25g CO 2/kWh  
in 2050 8.

���˜���Ì�…�i���V�œ�˜�Ì�i�Ý�Ì���œ�v���>�`�`�À�i�Ã�Ã�ˆ�˜�}�� 
the above environmental  
�>�˜�`���i�˜�i�À�}�Þ���Ã�i�V�Õ�À�ˆ�Ì�Þ���V�œ�˜�V�i�À�˜�Ã�]��
�i�˜�i�À�}�Þ���Ã�Þ�Ã�Ì�i�“�Ã���>�À�i���v�>�V�ˆ�˜�}���Ì�…�i��
�V�…�>�•�•�i�˜�}�i���œ�v���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜�°��
�‚�Ì���Ì�…�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ã�ˆ�`�i�]���Ì�…�ˆ�Ã��
decarbonisation is already 
�Õ�˜�`�i�À���Ü�>�Þ���Ì�…�À�œ�Õ�}�…���Ì�…�i���Ü�ˆ�`�i��
deployment of renewable 
and other low-carbon (such as 
�˜�Õ�V�•�i�>�À�®���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ã�œ�Õ�À�V�i�Ã�°���/�…�i��
European Commission has put 
�v�œ�À�Ü�>�À�`���>���•�i�}�>�•�•�Þ���L�ˆ�˜�`�ˆ�˜�}���Ì�>�À�}�i�Ì��
�v�œ�À���À�i�˜�i�Ü�>�L�•�i���i�˜�i�À�}�Þ���Ã�œ�Õ�À�V�i�Ã���Ì�œ��
�V�œ�Û�i�À���Ó�ä�¯���œ�v���Ì�…�i���Ì�œ�Ì�>�•���i�˜�i�À�}�Þ��
consumption in the European 
�1�˜�ˆ�œ�˜���L�Þ���Ó�ä�Ó�ä�]���i�Ý�Ì�i�˜�`�i�`���Ì�œ���>��
�v�Õ�À�Ì�…�i�À���Ì�>�À�}�i�Ì���œ�v���Ó�Ç�¯���L�Þ���Ó�ä�Î�ä�°��
���œ�Ü�i�Û�i�À�]���Ì�…�i���“�>�•�œ�À�ˆ�Ì�Þ���œ�v���Ì�…�i�Ã�i��
sources (especially wind and 
�Ã�œ�•�>�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ü�…�ˆ�V�…���V�œ�˜�Ã�Ì�ˆ�Ì�Õ�Ì�i��
�Ì�…�i���`�œ�“�ˆ�˜�>�˜�Ì���À�i�˜�i�Ü�>�L�•�i���i�˜�i�À�}�Þ��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���ˆ�˜���Ì�…�i���1���®���>�À�i��
inherently characterised by 
�…�ˆ�}�…���Û�>�À�ˆ�>�L�ˆ�•�ˆ�Ì�Þ���>�˜�`���•�ˆ�“�ˆ�Ì�i�`��
predictability and controllability. 
Their power output is not only 
�i�Ý�Ì�À�i�“�i�•�Þ���Û�>�À�ˆ�>�L�•�i�]���L�Õ�Ì���ˆ�Ã���>�•�Ã�œ��
�â�i�À�œ���`�Õ�À�ˆ�˜�}���«�i�À�ˆ�œ�`�Ã���œ�v���•�œ�Ü���Ü�ˆ�˜�`��
�Ã�«�i�i�`���œ�À���˜�œ���Ã�Õ�˜�Ã�…�ˆ�˜�i�]���Ü�ˆ�Ì�… solar 
power being diametrically 
opposed to seasonal heat 
demand and therefore being 
of little value to heat pumps 
as stand-alone or hybrid 
installations.  

8.2  Decarbonisation  
of energy systems

8 www.theccc.org.uk/publication/reducing-uk-emissions-2018-progress-report-to-parliament

���Õ�À�Ì�…�i�À�“�œ�À�i�]���ˆ�˜�V�À�i�>�Ã�i�`���Ã�…�>�À�i�Ã��
of renewables (i.e. inverter-
�L�>�Ã�i�`���«�œ�Ü�i�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜�®���ˆ�˜��
�Ì�…�i���V�>�«�>�V�ˆ�Ì�Þ���“�ˆ�Ý���À�i�`�Õ�V�i���Ì�…�i��
system inertia which is provided 
�L�Þ���Ì�…�i���Ã�Ì�œ�À�i�`���Ž�ˆ�˜�i�Ì�ˆ�V���i�˜�i�À�}�Þ���œ�v��
�Ì�…�i���À�œ�Ì�>�Ì�ˆ�˜�}���“�>�Ã�Ã���œ�v���Ì�…�i���«�œ�Ü�i�À��
�}�i�˜�i�À�>�Ì�œ�À�Ã�½���Ì�Õ�À�L�ˆ�˜�i�Ã�°���7�ˆ�Ì�…���Ì�…�ˆ�Ã��
�À�i�`�Õ�V�Ì�ˆ�œ�˜���ˆ�˜���Ã�Þ�Ã�Ì�i�“���ˆ�˜�i�À�Ì�ˆ�>�]���>�˜�Þ��
imbalance between supply and 
�`�i�“�>�˜�`���Ü�ˆ�•�•���V�…�>�˜�}�i���Ì�…�i���Ã�Þ�Ã�Ì�i�“��
frequency more rapidly than 
�Ì�œ�`�>�Þ�]���V�…�>�•�•�i�˜�}�ˆ�˜�}���Ì�…�i���Ã�Ì�>�L�ˆ�•�ˆ�Ì�Þ���œ�v��
the system. Furthermore nuclear 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�Ã���…�ˆ�}�…�•�Þ���ˆ�˜�y�i�Ý�ˆ�L�•�i�]��
�ˆ�“�«�•�Þ�ˆ�˜�}���Ì�…�>�Ì���ˆ�Ì���V�>�˜�˜�œ�Ì���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i��
�Ì�œ���Ì�…�i���L�>�•�>�˜�V�ˆ�˜�}���L�Õ�À�`�i�˜���œ�v���Ì�…�i��
system. 

�‚�Ì���Ì�…�i���`�i�“�>�˜�`���Ã�ˆ�`�i�]���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì��
decarbonisation of the heat and 
�Ì�À�>�˜�Ã�«�œ�À�Ì���Ã�i�V�Ì�œ�À�Ã���ˆ�Ã���i�Ý�«�i�V�Ì�i�`��
beyond 2030. Traditional 
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ì�œ���Ã�>�Ì�ˆ�Ã�v�Þ���V�œ�˜�Ã�Õ�“�i�À��
�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã���œ�v���…�i�>�Ì�ˆ�˜�}���>�˜�`��
�Ì�À�>�˜�Ã�«�œ�À�Ì�>�Ì�ˆ�œ�˜���­�}�>�Ã�É�œ�ˆ�•���w�À�i�`��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���v�œ�À���…�i�>�Ì�ˆ�˜�}���>�˜�`��
�ˆ�˜�Ì�i�À�˜�>�•���V�œ�“�L�Õ�Ã�Ì�ˆ�œ�˜���i�˜�}�ˆ�˜�i�Ã��
�v�œ�À���Ì�À�>�˜�Ã�«�œ�À�Ì�>�Ì�ˆ�œ�˜�®���>�À�i���L�>�Ã�i�`��
on the intense consumption 
of fossil fuels and the emission 
�œ�v���>���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���«�œ�À�Ì�ˆ�œ�˜���œ�v���Ì�…�i��
�Ì�œ�Ì�>�•���}�À�i�i�˜�…�œ�Õ�Ã�i���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�°�����˜��
�V�œ�“�L�ˆ�˜�>�Ì�ˆ�œ�˜���Ü�ˆ�Ì�…���Ì�…�i���œ�˜�}�œ�ˆ�˜�}��
and future decarbonisation 
�œ�v���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�Ã�Þ�Ã�Ì�i�“�Ã�]���Ã�Ì�À�œ�˜�}���“�œ�Ì�ˆ�Û�i�Ã���>�À�ˆ�Ã�i��
�v�œ�À���Ì�…�i���i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i�Ã�i��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�Æ���…�œ�Ü�i�Û�i�À�]��

until recently little attention 
had been paid to the reliable 
source of electricity generation 
that could sustain meeting 
this new demand.  Recent 
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�V�>�•���`�i�Û�i�•�œ�«�“�i�˜�Ì�Ã��
�ˆ�˜���Ì�…�i���>�Õ�Ì�œ�“�œ�Ì�ˆ�Û�i���>�˜�`���…�i�>�Ì�ˆ�˜�}��
sectors have techno-economically 
enabled this transition with 
�Ì�…�i���«�À�œ�`�Õ�V�Ì�ˆ�œ�˜���>�˜�`���i�v�w�V�ˆ�i�˜�Ì��
operation of electric vehicles 
�­�
�6�Ã�®���>�˜�`���i�•�i�V�Ì�À�ˆ�V���>�ˆ�À�‡�Ã�œ�Õ�À�V�i�‡
�…�i�>�Ì�‡�«�Õ�“�«�Ã���­�‚�-���*�®���À�i�Ã�«�i�V�Ì�ˆ�Û�i�•�Þ�°��
� �i�Û�i�À�Ì�…�i�•�i�Ã�Ã�]���`�Õ�i���Ì�œ���Ì�…�i���˜�>�Ì�Õ�À�>�•��
�i�˜�i�À�}�Þ���ˆ�˜�Ì�i�˜�Ã�ˆ�Ì�Þ���œ�v���…�i�>�Ì�ˆ�˜�}��
�>�˜�`���Ì�À�>�˜�Ã�«�œ�À�Ì�>�Ì�ˆ�œ�˜���•�œ�>�`�Ã�]���Ì�…�i��
�i�˜�Û�ˆ�À�œ�˜�“�i�˜�Ì�>�•���>�˜�`���i�˜�i�À�}�Þ��
security potential of this 
transition is accompanied by the 
introduction of a considerable 
amount of new demand in 
electrical power systems. 
���œ�ˆ�˜�}���v�Õ�À�Ì�…�i�À�]���Ì�…�i���ˆ�˜�Ì�À�œ�`�Õ�V�Ì�ˆ�œ�˜��
�œ�v���Ã�V�>�•�i�`�‡�Õ�«���i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜��
of heat and transport sectors 
will lead to disproportionately 
�•�>�À�}�i�À���`�i�“�>�˜�`���«�i�>�Ž�Ã���Ì�…�>�˜���Ì�…�i��
increase in the total electrical 
�i�˜�i�À�}�Þ���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜�]���`�Õ�i���Ì�œ��
the temporal patterns of users’ 
�…�i�>�Ì�ˆ�˜�}���>�˜�`���`�À�ˆ�Û�ˆ�˜�}���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã�°��
At the moment, these added 
loads onto the electricity 
system are stretching the 
�ƒ�G�Z�K�D�N�G���H�Q�U�U�K�N���I�G�P�G�T�C�V�K�Q�P��
sources to accommodate  
them until existing load  
has been decarbonised. 
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Given the above fundamental techno-economic challenges associated with the 
�F�G�E�C�T�D�Q�P�K�U�C�V�K�Q�P���Q�H���G�P�G�T�I�[���U�[�U�V�G�O�U�����C���E�N�G�C�T���P�G�G�F���G�O�G�T�I�G�U���H�Q�T���G�P�J�C�P�E�K�P�I���ƒ�G�Z�K�D�K�N�K�V�[��
�V�J�T�Q�W�I�J���V�J�G���G�H�‚�E�K�G�P�V���K�P�V�G�I�T�C�V�K�Q�P���Q�H���P�G�Y���V�G�E�J�P�Q�N�Q�I�K�G�U�����5�W�E�J���V�G�E�J�P�Q�N�Q�I�K�G�U���K�P�E�N�W�F�G����

Demand Side Response (DSR)  DSR schemes can re-distribute the electricity consumption across time 
�Ü�ˆ�Ì�…�œ�Õ�Ì���V�œ�“�«�À�œ�“�ˆ�Ã�ˆ�˜�}���Ì�…�i���Ã�i�À�Û�ˆ�V�i���µ�Õ�>�•�ˆ�Ì�Þ���`�i�•�ˆ�Û�i�À�i�`���Ì�œ���V�œ�˜�Ã�Õ�“�i�À�Ã�°

Energy storage ���
�˜�i�À�}�Þ���Ã�Ì�œ�À�>�}�i���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���…�>�Û�i���Ì�…�i���>�L�ˆ�•�ˆ�Ì�Þ���Ì�œ���>�V�Ì���>�Ã���L�œ�Ì�…���`�i�“�>�˜�`���>�˜�`���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�Ã�œ�Õ�À�V�i�Ã���>�˜�`���y�i�Ý�ˆ�L�•�Þ���Ã�V�…�i�`�Õ�•�i���Ì�…�i�ˆ�À���ˆ�˜�«�Õ�Ì���É���œ�Õ�Ì�«�Õ�Ì���>�V�À�œ�Ã�Ã���“�Õ�•�Ì�ˆ�«�•�i���Ì�ˆ�“�i�Ã�V�>�•�i�Ã�°

Flexible generation �‚�`�Û�>�˜�V�i�Ã���ˆ�˜���V�œ�˜�Û�i�˜�Ì�ˆ�œ�˜�>�•���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���>�À�i���>�•�•�œ�Ü�ˆ�˜�}���Ì�…�i�“���Ì�œ���«�À�œ�Û�ˆ�`�i��
�i�˜�…�>�˜�V�i�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ì�œ���Ì�…�i���Ã�Þ�Ã�Ì�i�“�°���/�…�ˆ�Ã���ˆ�Ã���`�Õ�i���Ì�œ���Ì�…�i�ˆ�À���>�L�ˆ�•�ˆ�Ì�Þ���Ì�œ���Ã�Ì�>�À�Ì���“�œ�À�i���µ�Õ�ˆ�V�Ž�•�Þ�]���œ�«�i�À�>�Ì�i���>�Ì���•�œ�Ü�i�À���•�i�Û�i�•�Ã���œ�v��
�«�œ�Ü�i�À���œ�Õ�Ì�«�Õ�Ì���­�“�ˆ�˜�ˆ�“�Õ�“���Ã�Ì�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜�®�]���>�˜�`���>�V�…�ˆ�i�Û�i���v�>�Ã�Ì�i�À���V�…�>�˜�}�i�Ã���ˆ�˜���œ�Õ�Ì�«�Õ�Ì�°��

Cross-border interconnection �����˜�Ì�i�À�V�œ�˜�˜�i�V�Ì�œ�À�Ã���Ì�œ���œ�Ì�…�i�À���Ã�Þ�Ã�Ì�i�“�Ã���Ü�…�ˆ�V�…���i�˜�>�L�•�i���•�>�À�}�i�‡�Ã�V�>�•�i���Ã�…�>�À�ˆ�˜�}���œ�v���i�˜�i�À�}�Þ�]��
�>�˜�V�ˆ�•�•�>�À�Þ���Ã�i�À�Û�ˆ�V�i���>�˜�`���L�>�V�Ž�‡�Õ�«���À�i�Ã�œ�Õ�À�V�i�Ã�°�����œ�Ü�i�Û�i�À�]���Ì�…�i���Ã�œ�Õ�À�V�i���œ�v���“�>�À�}�ˆ�˜�>�•���}�i�˜�i�À�>�Ì�ˆ�œ�˜���v�À�œ�“���œ�Ì�…�i�À���V�œ�Õ�˜�Ì�À�ˆ�i�Ã��
�˜�i�i�`�Ã���Ì�œ���L�i���V�œ�˜�Ã�ˆ�`�i�À�i�`�]���>�Ã���Ü�i�•�•���>�Ã���V�œ�˜�Ì�ˆ�˜�i�˜�Ì�>�•���>�Û�>�ˆ�•�>�L�ˆ�•�ˆ�Ì�Þ���œ�v���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜�°

Suitable coordination of such 
technologies has the potential 
to support system balancing 
in a future with an increased 
penetration of renewable 
generation and therefore 
to reduce the curtailment 
of renewable generation 
�C�P�F���V�J�G���G�H�‚�E�K�G�P�E�[���N�Q�U�U�G�U���Q�H��
conventional generation, as 
well as limit peak demand 
levels and therefore avoid 
capital intensive investments 
in under-utilised generation 
and network assets. More 
�U�R�G�E�K�‚�E�C�N�N�[�����C�U���F�K�U�E�W�U�U�G�F�� 
earlier, the potential value 
�U�V�T�G�C�O�U���Q�H���U�W�E�J���ƒ�G�Z�K�D�K�N�K�V�[��
technologies are:

�U�� ���‚�Û�œ�ˆ�`�>�˜�V�i���œ�v���i�˜�i�À�}�Þ��
curtailment from low-
�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ã�œ�Õ�À�V�i�Ã��
�L�Þ���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}���`�i�“�>�˜�`��
�`�Õ�À�ˆ�˜�}���«�i�À�ˆ�œ�`�Ã���œ�v���>�L�Õ�˜�`�>�˜�Ì��
�À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜

�U�� ���
�v�w�V�ˆ�i�˜�Ì���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���œ�«�i�À�>�Ì�ˆ�˜�}��
�À�i�Ã�i�À�Û�i���>�˜�`���À�i�Ã�«�œ�˜�Ã�i���Ã�i�À�Û�ˆ�V�i�Ã�]��
�À�i�`�Õ�V�ˆ�˜�}���Ì�…�i���œ�«�i�À�>�Ì�ˆ�˜�}���V�œ�Ã�Ì�Ã��
�>�Ã�Ã�œ�V�ˆ�>�Ì�i�`���Ü�ˆ�Ì�…���Ž�i�i�«�ˆ�˜�}��
under-utilised conventional 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�˜���Ì�…�i���Ã�Þ�Ã�Ì�i�“

�U�� ���*�œ�Ì�i�˜�Ì�ˆ�>�•���Ã�>�Û�ˆ�˜�}�Ã���ˆ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�V�>�«�>�V�ˆ�Ì�Þ���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì�Ã�]��
�ˆ�˜�V�•�Õ�`�ˆ�˜�}���>���À�i�`�Õ�V�i�`���˜�i�i�`��
for low-carbon capacity 
�­�À�i�`�Õ�V�Ì�ˆ�œ�˜�Ã���ˆ�˜���i�˜�i�À�}�Þ��
curtailment will result in 

 

   
increased utilisation hence 
lower capacity of renewable 
�>�˜�`���˜�Õ�V�•�i�>�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ì�œ��
meet the decarbonisation 
�Ì�>�À�}�i�Ì�Ã�®�]���>���À�i�`�Õ�V�i�`���˜�i�i�`��
�v�œ�À���«�i�>�Ž�ˆ�˜�}���«�•�>�˜�Ì���V�>�«�>�V�ˆ�Ì�Þ��
(as a result of demand peak 
�À�i�`�Õ�V�Ì�ˆ�œ�˜�Ã�®�]���>�˜�`���>���À�i�`�Õ�V�i�`��
�˜�i�i�`���v�œ�À���y�i�Ý�ˆ�L�•�i�]���L�>�V�Ž�‡�Õ�«��
�V�>�«�>�V�ˆ�Ì�Þ���­�>�Ã���Ã�Õ�V�…���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
capacity can be replaced by 
�Ì�…�i�Ã�i���y�i�Ý�ˆ�L�•�i���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���ˆ�˜��
�Ì�…�i���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���L�>�•�>�˜�V�ˆ�˜�}���>�˜�`��
�>�˜�V�ˆ�•�•�>�À�Þ���Ã�i�À�Û�ˆ�V�i�Ã�®

•  Deferral or avoidance of the 
network reinforcements / 
�i�Ý�«�>�˜�Ã�ˆ�œ�˜�Ã�]���L�Þ���`�i�«�•�œ�Þ�ˆ�˜�}��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ì�œ���“�>�˜�>�}�i���˜�i�Ì�Ü�œ�À�Ž��
constraints. 

�����������6�J�G���P�G�G�F���H�Q�T���U�[�U�V�G�O���ƒ�G�Z�K�D�K�N�K�V�[
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�(�K�I�W�T�G�����������5�[�U�V�G�O���N�G�X�G�N���D�G�P�G�‚�V�U���Q�H���ƒ�G�Z�K�D�N�G���V�G�E�J�P�Q�N�Q�I�K�G�U��

���˜���œ�Ì�…�i�À���Ü�œ�À�`�Ã�]���ˆ�˜�Ì�i�•�•�ˆ�}�i�˜�Ì���V�œ�œ�À�`�ˆ�˜�>�Ì�ˆ�œ�˜���œ�v���Ã�Õ�V�…���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�œ�Õ�À�V�i�Ã���ˆ�˜���L�œ�Ì�…���œ�«�i�À�>�Ì�ˆ�œ�˜���>�˜�`���«�•�>�˜�˜�ˆ�˜�}���Ì�ˆ�“�i�Ã�V�>�•�i�Ã��
can reverse the trend of asset utilisation reduction and enable a more cost-effective transition to the 
�•�œ�Ü�‡�V�>�À�L�œ�˜���v�Õ�Ì�Õ�À�i�°���/�…�i���Ã�ˆ�â�i���œ�v���Ì�…�i���>�L�œ�Û�i���Ã�Þ�Ã�Ì�i�“���Ü�ˆ�`�i���L�i�˜�i�w�Ì�Ã���v�œ�À���y�i�Ý�ˆ�L�•�i���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���ˆ�˜���Ì�…�i���1�����ˆ�Ã���Û�i�À�Þ��
�Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���‡���L�i�Ì�Ü�i�i�˜���Ë�Î�°�Ó�L�˜���>�˜�`���Ë�{�°�Ç�L�˜�É�Þ�i�>�À���ˆ�˜���>���Ã�Þ�Ã�Ì�i�“���“�i�i�Ì�ˆ�˜�}���>���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã���Ì�>�À�}�i�Ì���œ�v���£�ä�ä�}���
�"2/
�Ž�7�…���ˆ�˜���Ó�ä�Î�ä�°�����œ�À�i�œ�Û�i�À�]���>���“�œ�À�i���>�“�L�ˆ�Ì�ˆ�œ�Õ�Ã���V�>�À�L�œ�˜���À�i�`�Õ�V�Ì�ˆ�œ�˜���Ì�>�À�}�i�Ì���­�x�ä�}���
�"2�É�Ž�7�…�®���Ü�œ�Õ�•�`���Ã�i�i���>���v�Õ�À�Ì�…�i�À��
�ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���Ì�…�i���Û�>�•�Õ�i���œ�v���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���­�Õ�«���Ì�œ���Ë�Ç�°�n�L�˜�É�Þ�i�>�À�®���>�Ã���Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ü�œ�Õ�•�`���˜�i�i�`���Ì�œ���>�V�V�œ�“�“�œ�`�>�Ì�i���“�œ�À�i���•�œ�Ü�‡
�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜���
�U�G�G���(�K�I�W�T�G��������. It can be observed that �V�J�G���O�Q�U�V���U�K�I�P�K�‚�E�C�P�V���X�C�N�W�G���U�V�T�G�C�O���Q�H���ƒ�G�Z�K�D�N�G��
technologies, especially as the UK moves towards more ambitious carbon targets, is the avoidance of 
investments in low-carbon generation capacity.
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The decarbonisation of the domestic heat sector constitutes one of the core 
components of the UK low-carbon energy future, since heating currently accounts 
for nearly half of the total energy consumption and one-third of the greenhouse gas 
emissions in the UK, and around 50% of the emissions from heating are associated 
with space heating and hot water in domestic buildings. 

One pathway for decarbonising 
the heat sector would involve 
the hybridisation of gas and 
electricity. �����˜���Ì�…�ˆ�Ã���V�œ�˜�Ì�i�Ý�Ì�]��
the Freedom Project has 
�`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`���Ì�…�>�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã�]���V�œ�“�L�ˆ�˜�ˆ�˜�}���>���`�œ�“�i�Ã�Ì�ˆ�V��
�}�>�Ã���L�œ�ˆ�•�i�À���Ü�ˆ�Ì�…���>�˜���‚���-�*���>�˜�`��
�Ì�…�Õ�Ã���i�Ý�…�ˆ�L�ˆ�Ì�ˆ�˜�}���> 'dual-fuel' 
capability, can meet the carbon 
targets, yet with considerable 
economic savings with respect 
to a standalone ASHP pathway. 

�‚�V�V�œ�À�`�ˆ�˜�}���Ì�œ���Ì�…�i���À�i�Ã�Õ�•�Ì�Ã���œ�v���Ì�…�i��
system studies carried out as part 
�œ�v���Ì�…�i�����À�i�i�`�œ�“���*�À�œ�•�i�V�Ì�]���Ì�…�i���˜�i�Ì��
�L�i�˜�i�w�Ì�Ã���­�ˆ�˜���Ì�i�À�“�Ã���œ�v���Ì�œ�Ì�>�•���Ã�Þ�Ã�Ì�i�“��
�V�œ�Ã�Ì�Ã�®���œ�v���Ã�“�>�À�Ì���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�œ�“�«�>�À�i�`���Ì�œ���Ì�…�i��
standalone ASHP case are £4.9bn 
and £9.3bn/year. 

�/�…�i���“�œ�Ã�Ì���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���«�œ�À�Ì�ˆ�œ�˜���œ�v��
�Ì�…�i�Ã�i���L�i�˜�i�w�Ì�Ã���>�À�i���>�Ã�Ã�œ�V�ˆ�>�Ì�i�`���Ü�ˆ�Ì�…��
�Ã�>�Û�ˆ�˜�}�Ã���ˆ�˜���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜��
�˜�i�Ì�Ü�œ�À�Ž���>�˜�`���«�i�>�Ž�ˆ�˜�}���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì���V�œ�Ã�Ì�]���}�ˆ�Û�i�˜���Ì�…�>�Ì���Ì�…�i��
�¿�`�Õ�>�•�‡�v�Õ�i�•�¿���V�>�«�>�L�ˆ�•�ˆ�Ì�Þ���V�>�˜���L�i��
�i�Ý�«�•�œ�ˆ�Ì�i�`���`�Õ�À�ˆ�˜�}���«�i�>�Ž���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
demand conditions (where 
�…�i�>�Ì�ˆ�˜�}���Ü�ˆ�•�•���L�i���«�À�œ�Û�ˆ�`�i�`���Ì�…�À�œ�Õ�}�…��
�Ì�…�i���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜���œ�v���}�>�Ã�®���À�i�•�ˆ�i�Û�ˆ�˜�}��
the electricity system stress.

8.4  Decarbonisation of  
UK domestic heating
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In a future with an increased penetration of variable renewable generation and 
�K�P�ƒ�G�Z�K�D�N�G���P�W�E�N�G�C�T���I�G�P�G�T�C�V�K�Q�P�����Q�V�J�G�T���E�Q�P�X�G�P�V�K�Q�P�C�N���I�G�P�G�T�C�V�K�Q�P���W�P�K�V�U���
�U�W�E�J���C�U���I�C�U��
generators) will be producing much less electricity, as absorption of the low-cost  
and CO 2-free production of renewable and nuclear generators will be prioritised  
in the merit order. 

���œ�Ü�i�Û�i�À�]���}�ˆ�Û�i�˜���Ì�…�>�Ì���À�i�˜�i�Ü�>�L�•�i��
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�Ã���Û�>�À�ˆ�>�L�•�i���>�˜�`��
�ˆ�˜�Ì�i�À�“�ˆ�Ì�Ì�i�˜�Ì�]���>�˜�`���˜�Õ�V�•�i�>�À��
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�Ã���…�ˆ�}�…�•�Þ���ˆ�˜�y�i�Ý�ˆ�L�•�i�]��
�œ�Ì�…�i�À���V�œ�˜�Û�i�˜�Ì�ˆ�œ�˜�>�•���}�i�˜�i�À�>�Ì�œ�À�Ã��
would need to remain 
synchronised in the system and 
operate part-loaded as a back-up 
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�œ�Õ�À�V�i���­�i�°�}�°���œ�«�i�À�>�Ì�ˆ�˜�}��
in periods of low wind speed 
�œ�À���•�œ�Ü���Ã�Õ�˜�Ã�…�ˆ�˜�i�®���>�˜�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ��
provider (since renewable and 
�˜�Õ�V�•�i�>�À���}�i�˜�i�À�>�Ì�œ�À�Ã���˜�œ�Ì���œ�˜�•�Þ��
have very limited capabilities 
�Ì�œ���«�À�œ�Û�ˆ�`�i���Ã�Þ�Ã�Ì�i�“���L�>�•�>�˜�V�ˆ�˜�}��
�Ã�i�À�Û�ˆ�V�i�Ã�]���L�Õ�Ì���Ì�…�i�Þ���>�À�i���>�•�Ã�œ��
�“�>�Ž�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���L�>�•�>�˜�V�ˆ�˜�}��
�“�œ�À�i���V�…�>�•�•�i�˜�}�ˆ�˜�}�®�°���/�…�ˆ�Ã���Õ�˜�`�i�À�‡
utilisation of conventional 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�Ã�Ã�i�Ì�Ã���ˆ�“�«�•�ˆ�i�Ã���Ì�…�>�Ì���Ì�…�i��
�V�œ�Ã�Ì���i�v�w�V�ˆ�i�˜�V�Þ���œ�v���Ì�…�i�ˆ�À���œ�«�i�À�>�Ì�ˆ�œ�˜��
�Ü�ˆ�•�•���À�i�`�Õ�V�i�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]���Ì�…�i�ˆ�À��
�V�œ�Ã�Ì���i�v�w�V�ˆ�i�˜�V�Þ���Ü�ˆ�•�•���L�i���>�}�}�À�>�Û�>�Ì�i�`��
by the increase in start-up and 
�Ã�…�Õ�Ì�‡�`�œ�Ü�˜���V�Þ�V�•�i�Ã�]���`�À�ˆ�Û�i�˜���L�Þ���Ì�…�i��
system variability and power 
�À�>�“�«�ˆ�˜�}���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã�°

���Õ�À�Ì�…�i�À�“�œ�À�i�]���Ì�…�i�À�i���Ü�ˆ�•�•���L�i��
an increased requirement for 
frequency response to deal with 
sudden loss of supply to the 
�Ã�Þ�Ã�Ì�i�“���­�i�°�}�°���>�Ã���>���À�i�Ã�Õ�•�Ì���œ�v���> 
�v�>�ˆ�•�Õ�À�i���œ�v���>���•�>�À�}�i���}�i�˜�i�À�>�Ì�œ�À���É 
interconnector or a rapid 
�V�…�>�˜�}�i���ˆ�˜���`�i�“�>�˜�`���œ�À���À�i�˜�i�Ü�>�L�•�i��
�}�i�˜�i�À�>�Ì�ˆ�œ�˜�®���ˆ�˜���œ�À�`�i�À���Ì�œ���Ž�i�i�«��
the system frequency within its 
�Ã�Ì�>�Ì�Õ�Ì�œ�À�Þ���•�ˆ�“�ˆ�Ì�Ã�]���ˆ�˜���Ì�…�i���Ã�Þ�Ã�Ì�i�“��
�Ü�ˆ�Ì�…���À�i�`�Õ�V�i�`���ˆ�˜�i�À�Ì�ˆ�>�°���/�œ���`�>�Ì�i�]���Ì�…�i��
frequency response service can 
only be provided by synchronised 
conventional plants which need 
to operate part-loaded and 
produce at least at the minimum 
�Ã�Ì�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���•�i�Û�i�•���­���-���®�°��
This reduces the ability of the 
system to absorb electricity 
production from renewables or 
�œ�Ì�…�i�À���•�œ�Ü�‡�V�>�À�L�œ�˜���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�°��
�/�…�ˆ�Ã���“�i�>�˜�Ã���Ì�…�>�Ì���`�Õ�i���Ì�œ���L�>�•�>�˜�V�ˆ�˜�}��
�V�…�>�•�•�i�˜�}�i�Ã�]���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�>�Ã�Ã�i�Ì�Ã���Ü�ˆ�Ì�…���…�ˆ�}�…���V�>�«�ˆ�Ì�>�•���V�œ�Ã�Ì�Ã���>�À�i��
also under-utilised and thus may 
not achieve their CO 2 emissions 
reduction potential.

The trials carried out by 
PassivSystems within the 
Freedom Project have 
demonstrated that the hybrid 
heating technology can offer 
�X�G�T�[���U�K�I�P�K�‚�E�C�P�V���ƒ�G�Z�K�D�K�N�K�V�[��
through advanced smart 
control schemes, without 
affecting consumers’ comfort 
levels. �/�…�i�À�i�v�œ�À�i�]���L�i�Þ�œ�˜�`���Ì�…�i��
�Ã�>�Û�ˆ�˜�}�Ã���L�À�œ�Õ�}�…�Ì���L�Þ���Ì�…�i���¿�`�Õ�>�•�‡�v�Õ�i�•�¿��
�V�>�«�>�L�ˆ�•�ˆ�Ì�Þ���œ�v���…�Þ�L�À�ˆ�`�Ã�]���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•��
�Ã�>�Û�ˆ�˜�}�Ã���V�>�˜���L�i���>�V�…�ˆ�i�Û�i�`���Ì�…�À�œ�Õ�}�…��
�Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•���Ã�Ì�À�>�Ì�i�}�ˆ�i�Ã���Ì�…�À�œ�Õ�}�…��
�«�À�i�…�i�>�Ì�ˆ�˜�}���>�˜�`���`�i�•�ˆ�Û�i�À�Þ���œ�v��
�…�ˆ�}�…�i�À���œ�«�i�À�>�Ì�ˆ�œ�˜�>�•���i�v�w�V�ˆ�i�˜�V�Þ���œ�v��
�Ì�…�i���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“�°�����Õ�À�Ì�…�i�À�“�œ�À�i�]��
substantial value streams of such 
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ�]���Ü�…�ˆ�V�…���ˆ�Ã���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ��
�ˆ�˜�V�À�i�>�Ã�i�`���Ü�…�i�˜���Ì�…�i���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì��
�L�i�V�œ�“�i�Ã���Ã�Ì�À�ˆ�V�Ì�i�À�]���ˆ�Ã���>�Ã�Ã�œ�V�ˆ�>�Ì�i�`��
with reductions in investments in 
�•�œ�Ü�‡�V�>�À�L�œ�˜���­�ˆ�˜�V�•�Õ�`�ˆ�˜�}���À�i�˜�i�Ü�>�L�•�i�Ã��
�>�˜�`���˜�Õ�V�•�i�>�À�®���}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�«�>�V�ˆ�Ì�Þ�°��
�/�…�ˆ�Ã���ˆ�Ã���`�À�ˆ�Û�i�˜���L�Þ���Ì�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���œ�v��
the hybrid systems to provide 
�Ã�Þ�Ã�Ì�i�“���L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���>�˜�`��
therefore increase the utilisation 
�œ�v���>�Û�>�ˆ�•�>�L�•�i���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�œ�À�Ã��
�>�˜�`���“�i�i�Ì�ˆ�˜�}���Ì�…�i���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�Ã��
cost effectively.

�����������4�Q�N�G���Q�H���ƒ�G�Z�K�D�K�N�K�V�[���K�P���H�C�E�K�N�K�V�C�V�K�P�I��
cost-effective transition to a  
low-carbon energy future
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�+�P���V�J�G���F�G�T�G�I�W�N�C�V�G�F���G�P�X�K�T�Q�P�O�G�P�V�����V�J�G���T�G�C�N�K�U�C�V�K�Q�P���Q�H���V�J�G���U�[�U�V�G�O���D�G�P�G�‚�V�U���Q�H���J�[�D�T�K�F��
�J�G�C�V�K�P�I���C�P�F���V�J�G�K�T���ƒ�G�Z�K�D�K�N�K�V�[���T�G�S�W�K�T�G�U���C���U�W�K�V�C�D�N�G���G�P�G�T�I�[���O�C�T�M�G�V���F�G�U�K�I�P���C�P�F���T�G�I�W�N�C�V�Q�T�[��
structure that captures their multiple value streams, and aligns the cost savings /  
revenues of those who adopt a hybrid system in the different markets (energy, 
�D�C�N�C�P�E�K�P�I���C�P�F���E�C�R�C�E�K�V�[�����Y�K�V�J���V�J�G���T�G�U�R�G�E�V�K�X�G���U�[�U�V�G�O���D�G�P�G�‚�V�U���E�T�G�C�V�G�F�����5�K�I�P�K�‚�E�C�P�V��
efforts towards this direction have been recently observed in the UK setting, 
initiating major debates regarding the transition to a fundamentally new market 
design; however, there are still certain issues that need to be addressed:

8.6  Need for new market and 
regulatory framework
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Capturing the whole-
�U�[�U�V�G�O���D�G�P�G�‚�V�U���Q�H���J�[�D�T�K�F��
heating systems 

�/�…�i���V�Õ�À�À�i�˜�Ì���“�>�À�Ž�i�Ì���`�i�Ã�ˆ�}�˜��
philosophy has mainly focused 
�œ�˜���Ì�…�i���Ì�À�>�`�ˆ�˜�}���>�À�À�>�˜�}�i�“�i�˜�Ì�Ã���v�œ�À��
�i�˜�i�À�}�Þ���>�Ã���>���L�>�Ã�ˆ�V���V�œ�“�“�œ�`�ˆ�Ì�Þ�]��
�Ü�…�ˆ�•�i���Ã�Õ�ˆ�Ì�>�L�•�i���Ì�À�>�`�ˆ�˜�}��
�>�À�À�>�˜�}�i�“�i�˜�Ì�Ã���v�œ�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�˜�`��
capacity services are still under 
�`�i�Û�i�•�œ�«�“�i�˜�Ì�°���/�…�i���i�˜�Û�ˆ�Ã�>�}�i�`��
decarbonisation of the electricity 
system will lead to a very 
�Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���À�i�`�Õ�V�Ì�ˆ�œ�˜���œ�v���Ì�…�i��
electricity production costs (due 
�Ì�œ���Ì�…�i���•�œ�Ü���œ�À���â�i�À�œ���«�À�œ�`�Õ�V�Ì�ˆ�œ�˜��
costs of renewables and nuclear 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜�®���>�V�V�œ�“�«�>�˜�ˆ�i�`���L�Þ���>��
massive increase of the costs of 
�L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���­�`�Õ�i���Ì�œ���Ì�…�i��
inherent variability of renewable 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���Ì�…�i���ˆ�˜�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ��
�œ�v���˜�Õ�V�•�i�>�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜�®���>�˜�`��
new investments (due to the 
�˜�i�i�`���v�œ�À���˜�i�Ü���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`��
network assets to support system 
�L�>�•�>�˜�V�ˆ�˜�}���>�˜�`���Ì�…�i���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}��
�`�i�“�>�˜�`���«�i�>�Ž�Ã�®�°���/�…�ˆ�Ã���“�i�>�˜�Ã���Ì�…�>�Ì��
�>���˜�i�Ü���“�>�À�Ž�i�Ì���`�i�Ã�ˆ�}�˜���ˆ�Ã���À�i�µ�Õ�ˆ�À�i�`��
�>�V�À�œ�Ã�Ã���“�Õ�•�Ì�ˆ�«�•�i���Ì�ˆ�“�i�Ã�V�>�•�i�Ã�]��
�À�>�˜�}�ˆ�˜�}���v�À�œ�“���V�>�«�>�V�ˆ�Ì�Þ���“�>�À�Ž�i�Ì�Ã��
�Ü�ˆ�Ì�…���>���…�œ�À�ˆ�â�œ�˜���œ�v���“�Õ�•�Ì�ˆ�«�•�i���Þ�i�>�À�Ã��
�Ì�œ���L�>�•�>�˜�V�ˆ�˜�}���“�>�À�Ž�i�Ì�Ã���œ�«�i�À�>�Ì�ˆ�˜�}��
�Û�i�À�Þ���V�•�œ�Ã�i���Ì�œ���À�i�>�•�‡�Ì�ˆ�“�i�]���ˆ�˜���œ�À�`�i�À���Ì�œ��
�À�i�V�œ�}�˜�ˆ�Ã�i���Ì�…�i���v�Õ�•�•���Ã�Þ�Ã�Ì�i�“���Û�>�•�Õ�i���œ�v��
�Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}�°

Avoiding constraints on 
market participants 

The limits imposed by market 
�À�Õ�•�i�Ã���À�i�}�>�À�`�ˆ�˜�}���Ì�…�i���“�ˆ�˜�ˆ�“�Õ�“��
�Ã�ˆ�â�i���>�˜�`���Ì�…�i���“�ˆ�˜�ˆ�“�Õ�“���Ì�i�“�«�œ�À�>�•��
availability of participants in 
�i�˜�i�À�}�Þ�]���L�>�•�>�˜�V�ˆ�˜�}���>�˜�`���V�>�«�>�V�ˆ�Ì�Þ��
markets may prevent distributed 
�v�œ�À�“�Ã���œ�v���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ�]���Ã�Õ�V�…���>�Ã��
�…�Þ�L�À�ˆ�`�Ã�]���Ì�œ���>�V�V�i�Ã�Ã���Û�>�•�Õ�i���Ã�Ì�À�i�>�“�Ã��
�ˆ�˜���V�i�À�Ì�>�ˆ�˜���“�>�À�Ž�i�Ì�Ã�°���‚�•�Ì�…�œ�Õ�}�…���Ì�…�i��
�Ã�ˆ�â�i���V�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì���V�>�˜���L�i���L�Þ�«�>�Ã�Ã�i�`��
�Ì�…�À�œ�Õ�}�…���Ì�…�i���>�}�}�À�i�}�>�Ì�ˆ�œ�˜��
�œ�v���“�Õ�•�Ì�ˆ�«�•�i���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“�Ã�]��
�ˆ�˜�`�i�«�i�˜�`�i�˜�Ì���>�}�}�À�i�}�>�Ì�œ�À�Ã���ˆ�˜��
the UK need to rely on third 
�«�>�À�Ì�ˆ�i�Ã���Ì�œ���>�V�V�i�Ã�Ã���Ì�…�i���L�>�•�>�˜�V�ˆ�˜�}��
mechanism as they do not have 
�>���`�i�w�˜�i�`���À�œ�•�i���ˆ�˜���Ì�…�i���	�>�•�>�˜�V�ˆ�˜�}��
�>�˜�`���-�i�Ì�Ì�•�i�“�i�˜�Ì���
�œ�`�i���­�	�-�
�®�]��
�Ü�…�ˆ�V�…���`�ˆ�Ã�V�œ�Õ�À�>�}�i�Ã���Ã�“�>�•�•�‡�Ã�V�>�•�i��
�>�}�}�À�i�}�>�Ì�œ�À�Ã���v�À�œ�“���>�V�V�i�Ã�Ã�ˆ�˜�}��
�Û�>�•�Õ�i���ˆ�˜���Ì�…�i���“�>�À�Ž�i�Ì�Ã�°�����ˆ�˜�>�•�•�Þ�]���Ì�…�i��
�V�Õ�À�À�i�˜�Ì���“�>�À�Ž�i�Ì���`�i�Ã�ˆ�}�˜���Ã�i�Ì�Ã���V�i�À�Ì�>�ˆ�˜��
�À�i�Ã�Ì�À�ˆ�V�Ì�ˆ�Û�i���V�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì�Ã���À�i�}�>�À�`�ˆ�˜�}��
the simultaneous participation 
�ˆ�˜���“�Õ�•�Ì�ˆ�«�•�i���“�>�À�Ž�i�Ì���Ã�i�}�“�i�˜�Ì�Ã�]��
�>�•�Ì�…�œ�Õ�}�…���Ì�…�i�Ã�i���Ã�i�}�“�i�˜�Ì�Ã��
remunerate different valuable 
services.

Recognising the time-
�U�R�G�E�K�‚�E���X�C�N�W�G���Q�H���U�G�T�X�K�E�G�U��

�/�…�i���•�>�À�}�i�Ã�Ì���«�À�œ�«�œ�À�Ì�ˆ�œ�˜���œ�v��
�L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���ˆ�Ã���V�Õ�À�À�i�˜�Ì�•�Þ��
contracted by system operators 
�Ü�ˆ�Ì�…���«�À�ˆ�V�i�Ã���L�i�ˆ�˜�}���`�i�Ì�i�À�“�ˆ�˜�i�`��
based on their own cost 
�«�À�œ�•�i�V�Ì�ˆ�œ�˜�Ã���>�˜�`���L�i�ˆ�˜�}���w�Ý�i�`���œ�Û�i�À��
�>���•�œ�˜�}���Ì�i�“�«�œ�À�>�•���ˆ�˜�Ì�i�À�Û�>�•���­�“�œ�˜�Ì�…�Ã��
�œ�À���i�Û�i�˜���Þ�i�>�À�Ã���>�…�i�>�`�®�°�����œ�Ü�i�Û�i�À�]��
�Ì�…�i���i�V�œ�˜�œ�“�ˆ�V���Û�>�•�Õ�i���œ�v���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ��
�Ã�i�À�Û�ˆ�V�i�Ã�]���Ã�Õ�V�…���>�Ã���v�À�i�µ�Õ�i�˜�V�Þ��
�À�i�Ã�«�œ�˜�Ã�i�]���`�i�«�i�˜�`�Ã���“�>�Ã�Ã�ˆ�Û�i�•�Þ��
�œ�˜���Ã�Þ�Ã�Ì�i�“���V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã���­�i�°�}�°��
�`�i�“�>�˜�`���•�i�Û�i�•�]���À�i�˜�i�Ü�>�L�•�i���œ�Õ�Ì�«�Õ�Ì�]��
�Ã�Þ�Ã�Ì�i�“���ˆ�˜�i�À�Ì�ˆ�>�®���Ì�…�>�Ì���V�…�>�˜�}�i���ˆ�˜��
much faster timescales. This 
�ˆ�˜�i�v�w�V�ˆ�i�˜�V�Þ���V�>�˜���À�i�Ã�Õ�•�Ì���ˆ�˜���>���À�ˆ�Ã�Ž���œ�v��
over or under-procurement of 
services and a lack of availability 
�œ�v���y�i�Ý�ˆ�L�•�i���À�i�Ã�œ�Õ�À�V�i�Ã���v�œ�À���œ�Ì�…�i�À��
�Ã�i�À�Û�ˆ�V�i�Ã�]���Ü�ˆ�Ì�…���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���V�œ�Ã�Ì��
�ˆ�“�«�•�ˆ�V�>�Ì�ˆ�œ�˜�Ã�°���/�…�i�À�i�v�œ�À�i�]���Ì�…�i�Ã�i��
services should be procured 
�œ�Û�i�À���Ã�…�œ�À�Ì�i�À���Ì�ˆ�“�i�v�À�>�“�i�Ã���Ì�>�Ž�ˆ�˜�}��
account of their mutual trade-
�œ�v�v���>�˜�`���Ì�…�Õ�Ã���“�œ�À�i���i�v�w�V�ˆ�i�˜�Ì�•�Þ��
�À�i�y�i�V�Ì���Ì�…�i���Ì�i�“�«�œ�À�>�•���Û�>�À�ˆ�>�Ì�ˆ�œ�˜��
in their value in the system. 
���œ�À�i���`�Þ�˜�>�“�ˆ�V���«�À�ˆ�V�i���Ã�ˆ�}�˜�>�•�Ã���V�>�˜��
potentially incentivise availability 
�œ�v���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���L�Þ���…�Þ�L�À�ˆ�`�Ã���`�Õ�À�ˆ�˜�}��
periods when it is most needed 
by the system. As a move 
�Ì�œ�Ü�>�À�`�Ã���Ì�…�i���À�ˆ�}�…�Ì���`�ˆ�À�i�V�Ì�ˆ�œ�˜�]��
�"�v�}�i�“���…�>�Ã���À�i�V�i�˜�Ì�•�Þ���>�˜�˜�œ�Õ�˜�V�i�`��
its plans and a timetable on 
�“�œ�Û�ˆ�˜�}���Ì�œ���“�>�˜�`�>�Ì�i�`���…�>�•�v�‡�…�œ�Õ�À�•�Þ��
settlement to sharpen short-term 
�Ã�ˆ�}�˜�>�•�Ã���ˆ�˜���œ�À�`�i�À���Ì�œ���L�i�Ì�Ì�i�À���À�i�y�i�V�Ì��
the cost to the system and enable 
�˜�i�Ü���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ì�œ���À�i�>�•�ˆ�Ã�i���“�œ�À�i��
value and suppliers to develop 
innovative dynamic  
�À�i�Ì�>�ˆ�•���œ�v�v�i�À�ˆ�˜�}�Ã�°
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Recognising the time-
coupling operational 
characteristics of ASHPs 
and smart hybrid heating 
systems in market design 

�‚�-���*�Ã���>�˜�`���œ�Ì�…�i�À���`�i�“�>�˜�`���y�i�Ý�ˆ�L�•�i��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���“�>�Þ���i�Ý�…�ˆ�L�ˆ�Ì���`�ˆ�Ã�Ì�ˆ�˜�V�Ì��
operational characteristics that 
are fundamentally different from 
the respective characteristics of 
�Ì�À�>�`�ˆ�Ì�ˆ�œ�˜�>�•���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�]���}�ˆ�Û�i�˜��
the need for load recovery. 
�/�…�i�Ã�i���V�œ�“�«�•�i�Ý�]���Ì�ˆ�“�i�‡�V�œ�Õ�«�•�ˆ�˜�}��
�œ�«�i�À�>�Ì�ˆ�˜�}���«�À�œ�«�i�À�Ì�ˆ�i�Ã���V�œ�Õ�«�•�i���Ì�…�i��
requirements for provision of 
�L�>�•�>�˜�V�ˆ�˜�}���Ã�i�À�Û�ˆ�V�i�Ã���>�V�À�œ�Ã�Ã���`�ˆ�v�v�i�À�i�˜�Ì��
timescales and therefore should 
�L�i���ˆ�˜�V�•�Õ�`�i�`���ˆ�˜���Ì�…�i���“�>�À�Ž�i�Ì���`�i�Ã�ˆ�}�˜�°��
���˜���œ�Ì�…�i�À���Ü�œ�À�`�Ã�]���Ì�…�i���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�Ì���>���«�>�À�Ì�ˆ�V�Õ�•�>�À���Ì�ˆ�“�i�v�À�>�“�i��
creates additional demand for 
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�Ì���œ�Ì�…�i�À���Ì�ˆ�“�i�Ã���`�Õ�i���Ì�œ��
�Ì�…�i���>�L�œ�Û�i���Ì�ˆ�“�i�‡�V�œ�Õ�«�•�ˆ�˜�}���i�v�v�i�V�Ì�Ã�°��
���v���Ì�…�i�Ã�i���«�À�œ�«�i�À�Ì�ˆ�i�Ã���>�À�i���˜�i�}�•�i�V�Ì�i�`��
�ˆ�˜���i�˜�i�À�}�Þ���>�˜�`���L�>�•�>�˜�V�ˆ�˜�}��
�“�>�À�Ž�i�Ì���Ã�i�}�“�i�˜�Ì�Ã�]���ˆ�Ì���L�i�V�œ�“�i�Ã��
obvious that the outcome of 
these markets may not be cost-
�À�i�y�i�V�Ì�ˆ�Û�i�°�����˜���Ì�…�ˆ�Ã���V�œ�˜�Ì�i�Ý�Ì�]���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ü�œ�Õ�•�`���…�>�Û�i���>��
�•�>�À�}�i�À���Û�>�•�Õ�i���Ì�…�>�˜���œ�Ì�…�i�À���y�i�Ý�ˆ�L�•�i��
�`�i�“�>�˜�`���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ü�…�i�˜��
�`�i�•�ˆ�Û�i�À�ˆ�˜�}���>�˜�V�ˆ�•�•�>�À�Þ���Ã�i�À�Û�ˆ�V�i�Ã�] 
due to the availability of 
dual-fuel supply. 

Recognising the location-
�U�R�G�E�K�‚�E���X�C�N�W�G���Q�H���U�G�T�X�K�E�G�U��

The locational element of  
�i�˜�i�À�}�Þ�]���L�>�•�>�˜�V�ˆ�˜�}���>�˜�`���V�>�«�>�V�ˆ�Ì�Þ��
�Ã�i�À�Û�ˆ�V�i�Ã���L�i�V�œ�“�i�Ã���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}�•�Þ��
�ˆ�“�«�œ�À�Ì�>�˜�Ì�]���Ã�ˆ�˜�V�i���`�ˆ�v�v�i�À�i�˜�Ì���>�À�i�>�Ã��
�>�˜�`���À�i�}�ˆ�œ�˜�Ã���>�À�i���V�…�>�À�>�V�Ì�i�À�ˆ�Ã�i�`���L�Þ��
�Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���`�ˆ�v�v�i�À�i�˜�Ì���}�i�˜�i�À�>�Ì�ˆ�œ�˜���É�� 
demand conditions (especially 
�`�Õ�i���Ì�œ���Ì�…�i���•�œ�V�>�Ì�ˆ�œ�˜�‡�Ã�«�i�V�ˆ�w�V��
availability of distributed low-
�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜���À�i�Ã�œ�Õ�À�V�i�Ã�®��
and many parts of the electricity 
transmission and distribution 
�˜�i�Ì�Ü�œ�À�Ž�Ã���L�i�V�œ�“�i���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}�•�Þ��
�V�œ�˜�}�i�Ã�Ì�i�`�°���/�…�i�À�i�v�œ�À�i�]���>��
�˜�i�i�`���i�“�i�À�}�i�Ã���Ì�œ���V�>�«�Ì�Õ�À�i���Ì�…�ˆ�Ã��
�•�œ�V�>�Ì�ˆ�œ�˜�‡�Ã�«�i�V�ˆ�w�V���Û�>�•�Õ�i���ˆ�˜���˜�i�Ü��
�“�>�À�Ž�i�Ì���>�À�À�>�˜�}�i�“�i�˜�Ì�Ã�]���Ì�…�À�œ�Õ�}�…��
the introduction of locational 
�“�>�À�}�ˆ�˜�>�•���«�À�ˆ�V�ˆ�˜�}���>�˜�`���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã�°��
Potential for locational emissions 
�v�œ�À���}�>�Ã���“�>�Þ���>�•�Ã�œ���˜�i�i�`���>�`�`�À�i�Ã�Ã�ˆ�˜�}��
for areas to be rewarded 
�v�œ�À���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�i�`���}�À�i�i�˜���}�>�Ã��
�V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã���Ì�œ���Ì�…�i���•�œ�V�>�•���}�>�Ã���}�À�ˆ�`�°��
���Õ�À�Ì�…�i�À�“�œ�À�i�]���Ì�…�i���•�œ�V�>�Ì�ˆ�œ�˜�‡�Ã�«�i�V�ˆ�w�V��
part of the electricity Transmission 
� �i�Ì�Ü�œ�À�Ž���1�Ã�i���œ�v���-�Þ�Ã�Ì�i�“���­�/� �1�œ�-�®��
�V�…�>�À�}�i�Ã���>�˜�`���Ì�…�i����� �1�œ�-���˜�i�i�`�Ã���Ì�œ��
be enhanced in order to properly 
�>�•�•�œ�V�>�Ì�i���˜�i�Ì�Ü�œ�À�Ž���V�…�>�À�}�i�Ã���Ì�œ��
�«�>�À�Ì�ˆ�i�Ã���À�i�Ã�«�œ�˜�Ã�ˆ�L�•�i���v�œ�À���ˆ�˜�V�Õ�À�À�ˆ�˜�}��
network reinforcements. This 
implies that the reinforcement 
�`�i�v�i�À�À�>�•���É���>�Û�œ�ˆ�`�>�˜�V�i���L�i�˜�i�w�Ì�Ã���Ì�…�>�Ì��
�V�>�˜���L�i���L�À�œ�Õ�}�…�Ì���L�Þ���Ì�…�i���Õ�«�Ì�>�Ž�i��
of hybrids will be remunerated 
�Ã�Õ�v�w�V�ˆ�i�˜�Ì�•�Þ���Ì�…�À�œ�Õ�}�…���À�i�`�Õ�V�i�`��
�˜�i�Ì�Ü�œ�À�Ž���V�…�>�À�}�i�Ã�°

�+�P�V�T�Q�F�W�E�K�P�I���G�H�‚�E�K�G�P�V���C�P�F��
transparent capacity 
remuneration mechanisms 

�‚�•�Ì�…�œ�Õ�}�…���Ì�…�i���“�œ�Ã�Ì���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì��
�i�V�œ�˜�œ�“�ˆ�V���L�i�˜�i�w�Ì�Ã���œ�v���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���>�À�i���>�Ã�Ã�œ�V�ˆ�>�Ì�i�`��
with avoided investments in 
�˜�i�Ü���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
�˜�i�Ì�Ü�œ�À�Ž���V�>�«�>�V�ˆ�Ì�Þ�]���Ì�…�ˆ�Ã���Û�>�•�Õ�i��
stream is not properly 
remunerated in the current 
�“�>�À�Ž�i�Ì���v�À�>�“�i�Ü�œ�À�Ž�°���
�œ�˜�V�i�À�˜�ˆ�˜�}��
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�>�«�>�V�ˆ�Ì�Þ�]���>�•�Ì�…�œ�Õ�}�…��
a Capacity Market has been 
recently introduced in the 
�1���]���`�i�“�>�˜�`���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���>�À�i��
still not able to participate 
�œ�˜���>���•�i�Û�i�•���«�•�>�Þ�ˆ�˜�}���w�i�•�`���Ü�ˆ�Ì�…��
�Ì�À�>�`�ˆ�Ì�ˆ�œ�˜�>�•�]���•�>�À�}�i�‡�Ã�V�>�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�°���‚�Ì���Ì�…�i���˜�i�Ì�Ü�œ�À�Ž��
�•�i�Û�i�•�]���Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���V�>�«�>�V�ˆ�Ì�Þ��
�«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���˜�i�Ü���y�i�Ý�ˆ�L�•�i��
�`�i�“�>�˜�`���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�]���>�Ã���Ü�i�•�•��
�>�Ã���Ì�…�i�ˆ�À���•�œ�V�>�Ì�ˆ�œ�˜�‡�Ã�«�i�V�ˆ�w�V���Û�>�•�Õ�i�]��
�ˆ�Ã���˜�i�}�•�i�V�Ì�i�`���ˆ�˜���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���˜�i�Ì�Ü�œ�À�Ž��
�Ã�Ì�>�˜�`�>�À�`�Ã�°���7�ˆ�Ì�…���Ì�…�i���i�“�i�À�}�i�˜�V�i���œ�v��
cost-effective non-build solutions 
�Ã�Õ�V�…���>�Ã���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}�]��
�>�˜���Õ�«�`�>�Ì�i���œ�v���Ì�…�i�Ã�i���«�•�>�˜�˜�ˆ�˜�}��
and operational standards is 
needed to establish a level 
�«�•�>�Þ�ˆ�˜�}���w�i�•�`���L�i�Ì�Ü�i�i�˜���Ì�À�>�`�ˆ�Ì�ˆ�œ�˜�>�•��
network infrastructure and 
�i�“�i�À�}�ˆ�˜�}���y�i�Ý�ˆ�L�•�i���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�°��
�‚�Ã���>���“�œ�Û�i���Ì�œ�Ü�>�À�`�Ã���Ì�…�i���À�ˆ�}�…�Ì��
�`�ˆ�À�i�V�Ì�ˆ�œ�˜�]���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜��
network companies have recently 
initiated a fundamental review of 
�
�˜�}�ˆ�˜�i�i�À�ˆ�˜�}���,�i�V�œ�“�“�i�˜�`�>�Ì�ˆ�œ�˜��
�
�,���*�Ó�]���Ü�…�ˆ�V�…���…�>�Ã���>�V�Ì�i�`���>�Ã���Ì�…�i��
�v�œ�Õ�˜�`�>�Ì�ˆ�œ�˜���Ã�Ì�œ�˜�i���v�œ�À���Ì�…�i���«�•�>�˜�˜�ˆ�˜�}��
of future distribution networks 
and this has been supported 
�L�Þ���"�v�}�i�“�°
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Introducing new 
mechanisms for 
remunerating  
avoided investments in 
low-carbon generation 

The Freedom Project has 
demonstrated a value stream 
�œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ì�…�>�Ì���…�>�Ã���L�i�i�˜���}�À�i�>�Ì�•�Þ��
�˜�i�}�•�i�V�Ì�i�`�]���˜�>�“�i�•�Þ���ˆ�Ì�Ã���>�L�ˆ�•�ˆ�Ì�Þ���Ì�œ��
�À�i�`�Õ�V�i���•�œ�Ü�‡�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜��
capacity investments without 
�V�œ�“�«�À�œ�“�ˆ�Ã�ˆ�˜�}���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�Ã�°��
���œ�Ü�i�Û�i�À�]���Ã�Õ�ˆ�Ì�>�L�•�i���À�i�“�Õ�˜�i�À�>�Ì�ˆ�œ�˜��
mechanisms for this value 
�Ã�Ì�À�i�>�“���`�œ���˜�œ�Ì���i�Ý�ˆ�Ã�Ì���ˆ�˜���Ì�…�i���1����
or beyond. Such mechanisms 
�Ã�…�œ�Õ�•�`���L�i���Õ�À�}�i�˜�Ì�•�Þ���`�i�Û�i�•�œ�«�i�`�]��
�i�ˆ�Ì�…�i�À���L�Þ���>�•�•�œ�Ü�ˆ�˜�}���˜�i�Ü���y�i�Ý�ˆ�L�•�i��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ã�Õ�V�…���>�Ã���Ì�…�i�Ã�i���…�Þ�L�À�ˆ�`��
systems to access revenues 
associated with Contracts for 
���ˆ�v�v�i�À�i�˜�V�i�Ã���­�
�v���®���œ�v�v�i�À�i�`���Ì�œ 
�•�œ�Ü�‡�V�>�À�L�œ�˜���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`�É�œ�À 
�L�Þ���•�ˆ�˜�Ž�ˆ�˜�}���Ì�…�i���V�>�«�>�V�ˆ�Ì�Þ���“�>�À�Ž�i�Ì��
�Ü�ˆ�Ì�…���Ì�…�i���•�œ�Ü�‡�V�>�À�L�œ�˜���>�}�i�˜�`�>��
�­�Ã�i�Ì�Ì�ˆ�˜�}���Ã�«�i�V�ˆ�w�V���À�Õ�•�i�Ã���œ�˜���Ì�…�i 
types of capacity rewarded in the 
�V�>�«�>�V�ˆ�Ì�Þ���“�>�À�Ž�i�Ì�®�°��

Enhanced Electricity TSO-DNO coordination 

���œ�“�i�Ã�Ì�ˆ�V���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã��
can offer valuable services both 
to the local DNO but also to the 
�/�-�"�°�����œ�Ü�i�Û�i�À�]���Ì�…�i���V�œ�œ�À�`�ˆ�˜�>�Ì�ˆ�œ�˜��
of these services entails potential 
�V�œ�˜�y�ˆ�V�Ì�Ã���L�i�Ì�Ü�i�i�˜���Ì�…�i���/�-�"��
�>�˜�`���Ì�…�i����� �"���­�i�°�}�°���«�i�À�ˆ�œ�`�Ã���œ�v��
�>�L�Õ�˜�`�>�˜�Ì���Ü�ˆ�˜�`���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�Ì���Ì�…�i��
�˜�>�Ì�ˆ�œ�˜�>�•���Ã�Þ�Ã�Ì�i�“���•�i�Û�i�•���V�œ�ˆ�˜�V�ˆ�`�ˆ�˜�}��
with periods of local peak 
�`�i�“�>�˜�`���>�Ì���Ì�…�i���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���•�i�Û�i�•�®�°��
���˜���Ì�…�i���V�Õ�À�À�i�˜�Ì���v�À�>�“�i�Ü�œ�À�Ž�]���Ì�…�i��
TSO and the DNOs have limited 
coordination at both operational 
�>�˜�`���«�•�>�˜�˜�ˆ�˜�}���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã�]���ˆ�“�«�•�Þ�ˆ�˜�}��
�Ì�…�>�Ì���Ã�Õ�V�…���V�œ�˜�y�ˆ�V�Ì�Ã���V�>�˜�˜�œ�Ì���L�i��
�«�À�œ�«�i�À�•�Þ���“�>�˜�>�}�i�`���>�˜�`���L�>�•�>�˜�V�i�`�°��
�/�…�ˆ�Ã���V�Õ�À�À�i�˜�Ì���¿�Ã�ˆ�•�œ�¿���>�«�«�À�œ�>�V�…���v�œ�À��
�Ì�…�i���œ�«�i�À�>�Ì�ˆ�œ�˜���>�˜�`���«�•�>�˜�˜�ˆ�˜�}��
practices of the TSO and the 
DNOs should be replaced by 
�>���¿�…�œ�•�ˆ�Ã�Ì�ˆ�V�»���>�«�«�À�œ�>�V�…���Ü�…�ˆ�V�…���Ü�ˆ�•�•��
�i�˜�>�L�•�i���Ã�Ì�À�œ�˜�}�i�À���V�œ�œ�À�`�ˆ�˜�>�Ì�ˆ�œ�˜��
between national and local 
�œ�L�•�i�V�Ì�ˆ�Û�i�Ã���>�˜�`���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã�]��
�“�>�Ý�ˆ�“�ˆ�Ã�ˆ�˜�}���Ì�…�i���i�V�œ�˜�œ�“�ˆ�V���Û�>�•�Õ�i��
of hybrids for the whole electricity 
�Ã�Þ�Ã�Ì�i�“�°�����˜���œ�À�`�i�À���Ì�œ���>�V�…�ˆ�i�Û�i���Ì�…�>�Ì�]���ˆ�Ì��
�Ü�ˆ�•�•���L�i���V�À�ˆ�Ì�ˆ�V�>�•���Ì�œ���i�Ã�Ì�>�L�•�ˆ�Ã�…���Ã�Ì�À�œ�˜�}��
coordination and communication 

between electricity distribution 
and transmission network 
�œ�«�i�À�>�Ì�œ�À�Ã���>�˜�`���V�•�i�>�À�•�Þ���`�i�w�˜�i���Ì�…�i�ˆ�À��
future roles and responsibilities. 
���Õ�À�Ì�…�i�À�“�œ�À�i�]���>�˜���>�«�«�À�œ�«�À�ˆ�>�Ì�i��
�À�i�}�Õ�•�>�Ì�œ�À�Þ���v�À�>�“�i�Ü�œ�À�Ž���>�À�œ�Õ�˜�`��
�Ì�…�i���i�Ý�V�…�>�˜�}�i���œ�v���ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜��
and data between them should 
be established and proper 
economic incentives to support 
this communication should be 
�`�i�Ã�ˆ�}�˜�i�`�°���‚�Ã���>���“�œ�Û�i���Ì�œ�Ü�>�À�`�Ã��
�Ì�…�i���À�ˆ�}�…�Ì���`�ˆ�À�i�V�Ì�ˆ�œ�˜�]���Ì�…�i���
�˜�i�À�}�Þ��
� �i�Ì�Ü�œ�À�Ž�Ã���‚�Ã�Ã�œ�V�ˆ�>�Ì�ˆ�œ�˜���­�
� �‚�®��
has initiated a Transmission and 
���ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜�����˜�Ì�i�À�v�>�V�i���-�Ì�i�i�À�ˆ�˜�}��
���À�œ�Õ�«�]���>�ˆ�“�i�`���>�Ì���«�À�œ�Û�ˆ�`�ˆ�˜�}��
�Ã�Ì�À�>�Ì�i�}�ˆ�V���`�ˆ�À�i�V�Ì�ˆ�œ�˜�Ã���ˆ�`�i�˜�Ì�ˆ�v�Þ�ˆ�˜�}��
potential issues around the 
coordination between electricity 
transmission and distribution 
�•�i�Û�i�•�Ã�°�����˜���>�`�`�ˆ�Ì�ˆ�œ�˜�]���Ì�…�i�À�i���Ü�œ�Õ�•�`��
�>�•�Ã�œ���L�i���V�œ�˜�Ã�ˆ�`�i�À�>�L�•�i���L�i�˜�i�w�Ì���v�À�œ�“��
�}�À�i�>�Ì�i�À���V�œ�œ�À�`�ˆ�˜�>�Ì�ˆ�œ�˜���>�V�À�œ�Ã�Ã���>�•�•��
�i�˜�i�À�}�Þ���˜�i�Ì�Ü�œ�À�Ž�Ã���­�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`��
�}�>�Ã���Ì�À�>�˜�Ã�“�ˆ�Ã�Ã�ˆ�œ�˜�]���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���>�˜�`��
�Ã�Þ�Ã�Ì�i�“���œ�«�i�À�>�Ì�ˆ�œ�˜�®�°

Factoring and addressing uncertainty in long-term planning 

���ˆ�Ã�Ì�œ�À�ˆ�V�>�•�•�Þ�]���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���˜�i�Ì�Ü�œ�À�Ž���•�œ�˜�}�‡�Ì�i�À�“���«�•�>�˜�˜�ˆ�˜�}���…�>�Ã���ˆ�˜�Û�œ�•�Û�i�`���•�ˆ�Ì�Ì�•�i���Õ�˜�V�i�À�Ì�>�ˆ�˜�Ì�Þ���À�i�}�>�À�`�ˆ�˜�}���v�Õ�Ì�Õ�À�i��
�`�i�Û�i�•�œ�«�“�i�˜�Ì�Ã���>�˜�`���…�>�Ã���L�i�i�˜���V�>�À�À�ˆ�i�`���œ�Õ�Ì���Ì�…�À�œ�Õ�}�…���`�i�Ì�i�À�“�ˆ�˜�ˆ�Ã�Ì�ˆ�V���>�«�«�À�œ�>�V�…�i�Ã�°���/�…�ˆ�Ã���•�>�˜�`�Ã�V�>�«�i���ˆ�Ã���V�…�>�˜�}�ˆ�˜�}��
�`�Õ�i���Ì�œ���«�À�œ�v�œ�Õ�˜�`���Õ�˜�V�i�À�Ì�>�ˆ�˜�Ì�ˆ�i�Ã���>�À�œ�Õ�˜�`���Ì�…�i���>�“�œ�Õ�˜�Ì�]���Ì�ˆ�“�ˆ�˜�}���>�˜�`���•�œ�V�>�Ì�ˆ�œ�˜���œ�v���˜�i�Ü���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���`�i�“�>�˜�`��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���ˆ�˜���Ì�…�i���Ã�Þ�Ã�Ì�i�“�]���Ã�ˆ�˜�V�i���Ì�…�i�Ã�i���`�i�«�i�˜�`���œ�˜���˜�œ�Ì���i�>�Ã�ˆ�•�Þ���«�À�i�`�ˆ�V�Ì�>�L�•�i���v�>�V�Ì�œ�À�Ã���Ã�Õ�V�…���>�Ã���Ì�i�V�…�˜�œ�•�œ�}�ˆ�V�>�•��
�`�i�Û�i�•�œ�«�“�i�˜�Ì�Ã�]���“�>�À�Ž�i�Ì���`�Þ�˜�>�“�ˆ�V�Ã�]���À�i�}�Õ�•�>�Ì�œ�À�Þ���v�À�>�“�i�Ü�œ�À�Ž�Ã�]���i�˜�i�À�}�Þ���«�œ�•�ˆ�V�ˆ�i�Ã���>�˜�`���V�œ�˜�Ã�Õ�“�i�À���>�V�V�i�«�Ì�>�˜�V�i�°��
�/�…�i�Ã�i���Õ�˜�V�i�À�Ì�>�ˆ�˜�Ì�ˆ�i�Ã���Ü�ˆ�•�•���«�À�i�Û�i�˜�Ì���«�•�>�˜�˜�i�À�Ã���v�À�œ�“���“�>�Ž�ˆ�˜�}���v�Õ�•�•�Þ���ˆ�˜�v�œ�À�“�i�`���`�i�V�ˆ�Ã�ˆ�œ�˜�Ã�]���Ã�…�œ�Õ�•�`���Ì�…�i�Þ���V�œ�˜�Ì�ˆ�˜�Õ�i���Ì�œ��
�À�i�•�Þ���œ�˜���`�i�Ì�i�À�“�ˆ�˜�ˆ�Ã�Ì�ˆ�V���>�«�«�À�œ�>�V�…�i�Ã�]���Ü�ˆ�Ì�…���˜�œ�˜�‡�Ì�À�ˆ�Û�ˆ�>�•���V�œ�Ã�Ì���ˆ�“�«�•�ˆ�V�>�Ì�ˆ�œ�˜�Ã���ˆ�˜�Û�œ�•�Û�ˆ�˜�}���ˆ�˜�i�v�w�V�ˆ�i�˜�Ì���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì�Ã���>�˜�`��
�Ã�Ì�À�>�˜�`�i�`���>�Ã�Ã�i�Ì�Ã�°���/�…�i�À�i�v�œ�À�i�]���>�•�Ì�i�À�˜�>�Ì�ˆ�Û�i���>�˜�>�•�Þ�Ì�ˆ�V�>�•���“�i�Ì�…�œ�`�œ�•�œ�}�ˆ�i�Ã���v�>�V�Ì�œ�À�ˆ�˜�}���Ì�…�i�Ã�i���Õ�˜�V�i�À�Ì�>�ˆ�˜�Ì�ˆ�i�Ã���ˆ�˜���«�•�>�˜�˜�ˆ�˜�}��
�«�À�>�V�Ì�ˆ�V�i�Ã���˜�i�i�`���Ì�œ���L�i���>�`�œ�«�Ì�i�`�]���ˆ�˜�V�•�Õ�`�ˆ�˜�}���Ã�Ì�œ�V�…�>�Ã�Ì�ˆ�V�]���À�ˆ�Ã�Ž�‡�V�œ�˜�Ã�Ì�À�>�ˆ�˜�i�`���>�˜�`���À�œ�L�Õ�Ã�Ì���œ�«�Ì�ˆ�“�ˆ�Ã�>�Ì�ˆ�œ�˜���>�«�«�À�œ�>�V�…�i�Ã�°��
�	�Þ���i�“�«�•�œ�Þ�ˆ�˜�}���Ã�Õ�V�…���>�«�«�À�œ�>�V�…�i�Ã�]���˜�i�Ü���y�i�Ý�ˆ�L�•�i���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ã�Õ�V�…���>�Ã���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�>�˜���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i��
�Ì�œ���`�i�>�•�ˆ�˜�}���Ü�ˆ�Ì�…���Ì�…�i���>�L�œ�Û�i���Õ�˜�V�i�À�Ì�>�ˆ�˜�Ì�ˆ�i�Ã���ˆ�˜���>���“�œ�À�i���V�œ�Ã�Ì�‡�i�v�v�i�V�Ì�ˆ�Û�i���v�>�Ã�…�ˆ�œ�˜�]���>�Ã���Ì�…�i�Þ���V�>�˜���`�i�v�i�À���V�œ�“�“�ˆ�Ì�“�i�˜�Ì���Ì�œ��
capital-intensive conventional reinforcement projects until the need for such investment is fully established.
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8 .   M A R K E T,  R E G U L AT O R Y  A N D  P O L I C Y  R E C O M M E N D AT I O N S

9.  The gas network 
in an integrated 
energy system 
by Wales & West 
Utilities 

�6�J�G���G�P�G�T�I�[���U�G�E�V�Q�T���K�U���I�Q�K�P�I���V�J�T�Q�W�I�J���U�K�I�P�K�‚�E�C�P�V���E�J�C�P�I�G���C�U���K�V���C�F�C�R�V�U���V�Q���V�J�G���V�T�K�N�G�O�O�C��
challenges of affordability, security of supply and carbon reduction. Against this 
background, much research is taking place around future energy scenarios.

�7�ˆ�Ì�…���À�i�Ã�«�i�V�Ì���Ì�œ���…�i�>�Ì�]��the 
cost and practicality of full 
�G�N�G�E�V�T�K�‚�E�C�V�K�Q�P���C�T�G���D�G�K�P�I��
extensively challenged,  
particularly around electricity 
network capacity and seasonal 
�Ã�Ì�œ�À�>�}�i�]���Ü�ˆ�Ì�…���>�˜�>�•�Þ�Ã�ˆ�Ã���>�˜�`��
evidence recently published  
 �™�]���£�ä�]���£�£�]���£�Ó. The UK needs to look 
to diverse decarbonisation 
pathways and consider the role 
of hydrogen, biogases, heat 
�P�G�V�Y�Q�T�M�U�����G�N�G�E�V�T�K�‚�E�C�V�K�Q�P���C�P�F���C��
hybrid of these in combination.

The whole energy system is already becoming more integrated 
and greener, with a shift change in the interaction between the 
electricity and gas networks:

•  Over 50% of generation ���V�œ�“�ˆ�˜�}���v�À�œ�“���}�>�Ã���`�Õ�À�ˆ�˜�}���•�œ�Ü���À�i�˜�i�Ü�>�L�•�i��
�«�i�À�ˆ�œ�`�Ã���­�œ�Û�i�À���È�ä�¯���>�Ì���«�i�>�Ž���Ì�ˆ�“�i�Ã�®

•  New peaking power generation ���À�i�Ã�«�œ�˜�`�ˆ�˜�}���Ì�œ���ˆ�˜�Ì�i�À�“�ˆ�Ì�Ì�i�˜�V�Þ���œ�v��
renewables

•  Combined Heat and Power (CHP) ���>�˜�`���•�œ�Ü���V�>�À�L�œ�˜���i�˜�i�À�}�Þ���V�i�˜�Ì�À�i�Ã

•  Gas and electric vehicle growth.

�‚�Ã���Ì�…�i���˜�i�Ì�Ü�œ�À�Ž�Ã���V�œ�˜�Ì�ˆ�˜�Õ�i���Ì�œ���ˆ�˜�Ì�i�}�À�>�Ì�i�]���Û�>�À�ˆ�>�Ì�ˆ�œ�˜���œ�v���`�i�“�>�˜�`���>�˜�`�� 
supply on the electricity network will have immediate impacts on  
�Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�°

9.1  Introduction to an integrated  
whole-energy system

9�����n�4�G�X�K�G�Y���Q�H���$�K�Q�G�P�G�T�I�[���2�Q�V�G�P�V�K�C�N�����6�G�E�J�P�K�E�C�N���4�G�R�Q�T�V�o���H�Q�T���%�C�F�G�P�V���)�C�U�����5�G�R�V�G�O�D�G�T����������
10�����n�*�������.�G�G�F�U���%�K�V�[���)�C�V�G�o�����0�Q�T�V�J�G�T�P���)�C�U���0�G�V�Y�Q�T�M�U�����9�C�N�G�U�������9�G�U�V���7�V�K�N�K�V�K�G�U�����-�K�Y�C���)�C�U�V�G�E���C�P�F���#�O�G�E���(�Q�U�V�G�T���9�J�G�G�N�G�T�����&�G�E�G�O�D�G�T������������
11�����n�����������'�P�G�T�I�[���2�C�V�J�‚�P�F�G�T���s���5�J�Q�T�V���2�C�R�G�T�o�����9�C�N�G�U�������9�G�U�V���7�V�K�N�K�V�K�G�U�����(�G�D�T�W�C�T�[����������
12�����n�%�Q�P�U�W�O�G�T���9�K�N�N�K�P�I�P�G�U�U�������#�D�K�N�K�V�[���V�Q���2�C�[���H�Q�T���&�G�E�C�T�D�Q�P�K�U�G�F���*�G�C�V�o�����9�C�N�G�U�������9�G�U�V���7�V�K�N�K�V�K�G�U�����#�R�T�K�N���������� 
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National Grid Future 
Energy Scenarios (FES) 
recognises the view of 
Annual Demand in Wales 
& West Utilities’ Local 
Distribution Zones (LDZs). 

���œ�À���«�i�>�Ž���£�‡�ˆ�˜�‡�Ó�ä���`�i�“�>�˜�`�]���>��
bottom-up review of non-daily 
�“�i�Ì�i�À�i�`���>�˜�`���`�>�ˆ�•�Þ���“�i�Ì�i�À�i�`���•�œ�>�`�Ã�]��
�«�œ�Ü�i�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�˜�`���Ã�…�À�ˆ�˜�Ž�>�}�i��
has led to the development 
of peak forecasts in the Wales 
�E���7�i�Ã�Ì���1�Ì�ˆ�•�ˆ�Ì�ˆ�i�Ã���À�i�}�ˆ�œ�˜�°���/�…�i�Ã�i��
�v�œ�À�i�V�>�Ã�Ì�Ã���…�>�Û�i���À�i�“�>�ˆ�˜�i�`���y�>�Ì��
for a number of years but due 
�Ì�œ���}�À�œ�Ü�Ì�…���ˆ�˜���`�œ�“�i�Ã�Ì�ˆ�V���`�i�“�>�˜�`��
�>�˜�`���«�œ�Ü�i�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜�]���Ì�…�i�À�i��
�ˆ�Ã���>�˜���i�“�i�À�}�ˆ�˜�}���Õ�«�Ì�Õ�À�˜���ˆ�˜���«�i�>�Ž��
demands for all LDZs in the 
network���
�U�G�G���(�K�I�W�T�G��������. The peak 
1-in-20 demand forecast in 

the Wales & West Utilities 
network is now projected to 
increase by 3.9% by 2022/23, 
largely as a result of increasing 
demand from power generation 
and new housing. Combined 
heat and power plants and heat 
networks could result in further 
increases in peak demand.  

���˜���Ã�Õ�“�“�>�À�Þ�]���Ì�…�i���À�i�•�>�Ì�ˆ�œ�˜�Ã�…�ˆ�«��
between peak and annual 
�`�i�“�>�˜�`�Ã���ˆ�Ã���L�i�V�œ�“�ˆ�˜�}��
�ˆ�˜�V�À�i�>�Ã�ˆ�˜�}�•�Þ���Ü�i�>�Ž���Ü�ˆ�Ì�…���«�i�>�Ž��
�`�i�“�>�˜�`���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}���>�˜�`���>�˜�˜�Õ�>�•��
�`�i�“�>�˜�`���À�i�“�>�ˆ�˜�ˆ�˜�}���y�>�Ì�� 
�œ�À���À�i�`�Õ�V�ˆ�˜�}�°

9.2 Gas demand in the region
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�(�K�I�W�T�G�����������#�E�V�W�C�N���R�G�C�M���F�G�O�C�P�F���Q�P���V�J�G���9�C�N�G�U�������9�G�U�V���7�V�K�N�K�V�K�G�U���5�Q�W�V�J���9�G�U�V���Q�H���'�P�I�N�C�P�F���.�&�<��

�U�K�P�E�G�������������������Y�K�V�J���C���T�G���H�Q�T�G�E�C�U�V���H�Q�T�������������������C�P�F���D�G�[�Q�P�F

Gas is vital in ensuring  
a reliable and secure UK 
electricity supply with gas 
generation peaking plants 
supporting the growth 
of renewable generation 
by being available to 
maintain power supplies 
when intermittent low 
carbon sources are 
unavailable. 

���˜���Ì�…�i���V�Õ�À�À�i�˜�Ì���}�>�Ã���À�i�}�Õ�•�>�Ì�œ�À�Þ���«�À�ˆ�V�i��
�V�œ�˜�Ì�À�œ�•���«�i�À�ˆ�œ�`���­�,�����"�‡�����£�]���Ã�Ì�>�À�Ì�ˆ�˜�}��
�£���‚�«�À�ˆ�•���Ó�ä�£�Î�®�]��Wales & West 
�7�V�K�N�K�V�K�G�U���J�C�U���U�G�G�P���U�K�I�P�K�‚�E�C�P�V��
change in this area. The total 
connected power generation 
has increased from ~1,200 MW 
output to ~1,700 MW output 
following the connection of 
�C�P���C�F�F�K�V�K�Q�P�C�N���������U�O�C�N�N���ƒ�G�Z�K�D�N�G��
generation sites in RIIO-GD1, 
which brings the total number 

of power generation sites 
connected to the Wales & West 
Utilities network to 33.  Sites 
already connected are shown  
in Figure 60�]���>�•�œ�˜�}���Ü�ˆ�Ì�…��
connection requests accepted 
and anticipated connection 
requests as a result of recent  
T1 and T4 capacity auctions.

9.3  Power generation connecting  
to the gas distribution network

�(�K�I�W�T�G�����������)�C�U���‚�T�G�F���R�Q�Y�G�T���U�V�C�V�K�Q�P�U���C�P�F���Q�W�V�R�W�V���E�C�R�C�E�K�V�[���C�P�F���R�T�Q�L�G�E�V�K�Q�P���Q�P���V�J�G���9�C�N�G�U�������9�G�U�V���7�V�K�N�K�V�K�G�U���P�G�V�Y�Q�T�M

�‚�Ì���Ì�…�i���Ã�>�“�i���Ì�ˆ�“�i�]���Ì�…�i���L�i�…�>�Û�ˆ�œ�Õ�À���œ�v���Ì�…�i�Ã�i���«�i�>�Ž�ˆ�˜�}���«�•�>�˜�Ì�Ã���>�˜�`���•�i�}�>�V�Þ���}�i�˜�i�À�>�Ì�ˆ�œ�˜���V�Õ�Ã�Ì�œ�“�i�À�Ã���…�>�Ã��
�V�…�>�˜�}�i�`���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ�°�����>�Ã���}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�Ã���˜�œ���•�œ�˜�}�i�À���L�>�Ã�i���•�œ�>�`�]���À�>�Ì�…�i�À���ˆ�Ì���ˆ�Ã���L�i�ˆ�˜�}���Õ�Ã�i�`���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}�•�Þ���Ì�œ��
�L�>�•�>�˜�V�i���Ì�…�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���>�Û�>�ˆ�•�>�L�•�i���Ì�œ���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���˜�i�Ì�Ü�œ�À�Ž�Ã�]���L�i�ˆ�˜�}���Õ�Ã�i�`���•�i�Ã�Ã���Ü�…�i�˜���˜�i�Ü���À�i�˜�i�Ü�>�L�•�i��
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ã�Õ�V�…���>�Ã���Ã�œ�•�>�À���>�˜�`���Ü�ˆ�˜�`���>�À�i���>�Û�>�ˆ�•�>�L�•�i�]���>�˜�`���Ì�…�i�˜���L�i�ˆ�˜�}���À�i�•�ˆ�i�`���Õ�«�œ�˜���Ì�œ���“�>�ˆ�˜�Ì�>�ˆ�˜���Ã�Õ�«�«�•�Þ���>�Ì��
other times.

�/�…�i���ˆ�“�«�>�V�Ì���œ�v���Ì�…�ˆ�Ã���V�…�>�˜�}�ˆ�˜�}���L�i�…�>�Û�ˆ�œ�Õ�À���œ�˜���7�>�•�i�Ã���E���7�i�Ã�Ì���1�Ì�ˆ�•�ˆ�Ì�ˆ�i�Ã�½���}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž���ˆ�Ã���L�i�ˆ�˜�}��
�“�œ�˜�ˆ�Ì�œ�À�i�`���V�•�œ�Ã�i�•�Þ�]���>�˜�`���ˆ�Ã���V�•�i�>�À�•�Þ���Û�ˆ�Ã�ˆ�L�•�i���ˆ�˜��Figure 61���Ã�…�œ�Ü�ˆ�˜�}���1�����V�œ�“�L�ˆ�˜�i�`���V�Þ�V�•�i���}�>�Ã���Ì�Õ�À�L�ˆ�˜�i���­�
�
���/�®��
output in 2011/12 and 2017/18.
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�/�…�i���ˆ�˜�V�À�i�>�Ã�ˆ�˜�}�•�Þ���ˆ�˜�Ì�i�À�“�ˆ�Ì�Ì�i�˜�Ì���˜�>�Ì�Õ�À�i���œ�v���y�œ�Ü�Ã���œ�v���}�>�Ã���v�œ�À���«�œ�Ü�i�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜���…�>�Ã���>�˜���ˆ�“�«�>�V�Ì���œ�˜���Ì�…�i���Õ�Ã�i���œ�v��
�Ã�Ì�œ�À�>�}�i���ˆ�˜���Ì�…�i���}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�°���7�>�•�i�Ã���E���7�i�Ã�Ì���1�Ì�ˆ�•�ˆ�Ì�ˆ�i�Ã���…�>�Ã���À�i�Û�ˆ�i�Ü�i�`���ˆ�Ì�Ã���«�À�œ�V�i�Ã�Ã�i�Ã���>�˜�`���“�>�`�i���Ã�œ�“�i��
�V�…�>�˜�}�i�Ã���Ì�œ���v�>�V�ˆ�•�ˆ�Ì�>�Ì�i���Ì�…�ˆ�Ã���L�i�…�>�Û�ˆ�œ�Õ�À�°���/�…�i���ˆ�“�«�À�œ�Û�i�“�i�˜�Ì�Ã���>�˜�`���•�i�>�À�˜�ˆ�˜�}���…�>�Û�i���L�i�i�˜���ˆ�“�«�•�i�“�i�˜�Ì�i�`���ˆ�˜���Ì�…�i���•�>�Ã�Ì���v�i�Ü��
�Þ�i�>�À�Ã���>�˜�`���V�œ�˜�Ì�ˆ�˜�Õ�i���Ì�œ���L�i���>�«�«�•�ˆ�i�`�Æ���…�œ�Ü�i�Û�i�À�]��the continued increase in capacity of power generation from 
gas is forecast to require network investment in storage as the full capacity of the existing network 
�K�U���T�G�C�E�J�G�F�����6�J�G���K�O�R�N�G�O�G�P�V�C�V�K�Q�P���Q�H���U�O�C�T�V���J�[�D�T�K�F���J�G�C�V�K�P�I���Y�Q�W�N�F���C�X�Q�K�F���G�X�G�P���H�W�T�V�J�G�T���E�C�R�C�E�K�V�[���Q�H���ƒ�G�Z�K�D�N�G��
�I�C�U���‚�T�G�F���I�G�P�G�T�C�V�K�Q�P���T�G�S�W�K�T�K�P�I���C���E�Q�P�P�G�E�V�K�Q�P���V�Q���I�C�U���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M�U��

�(�K�I�W�T�G�����������7�-���%�%�)�6���J�Q�W�T�N�[���Q�W�V�R�W�V���
�����������������X�U������������������

9.4 Marginal carbon emissions

Currently existing 
electricity load (lights, 
white goods, sound 
and vision equipment 
etc) in the winter is met 
by generation with a 
typical mix made up of a 
baseload of nuclear, wind, 
gas and coal, with some 
appreciable input from 
interconnectors  
and biomass. 

As load is added in winter, coal 
generation sources are typically 
�U�V�T�G�V�E�J�G�F���V�Q���E�C�R�C�E�K�V�[���‚�T�U�V����
�v�œ�•�•�œ�Ü�i�`���L�Þ���œ�Ì�…�i�À���y�i�Ý�ˆ�L�•�i���Ã�œ�Õ�À�V�i�Ã��
�Ã�Õ�V�…���>�Ã���}�>�Ã���>�˜�`���Ã�œ�“�i���v�Õ�À�Ì�…�i�À��
interconnection and biomass. 
This behaviour is indicative of 
the response to new loads, 
such as heat pumps and electric 
vehicles, being added to power 
demand – new loads cannot be 
decarbonised until the existing 
load has been dealt with. ���-�œ�•�>�À�]��
�œ�v���V�œ�Õ�À�Ã�i�]���`�œ�i�Ã���˜�œ�Ì���v�i�>�Ì�Õ�À�i���ˆ�˜��
Figure 62���>�Ã���}�i�˜�i�À�>�Ì�ˆ�œ�˜���ˆ�˜���Ü�ˆ�˜�Ì�i�À��
�ˆ�Ã���˜�i�}�•�ˆ�}�ˆ�L�•�i�°

�(�K�I�W�T�G�����������+�N�N�W�U�V�T�C�V�K�Q�P���Q�H���I�G�P�G�T�C�V�K�Q�P���U�Q�W�T�E�G�U���O�G�G�V�K�P�I���E�W�T�T�G�P�V���R�Q�Y�G�T���F�G�O�C�P�F���C�P�F���C�F�F�G�F���N�Q�C�F�U
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9.5  Hybrids in a patchwork pathway 
for affordable, low carbon 
domestic heat

The increasing use of 
�I�C�U���H�Q�T���ƒ�G�Z�K�D�N�G���R�Q�Y�G�T��
generation, for transport, 
and in the case of power-
to-gas for managing 
electricity constraints 
mean that a multi-vector 
approach is essential. 
Deployment of any 
solution for domestic heat 
will depend on customer 
acceptance and key to 
consumers will be that any 
change is the least cost to 
give them warmth when 
they want it and that it 
has the least disruption 
associated with it. 

�1�Ã�ˆ�˜�}���Ì�…�i���Ó�ä�x�ä���
�˜�i�À�}�Þ���*�>�Ì�…�w�˜�`�i�À���“�œ�`�i�•�]���7�>�•�i�Ã���E���7�i�Ã�Ì���1�Ì�ˆ�•�ˆ�Ì�ˆ�i�Ã���…�>�Ã��
�Ì�>�Ž�i�˜���ˆ�˜�Ì�œ���>�V�V�œ�Õ�˜�Ì���>���V�œ�“�L�ˆ�˜�>�Ì�ˆ�œ�˜���œ�v���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���>�˜�`���Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã�] 
�Ü�…�ˆ�V�…���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���Ì�i�V�…�˜�œ�•�œ�}�Þ���ˆ�Ã���Ì�…�i���Ž�i�Þ���i�˜�>�L�•�i�À�°��

A plausible solution to decarbonise domestic heat, which makes 
the best use of existing utility infrastructure, is described and 
shown in �(�K�I�W�T�G��������  

���� �����
�œ�˜�Û�i�À�Ì���V�ˆ�Ì�ˆ�i�Ã���œ�À���Ì�…�i���˜�œ�À�Ì�…���œ�v���
�˜�}�•�>�˜�`���À�i�}�ˆ�œ�˜���Ì�œ���…�Þ�`�À�œ�}�i�˜���Ì�œ��
�`�i�V�>�À�L�œ�˜�ˆ�Ã�i���`�œ�“�i�Ã�Ì�ˆ�V���…�i�>�Ì���L�Þ���Î�ä�¯

�� �������˜���À�i�“�>�ˆ�˜�ˆ�˜�}���À�i�}�ˆ�œ�˜�Ã���œ�˜���>�˜�`���œ�v�v���Ì�…�i���}�>�Ã���}�À�ˆ�`�]���“�>�Ý�ˆ�“�ˆ�Ã�i���Ì�…�i��
�Õ�Ã�i���œ�v���`�œ�“�i�Ã�Ì�ˆ�V���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã���Ì�œ���`�i�V�>�À�L�œ�˜�ˆ�Ã�i��
�`�œ�“�i�Ã�Ì�ˆ�V���…�i�>�Ì���v�œ�À���Ì�…�i���À�i�“�>�ˆ�˜�ˆ�˜�}���Ç�ä�¯�]���Ü�…�ˆ�V�…���«�À�ˆ�œ�À�ˆ�Ì�ˆ�Ã�i�Ã��
�i�v�w�V�ˆ�i�˜�Ì�•�Þ���`�i�•�ˆ�Û�i�À�i�`���i�•�i�V�Ì�À�ˆ�w�i�`���…�i�>�Ì���Ì�…�À�œ�Õ�}�…���>�˜���>�ˆ�À���Ã�œ�Õ�À�V�i���…�i�>�Ì��
�«�Õ�“�«���v�œ�À���>�«�«�À�œ�Ý�ˆ�“�>�Ì�i�•�Þ���Ç�ä�¯���œ�v���…�Þ�L�À�ˆ�`���œ�«�i�À�>�Ì�ˆ�œ�˜���>�˜�`���v�>�•�•�ˆ�˜�}��
�L�>�V�Ž���Ì�œ���}�>�Ã���L�œ�ˆ�•�i�À�Ã���v�œ�À���À�i�“�>�ˆ�˜�ˆ�˜�}���…�i�>�Ì���`�i�“�>�˜�`�]���Õ�Ã�ˆ�˜�}�\

   Wind and other low carbon electricity sources when  
available

�� �� �����i�V�>�À�L�œ�˜�ˆ�Ã�i�`���}�>�Ã���­�L�ˆ�œ�“�i�Ì�…�>�˜�i�]���	�ˆ�œ�-� ���]���Ã�Þ�˜�Ì�…�i�Ã�ˆ�Ã���}�>�Ã�]��
�«�œ�Ì�i�˜�Ì�ˆ�>�•�•�Þ���	�ˆ�œ���*�����>�˜�`���L�•�i�˜�`�i�`���…�Þ�`�À�œ�}�i�˜���v�À�œ�“���V�œ�˜�Ã�Ì�À�>�ˆ�˜�i�`��
�«�œ�Ü�i�À�®���Ü�…�i�˜���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ã�œ�Õ�À�V�i�Ã���>�À�i���Õ�˜�>�Û�>�ˆ�•�>�L�•�i�� 
�v�œ�À���…�i�>�Ì�]���Ü�ˆ�Ì�…���Ã�œ�“�i���•�i�v�Ì���œ�Û�i�À���Ì�œ���Ã�Õ�«�«�œ�À�Ì���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v�� 
heavy transport.
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�«�>�Ì�…�Ü�>�Þ���Ì�œ���`�i�V�>�À�L�œ�˜�ˆ�Ã�i���…�i�>�Ì���ˆ�˜���Ì�…�i���À�i�V�i�˜�Ì�����“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i���À�i�«�œ�À�Ì���v�œ�À���Ì�…�i���1���
�
�
13�]���Ì�…�i���V�œ�“�L�ˆ�˜�>�Ì�ˆ�œ�˜���œ�v��
�Ã�œ�•�Õ�Ì�ˆ�œ�˜�Ã���À�i�}�ˆ�œ�˜�>�•�•�Þ���Ü�ˆ�Ì�…���…�Þ�`�À�œ�}�i�˜���>�˜�`���…�Þ�L�À�ˆ�`�Ã���Ü�>�Ã���ˆ�`�i�˜�Ì�ˆ�w�i�`���>�Ã���>�˜���i�Û�i�˜���•�œ�Ü�i�À���V�œ�Ã�Ì���>�«�«�À�œ�>�V�…���>�˜�`���ˆ�Ã���Ã�ˆ�“�ˆ�•�>�À��
�Ì�œ���Ì�…�i���7�>�•�i�Ã���E���7�i�Ã�Ì���1�Ì�ˆ�•�ˆ�Ì�ˆ�i�Ã���«�>�Ì�V�…�Ü�œ�À�Ž���«�>�Ì�…�Ü�>�Þ���œ�Õ�Ì�•�ˆ�˜�i�`���…�i�À�i�°
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Wind 49%

H2 30%

BioGas 16%

Other 5%

H2 blend 1%

2050 Domestic Heating Fuel Supply

17 Hydrogen Cities 30%

On-Gas & Off-Gas Smart Hybrids 70%

2050 Future of Domestic Heat Technology Approaches
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10.  Business  
models  
for hybrid 
heating  
systems 

10.1 Introduction

�6�J�G���(�T�G�G�F�Q�O���2�T�Q�L�G�E�V���J�C�U���R�T�Q�X�K�F�G�F���G�X�K�F�G�P�E�G���Q�P���V�J�G���T�Q�N�G���C�P�F���X�C�N�W�G���Q�H���ƒ�G�Z�K�D�K�N�K�V�[��
�V�J�C�V���T�G�U�K�F�G�P�V�K�C�N���E�Q�P�U�W�O�G�T�U���C�P�F���I�C�U���P�G�V�Y�Q�T�M���ƒ�G�Z�K�D�K�N�K�V�[���C�P�F���U�V�Q�T�C�I�G���E�C�P���R�T�Q�X�K�F�G���V�Q��
the future low-carbon heat market. Primarily, an analysis is being carried out to 
identify potential services/applications that can be provided to system and network 
operators by hybrid heating systems while still ensuring that heat requirements 
�
�C�P�F���V�J�W�U���G�P�F���W�U�G�T�U�o���E�Q�O�H�Q�T�V���N�G�X�G�N�U�����C�T�G���U�V�K�N�N���O�G�V�����/�C�K�P�N�[�����V�J�G���ƒ�G�Z�K�D�K�N�K�V�[���C�U�U�Q�E�K�C�V�G�F��
with residential heat demand can be exploited to offer frequency response services 
to the system operator and even support DNOs to manage peak demand at the 
distribution level. 

10.2  Arbitrage between electricity 
and gas markets 

The characteristics of a hybrid heating system allow it to operate using electricity 
and gas supply sources. This aspect enables end-users to outsource to an aggregator 
the complexity of selecting the most appropriate energy source to meet their heat 
requirements based on energy supply costs, i.e. the dual-fuel capability of hybrid 
�J�G�C�V�K�P�I���U�[�U�V�G�O�U���C�N�N�Q�Y�U���G�P�F���W�U�G�T�U���V�Q���D�G�P�G�‚�V���H�T�Q�O���C�T�D�K�V�T�C�I�G���Q�R�R�Q�T�V�W�P�K�V�K�G�U���D�G�V�Y�G�G�P��
the electricity and gas markets. 

�"�Û�i�À�>�•�•���Ì�…�ˆ�Ã���“�i�>�˜�Ã���Ì�…�>�Ì���ˆ�Ì���V�>�˜���i�˜�Ã�Õ�À�i���Ì�…�>�Ì���Ì�…�i�ˆ�À���i�˜�i�À�}�Þ���˜�i�i�`�Ã���­�ˆ�°�i�°���…�i�>�Ì���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã�®���>�À�i���“�i�Ì���>�Ì���Ì�…�i���•�œ�Ü�i�Ã�Ì��
�Ã�Õ�«�«�•�Þ���V�œ�Ã�Ì���L�Õ�Ì���v�Õ�˜�`�>�“�i�˜�Ì�>�•�•�Þ���Ü�ˆ�Ì�…�œ�Õ�Ì���V�œ�“�«�À�œ�“�ˆ�Ã�ˆ�˜�}���Ì�…�i�ˆ�À���V�œ�“�v�œ�À�Ì���•�i�Û�i�•�Ã�°��
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10.3  Demand-side  
management service 

Demand-side management (DSM) services have been widely investigated and 
applied by industrial/large consumers with the objective of reducing their energy 
bills by providing a price-responsive demand curve. When applied to industrial 
�E�Q�P�U�W�O�G�T�U�����&�5�/���E�Q�P�U�K�F�G�T�U���V�J�G���ƒ�G�Z�K�D�K�N�K�V�[���Q�H�H�G�T�G�F���D�[���C���U�R�G�E�K�‚�E���R�T�Q�F�W�E�V�K�Q�P���R�T�Q�E�G�U�U����
�H�Q�T���G�Z�C�O�R�N�G���V�J�G���ƒ�G�Z�K�D�K�N�K�V�[���C�U�U�Q�E�K�C�V�G�F���Y�K�V�J���Q�X�G�T���Q�T���W�P�F�G�T�R�T�Q�F�W�E�V�K�Q�P�����C�P�F���V�J�W�U��
adjust the demand for electricity based on real-time pricing while still meeting the 
long-term production targets. A similar method can be applied to residential heat 
demand by taking into consideration the potential thermal inertia of buildings and  
a price-responsive demand curve.

���˜���Ì�…�ˆ�Ã���V�œ�˜�Ì�i�Ý�Ì�]���Ì�…�i���Àesidential heat demand curve ���­�Ü�…�ˆ�V�…���v�œ�À���Ì�…�i���Ã�>�Ž�i���œ�v���V�•�>�À�ˆ�Ì�Þ���Ü�ˆ�•�•���L�i���ˆ�`�i�˜�Ì�ˆ�w�i�`���>�Ã��
'original heat demand' ���Ì�…�À�œ�Õ�}�…�œ�Õ�Ì���Ì�…�ˆ�Ã���Ã�i�V�Ì�ˆ�œ�˜�®���Ü�ˆ�•�•���L�i���Ã�Õ�L�•�i�V�Ì���Ì�œ���Ã�“�>�•�•���>�`�•�Õ�Ã�Ì�“�i�˜�Ì�Ã���ˆ�˜���œ�À�`�i�À���Ì�œ��reduce  
consumers’ energy bills �Ì�…�À�œ�Õ�}�…���Ì�ˆ�“�i���>�À�L�ˆ�Ì�À�>�}�i�°���‚�•�•�œ�Ü�i�`���À�>�˜�}�i�Ã���v�œ�À���>���«�œ�Ì�i�˜�Ì�ˆ�>�•���ˆ�˜�V�À�i�>�Ã�i���É���`�i�V�À�i�>�Ã�i���>�Ü�>�Þ��
�v�À�œ�“���Ì�…�i���œ�À�ˆ�}�ˆ�˜�>�•���…�i�>�Ì���`�i�“�>�˜�`���…�>�Û�i���L�i�i�˜���Ã�i�Ì���>�V�V�œ�À�`�ˆ�˜�}���Ì�œ���Ì�…�À�i�i���•�i�Û�i�•�Ã���œ�v�����-���\���Ó�¯�]���x�¯���>�˜�`���£�ä�¯�°��

�/�…�i���Û�>�•�Õ�i���>�Ã�Ã�œ�V�ˆ�>�Ì�i�`���Ü�ˆ�Ì�…�����-���]���˜�>�“�i�•�Þ���Ì�…�i��reduction on heat supply cost,  should then be compared with 
�i�˜�`�‡�Õ�Ã�i�À�½�Ã���•�œ�Ã�Ã���ˆ�˜���V�œ�“�v�œ�À�Ì���•�i�Û�i�•�Ã���>�˜�`���Ü�ˆ�•�•�ˆ�˜�}�˜�i�Ã�Ã���Ì�œ��adjust their heat requirements.  �(�K�I�W�T�G���������Ã�…�œ�Ü�Ã�]���v�œ�À���Ì�…�i��
�Ã�>�“�i���`�>�Þ�]���Ì�…�i���…�i�>�Ì���Ã�Õ�«�«�•�Þ���V�œ�Ã�Ì���>�Ã�Ã�œ�V�ˆ�>�Ì�i�`���Ü�ˆ�Ì�…���Ì�…�i���`�ˆ�v�v�i�À�i�˜�Ì���•�i�Û�i�•�Ã���œ�v�����-���°��
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�(�K�I�W�T�G�����������*�G�C�V���U�W�R�R�N�[���E�Q�U�V���C�U�U�Q�E�K�C�V�G�F���Y�K�V�J���F�K�H�H�G�T�G�P�V���N�G�X�G�N�U���Q�H���&�5�/

As demonstrated in �(�K�I�W�T�G�������]��a 10% variation in heat demand (10% DSM) can achieve a reduction 
of up to £15/day in heat supply cost. � �œ�Ì�i���Ì�…�>�Ì���£�ä�¯���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���ˆ�˜���…�i�>�Ì���`�i�“�>�˜�`���Ü�ˆ�•�•���…�>�Û�i���>���«�œ�Ì�i�˜�Ì�ˆ�>�•��
�i�v�v�i�V�Ì���œ�v���À�>�ˆ�Ã�ˆ�˜�}���Ì�…�i���Ì�i�“�«�i�À�>�Ì�Õ�À�i���œ�v���Ì�…�i���ˆ�˜�`�œ�œ�À���>�ˆ�À���“�>�Ã�Ã���œ�v���>���Ì�Þ�«�ˆ�V�>�•���Ì�…�À�i�i�‡�L�i�`�À�œ�œ�“���y�>�Ì���œ�v���V�>�°���{�c�
�]���>�˜�`���Ã�œ��
�>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���V�œ�“�v�œ�À�Ì���V�œ�˜�Ì�À�œ�•�]���Ã�Õ�V�…���>�Ã���ˆ�˜���L�i�`�À�œ�œ�“�Ã�]���“�>�Þ���L�i���À�i�µ�Õ�ˆ�À�i�`���Ì�œ���À�i�>�V�…���Ì�…�ˆ�Ã���•�i�Û�i�•�°

�/�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�Ã�Ã�œ�V�ˆ�>�Ì�i�`���Ü�ˆ�Ì�…���…�Þ�L�À�ˆ�`���`�Õ�>�•�‡�v�Õ�i�•���œ�«�i�À�>�Ì�ˆ�œ�˜�>�•���V�>�«�>�L�ˆ�•�ˆ�Ì�ˆ�i�Ã���V�>�˜���v�Õ�À�Ì�…�i�À���L�i�˜�i�w�Ì���V�œ�˜�Ã�Õ�“�i�À�Ã��
�>�˜�`���œ�Ì�…�i�À���Ã�Ì�>�Ž�i�…�œ�•�`�i�À�Ã���ˆ�˜���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���ˆ�˜�`�Õ�Ã�Ì�À�Þ�]���Ã�Õ�V�…���>�Ã���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���­�>�Ã���`�i�Ì�>�ˆ�•�i�`���ˆ�˜���Ì�…�i��
�˜�i�Ý�Ì���Ã�i�V�Ì�ˆ�œ�˜�®���>�˜�`���}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�Ã���Ü�…�œ���>�À�i���«�À�œ�Û�ˆ�`�ˆ�˜�}���Ì�…�i���Ã�Ì�œ�À�>�}�i���>�˜�`���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���>�Û�>�ˆ�•�>�L�•�i���Ì�œ���Ì�…�i��
hybrid system. 

10.4  Network service:  
�U�W�R�R�Q�T�V�K�P�I���K�P�V�G�I�T�C�V�G�F���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M�U��

�6�J�G���H�W�N�N���G�N�G�E�V�T�K�‚�E�C�V�K�Q�P���Q�H���V�J�G���J�G�C�V���K�P�F�W�U�V�T�[�����F�T�K�X�G�P���D�[���V�J�G���C�O�D�K�V�K�Q�W�U���T�G�F�W�E�V�K�Q�P�U��
�Q�P���E�C�T�D�Q�P���G�O�K�U�U�K�Q�P�U���C�E�T�Q�U�U���V�J�G���X�C�T�K�Q�W�U���G�P�G�T�I�[���U�G�E�V�Q�T�U�����Y�Q�W�N�F���N�G�C�F���V�Q���U�K�I�P�K�‚�E�C�P�V��
changes in the electricity sector, particularly affecting electricity networks and 
�U�K�I�P�K�‚�E�C�P�V�N�[���K�O�R�C�E�V�K�P�I���E�Q�P�U�W�O�G�T�U�o���D�K�N�N�U����

���˜���Ì�…�ˆ�Ã���Ã�i�Ì�Ì�ˆ�˜�}�]���V�œ�˜�Ã�ˆ�`�i�À�>�L�•�i��
electricity network 
�À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì�Ã�]���>�•�Ì�i�À�˜�>�Ì�ˆ�Û�i��
�Ã�i�>�Ã�œ�˜�>�•���Ã�Ì�œ�À�>�}�i���>�˜�`���Ü�…�œ�•�i�Ã�>�•�i��
�ˆ�˜�Ã�Õ�•�>�Ì�ˆ�œ�˜���À�i�Ì�À�œ�w�Ì�Ã���Ì�œ���i�Ý�ˆ�Ã�Ì�ˆ�˜�}��
�…�œ�Õ�Ã�ˆ�˜�}���Ã�Ì�œ�V�Ž���Ü�œ�Õ�•�`���L�i��
necessary to accommodate the 
�˜�i�Ü���i�•�i�V�Ì�À�ˆ�w�i�`���…�i�>�Ì���`�i�“�>�˜�`�°��
The seasonal characteristics of 
demand for heat (i.e. typically 
�œ�V�V�Õ�À�À�ˆ�˜�}���`�Õ�À�ˆ�˜�}���V�œ�•�`�i�À���“�œ�˜�Ì�…�Ã�®��
and the increase in peaks will 
�L�i���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���…�ˆ�}�…�i�À���Ì�…�>�˜���Ì�…�i��
�ˆ�˜�V�À�i�>�Ã�i���ˆ�˜���i�˜�i�À�}�Þ���`�i�“�>�˜�`���œ�˜��
�Ì�…�i���À�i�ˆ�˜�v�œ�À�V�i�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ã�Þ�Ã�Ì�i�“�]��
�À�i�Ã�Õ�•�Ì�ˆ�˜�}���ˆ�˜���•�œ�Ü���˜�i�Ì�Ü�œ�À�Ž���Õ�Ì�ˆ�•�ˆ�Ã�>�Ì�ˆ�œ�˜��
levels outside of peak demand 
periods. 

The dual-fuel capability of hybrid 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�>�˜���«�œ�Ì�i�˜�Ì�ˆ�>�•�•�Þ��
�«�À�œ�Û�ˆ�`�i���Ì�…�i���˜�i�V�i�Ã�Ã�>�À�Þ���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ��
to defer and even avoid the need 
for network reinforcement without 
�V�œ�“�«�À�œ�“�ˆ�Ã�ˆ�˜�}���Ì�…�i���V�œ�“�v�œ�À�Ì���•�i�Û�i�•�Ã��
of consumers. The ability to use 
�}�>�Ã���>�Ã���Ì�…�i���«�À�ˆ�“�>�À�Þ���i�˜�i�À�}�Þ���Ã�œ�Õ�À�V�i��
to supply the demand for heat 
can support network operators to 
reduce local electricity demand 
�`�Õ�À�ˆ�˜�}���V�œ�˜�}�i�Ã�Ì�i�`���«�i�À�ˆ�œ�`�Ã���ˆ�˜��
�Ì�…�i���˜�i�Ì�Ü�œ�À�Ž�]���v�œ�À���i�Ý�>�“�«�•�i�]���ˆ�˜���Ì�…�i��
event of a sudden loss of network 
capacity (due to a network fault 
�œ�À���«�•�>�˜�˜�i�`���“�>�ˆ�˜�Ì�i�˜�>�˜�V�i�®���…�i�>�Ì��
�•�œ�>�`���V�>�˜���Ã�…�ˆ�v�Ì���Ì�œ���Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�Ã��
and/or consumers can provide a 
service to the electricity network 

�œ�«�i�À�>�Ì�œ�À���L�Þ���À�i�`�Õ�V�ˆ�˜�}���Ì�…�i�ˆ�À��
demand for electricity. 

Figure 66 shows the electricity 
demand at the primary substation 
level in a typical winter day and 
the associated secured network 
capacity. 

Figure 66: Local electricity demand at primary substation level and secured network capacity in a typical winter day
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�(�K�I�W�T�G�����������.�Q�E�C�N���C�P�F���G�N�G�E�V�T�K�‚�G�F���J�G�C�V���F�G�O�C�P�F���C�V���V�J�G���F�K�U�V�T�K�D�W�V�K�Q�P���P�G�V�Y�Q�T�M���
�C�����Y�K�V�J�Q�W�V���C�P�F���
�D�����Y�K�V�J���P�G�V�Y�Q�T�M���U�W�R�R�Q�T�V���U�G�T�X�K�E�G

�‚�Ã���Ã�…�œ�Ü�˜�]��during the evening hours (i.e. between 19:00 and 21:00) the primary substation demand 
is at its peak �>�˜�`���ˆ�Ã���˜�i�>�À�•�Þ���œ�Û�i�À�•�œ�>�`�i�`�°���‚�`�`�ˆ�˜�}���v�Õ�À�Ì�…�i�À���Ì�œ���Ì�…�i���•�œ�V�>�•���`�i�“�>�˜�`���­�`�Õ�i���Ì�œ���Ì�…�i���i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜���œ�v��
�À�i�Ã�ˆ�`�i�˜�Ì�ˆ�>�•���…�i�>�Ì���`�i�“�>�˜�`�®���Ü�ˆ�•�•���ˆ�˜�i�Û�ˆ�Ì�>�L�•�Þ���œ�Û�i�À�•�œ�>�`���Ì�…�i���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž���>�˜�`���•�i�>�`���Ì�œ���˜�i�V�i�Ã�Ã�>�À�Þ���˜�i�Ì�Ü�œ�À�Ž��
�À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì�Ã�°���/�œ���V�œ�Õ�˜�Ì�i�À���Ì�…�ˆ�Ã���«�À�œ�L�•�i�“�]���Ì�J�G���F�W�C�N���H�W�G�N���ƒ�G�Z�K�D�K�N�K�V�[���Q�H���V�J�G���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���E�C�P���D�G��
exploited �Ì�œ���Ã�Õ�«�«�œ�À�Ì���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���>�˜�`���`�i�v�i�À���˜�i�Ì�Ü�œ�À�Ž���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì�Ã���Ü�ˆ�Ì�…�œ�Õ�Ì���V�œ�“�«�À�œ�“�ˆ�Ã�ˆ�˜�}���…�i�>�Ì�ˆ�˜�}��
comfort levels. �(�K�I�W�T�G���������ˆ�•�•�Õ�Ã�Ì�À�>�Ì�i�Ã���Ì�…�i���>�}�}�À�i�}�>�Ì�i�`���i�˜�i�À�}�Þ���Ã�Õ�«�«�•�Þ���v�œ�À���>���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���ˆ�˜���Ì�…�i���Ã�>�“�i��
�`�>�Þ���>�Ã���Ü�ˆ�Ì�…�œ�Õ�Ì���˜�i�Ì�Ü�œ�À�Ž���Ã�Õ�«�«�œ�À�Ì���Ã�i�À�Û�ˆ�V�i���­�>�®���>�˜�`���V�œ�˜�Ã�ˆ�`�i�À�ˆ�˜�}���˜�i�Ì�Ü�œ�À�Ž���Ã�Õ�«�«�œ�À�Ì���Ã�i�À�Û�ˆ�V�i���­�L�®�°��

�/�…�i���V�…�>�˜�}�i���v�À�œ�“���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���Ì�œ���}�>�Ã���>�Ã���Ì�…�i���i�˜�i�À�}�Þ���Ã�œ�Õ�À�V�i���Ì�œ���Ã�Õ�«�«�•�Þ���Ì�…�i���À�i�Ã�ˆ�`�i�˜�Ì�ˆ�>�•���…�i�>�Ì���`�i�“�>�˜�`���>�Ì���>���Ì�ˆ�“�i���œ�v��
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���˜�i�Ì�Ü�œ�À�Ž���V�œ�˜�Ã�Ì�À�>�ˆ�˜�Ì���“�>�Þ���ˆ�“�«�•�Þ���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���V�œ�Ã�Ì�Ã���Ì�œ���i�˜�`�‡�Õ�Ã�i�À�Ã���Ì�œ���“�>�ˆ�˜�Ì�>�ˆ�˜���Ã�i�V�Õ�À�ˆ�Ì�Þ���œ�v���…�i�>�Ì���Ã�Õ�«�«�•�Þ�]��
�Ã�Õ�L�•�i�V�Ì���Ì�œ���v�Õ�Ì�Õ�À�i���Ì�ˆ�“�i���œ�v���Õ�Ã�i���«�À�ˆ�V�ˆ�˜�}���À�>�Ì�ˆ�œ�Ã�°���/�…�i�À�i�v�œ�À�i�]���Ì�…�i���Ã�i�À�Û�ˆ�V�i���«�À�œ�Û�ˆ�`�i�`���Ì�œ���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���Ã�…�œ�Õ�•�`���L�i��
�>�`�i�µ�Õ�>�Ì�i�•�Þ���À�i�“�Õ�˜�i�À�>�Ì�i�`���Ì�œ���L�œ�Ì�…���V�œ�“�«�i�˜�Ã�>�Ì�i���>���«�œ�Ì�i�˜�Ì�ˆ�>�•���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���V�œ�Ã�Ì���ˆ�˜�V�Õ�À�À�i�`���L�Þ���Ã�Ü�ˆ�Ì�V�…�ˆ�˜�}���Ì�œ���}�>�Ã���Ã�Õ�«�«�•�Þ��
�>�˜�`���À�i�y�i�V�Ì���Ì�…�i���>�V�Ì�Õ�>�•���L�i�˜�i�w�Ì���œ�v���`�i�v�i�À�À�ˆ�˜�}���˜�i�Ì�Ü�œ�À�Ž���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì�Ã�°��

10.5  Frequency response service  
to the system operator

The penetration of renewable energy sources in the electricity industry associated 
�Y�K�V�J���V�J�G���F�G�E�Q�O�O�K�U�U�K�Q�P�K�P�I���Q�H���ƒ�G�Z�K�D�N�G���G�P�G�T�I�[���U�Q�W�T�E�G�U���
�U�W�E�J���C�U���E�Q�C�N���C�P�F���Q�K�N���‚�T�G�F��
power plants) has led the system operator in GB to expand the procurement process 
�H�Q�T���ƒ�G�Z�K�D�K�N�K�V�[���H�T�Q�O���I�C�U���R�G�C�M�K�P�I���I�G�P�G�T�C�V�K�Q�P���C�P�F���C�N�U�Q���V�J�G���F�G�O�C�P�F���U�K�F�G�����+�P���V�J�K�U���E�Q�P�V�G�Z�V����
�J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���ƒ�G�Z�K�D�K�N�K�V�[���E�C�P���D�G���W�U�G�F���V�Q���R�T�Q�X�K�F�G���H�T�G�S�W�G�P�E�[���T�G�U�R�Q�P�U�G���U�G�T�X�K�E�G�U��
to the system operator and bring additional value to the system. 
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11.  Operator 
business models 
for hybrid 
heating systems 

11.1  Operator business 
model aims 

One of the aims of the Freedom Project was to 
establish what the future role of energy network 
operators could be in the hybrid heating market.  
In particular, focus is on the variety of ways in  
which networks could participate in the market,  
and whether they have a role in some, all or  
none of the these types of activity. 

Financier  

�*�À�œ�Û�ˆ�`�ˆ�˜�}���w�˜�>�˜�V�i�]���ˆ�˜�Û�i�Ã�Ì�“�i�˜�Ì��
�v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�� 

�v�À�i�i�‡�œ�v�‡�V�…�>�À�}�i���œ�À���Ã�œ�“�i���œ�Ì�…�i�À��
�Ã�œ�À�Ì���œ�v���w�˜�>�˜�V�ˆ�>�•���v�Õ�˜�`�ˆ�˜�}�� 

or supporter

Active participation  
in the market

���˜�V�•�Õ�`�ˆ�˜�}���«�>�À�Ì�˜�i�À�Ã�…�ˆ�«�Ã���Ü�ˆ�Ì�…��
�ˆ�˜�Ã�Ì�>�•�•�i�À�Ã�]���Ã�Õ�«�«�•�ˆ�i�À�Ã�É���˜�i�Ì�Ü�œ�À�Ž��

�œ�«�i�À�>�Ì�œ�À�Ã���Ã�i�Ì�Ì�ˆ�˜�}���Õ�«���>�˜���ˆ�˜�Ã�Ì�>�•�•�i�À�É
supplier business

Trusted advisor  

�
�À�i�>�Ì�ˆ�˜�}���«�>�À�Ì�˜�i�À�Ã�…�ˆ�«�Ã���Ü�ˆ�Ì�…��
stakeholders (such as social 

�•�>�˜�`�•�œ�À�`�Ã�®���>�˜�`���«�À�œ�Û�ˆ�`�ˆ�˜�}��
evidence-based advice which 
could help promote hybrids

Market promoter

�‚�Ü�>�À�i�˜�i�Ã�Ã�‡�À�>�ˆ�Ã�ˆ�˜�}���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã�]��
trusted advisor to customers 

and/or installers
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11.2  Route to market  
(R2M) for operators

There is currently no 
typical or traditional route 
to market for hybrid  
heating systems; however 
the most common route 
to market is via  
manufacturer – installer – 
customer.

���œ�À���•�œ�Ü�‡�V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�]��
the wholesale route to market 
�ˆ�Ã���˜�œ�Ì���Ì�Þ�«�ˆ�V�>�•�•�Þ���Õ�Ì�ˆ�•�ˆ�Ã�i�`�]���Ì�…�ˆ�Ã���ˆ�Ã��
because the costs and volume 
of sales are not yet attractive.  
���œ�Ü�i�Û�i�À�]���>�Ã���•�œ�Ü�‡�V�>�À�L�œ�˜��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���L�i�V�œ�“�i���“�œ�À�i��
�¼�“�>�ˆ�˜�Ã�Ì�À�i�>�“�½�]��the wholesaler 
channel is expected to become 
a key route,  particularly for 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ü�…�i�À�i��
heat pumps are combined with  
�>���L�œ�ˆ�•�i�À���Ü�ˆ�Ì�…���Ü�i�Ì���…�i�>�Ì�ˆ�˜�}���>�˜�`�� 
are potentially easier and  
more familiar for installers  
�Ì�œ���i�˜�}�>�}�i���Ü�ˆ�Ì�…�°��

In the future, the route to 
market will be much more  
open for hybrid heating; 
however, installers will always 
be a critical customer link in  
the UK market.

�U�� ���"�˜�•�ˆ�˜�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
�µ�Õ�œ�Ì�i�Ã���>�˜�`���ˆ�˜�Ã�Ì�>�•�•�i�À���L�œ�œ�Ž�ˆ�˜�}�Ã��
�>�À�i���i�“�i�À�}�ˆ�˜�}���>�˜�`���`�ˆ�Ã�À�Õ�«�Ì�ˆ�˜�}��
the typical R2M. Customers 
�>�À�i���L�i�V�œ�“�ˆ�˜�}���“�œ�À�i���i�˜�}�>�}�i�`�]��
�Ã�œ���Ì�…�i���ˆ�˜�Ã�Ì�>�•�•�i�À���ˆ�˜�y�Õ�i�˜�V�i��
�œ�Û�i�À���L�À�>�˜�`���­�˜�i�>�À���Ì�i�À�“�®���>�˜�`��
�Ì�i�V�…�˜�œ�•�œ�}�Þ���­�v�Õ�À�Ì�…�i�À���>�Ü�>�Þ�®��
�ˆ�Ã���i�Ý�«�i�V�Ì�i�`���Ì�œ���`�ˆ�“�ˆ�˜�ˆ�Ã�…�°��
� �i�Û�i�À�Ì�…�i�•�i�Ã�Ã�]���Ì�…�i���ˆ�˜�Ã�Ì�>�•�•�i�À��
will always be the person 
�Ü�ˆ�Ì�…���>�V�V�i�Ã�Ã���Ì�œ���Ì�…�i���…�œ�“�i�]���Ã�œ��
�ˆ�Ì���ˆ�Ã���V�À�ˆ�Ì�ˆ�V�>�•���Ì�œ���i�˜�}�>�}�i���Ì�…�i�“��
in the short to medium term 
so that they (and in turn their 
�V�Õ�Ã�Ì�œ�“�i�À�Ã�®���V�>�˜���L�i�V�œ�“�i���“�œ�À�i��
�i�˜�}�>�}�i�`���Ü�ˆ�Ì�…���…�Þ�L�À�ˆ�`�Ã�°��

�U�� ���/�>�À�}�i�Ì�ˆ�˜�}���L�Õ�ˆ�•�`�ˆ�˜�}���`�i�Û�i�•�œ�«�i�À�Ã��
�>�˜�`���À�i�}�ˆ�Ã�Ì�i�À�i�`���Ã�œ�V�ˆ�>�•���•�>�˜�`�•�œ�À�`�Ã��
�­�,�-���Ã�®���ˆ�˜���Ì�…�i���˜�i�>�À���Ì�i�À�“���V�œ�Õ�•�`��
positively increase the uptake 
of hybrids; developers are 
�À�i�}�Õ�•�>�Ì�ˆ�œ�˜�‡�`�À�ˆ�Û�i�˜���>�˜�`���,�-���Ã��
�>�À�i���“�œ�À�i���i�˜�}�>�}�i�`���Ü�ˆ�Ì�…���¼�•�œ�Ü��
carbon’ as a way to protect 
�Ì�i�˜�>�˜�Ì�Ã���v�À�œ�“���À�ˆ�Ã�ˆ�˜�}���v�Õ�i�•���L�ˆ�•�•�Ã�°�� 
���v���i�˜�i�À�}�Þ���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã��
can support education here  
to develop the supply chain  
it could impact on future sales. 
RSLs also tend to have access 
�Ì�œ���v�Õ�˜�`�ˆ�˜�}���Ã�Ì�À�i�>�“�Ã���Ì�œ���Ã�Õ�«�«�œ�À�Ì��
�Ì�…�i���À�œ�•�•�‡�œ�Õ�Ì���œ�v���˜�i�Ü���Ì�i�V�…�˜�œ�•�œ�}�Þ�°��

� �ˆ�˜�i���L�Õ�Ã�ˆ�˜�i�Ã�Ã���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã���>�Ì���`�ˆ�v�v�i�À�i�˜�Ì���«�œ�ˆ�˜�Ì�Ã���>�•�œ�˜�}���Ì�…�i���,�Ó�����…�>�Û�i���L�i�i�˜���ˆ�`�i�˜�Ì�ˆ�w�i�`�°���/�…�i�Ã�i���L�Õ�Ã�ˆ�˜�i�Ã�Ã��
�œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã���ˆ�˜�Û�œ�•�Û�i���i�˜�i�À�}�Þ���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���L�i�ˆ�˜�}���i�ˆ�Ì�…�i�À���>�˜���>�V�Ì�ˆ�Û�i���œ�À���«�>�Ã�Ã�ˆ�Û�i���“�>�À�Ž�i�Ì���«�>�À�Ì�ˆ�V�ˆ�«�>�˜�Ì�°�� 
�/�…�i�Ã�i���`�ˆ�v�v�i�À�i�˜�Ì���L�Õ�Ã�ˆ�˜�i�Ã�Ã���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã���…�>�Û�i���Û�>�À�Þ�ˆ�˜�}���`�i�}�À�i�i�Ã���œ�v���Ã�Õ�ˆ�Ì�>�L�ˆ�•�ˆ�Ì�Þ���>�˜�`���>�À�i���`�i�Ì�>�ˆ�•�i�`���ˆ�˜��Figure 69. 

Figure 69: Hybrid heating system business model journey

Business 
opportunity 
number

Business opportunity description Example

1 ���œ�L�L�Þ�ˆ�˜�} EHPA

2 ���˜�V�À�i�>�Ã�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���>�Ü�>�À�i�˜�i�Ã�Ã���>�˜�`���i�`�Õ�V�>�Ì�ˆ�œ�˜E ON UK

3 �,�i�Ã�ˆ�`�i�˜�Ì���Ã�œ�V�ˆ�>�•���•�>�˜�`�•�œ�À�`���­�,�-���®���Ì�À�Õ�Ã�Ì�i�`���>�`�Û�ˆ�Ã�œ�À � �œ�L�œ�`�Þ���ˆ�Ã���Ì�>�Ž�ˆ�˜�}���Ì�…�ˆ�Ã���À�œ�•�i

4 �,�E�����É���ˆ�˜�˜�œ�Û�>�Ì�ˆ�œ�˜���Ã�Õ�«�«�œ�À�Ì���Ì�…�À�œ�Õ�}�…���«�>�À�Ì�˜�i�À�Ã�…�ˆ�«���“�>�˜�Õ�v�>�V�Ì�Õ�À�i�ÀGrasterra 
Gasunie

5 Installer partnerships �/�À�>�ˆ�˜�ˆ�˜�}���Ü�œ�À�Ž�Ã�…�œ�«�Ã�É�>�V�>�`�i�“�Þ

6 ���˜�˜�œ�Û�>�Ì�ˆ�Û�i���w�˜�>�˜�V�ˆ�˜�}���Ã�V�…�i�“�i�Ã���`�ˆ�À�i�V�Ì�ˆ�œ�˜���Ü�ˆ�Ì�…���Ì�…�i���V�Õ�Ã�Ì�œ�“�i�ÀFlow

7 Online sales / quotes Thermondo

8 Spin out company Liander

9 Heat as a service Best Green

Typical 'low carbon' 
heating route to market

Manufacturer

Installer

Customer

Wholesaler/
distributor

Primary R2M – typical route  
�v�œ�À���¿�•�œ�Ü���V�>�À�L�œ�˜�¿���…�i�>�Ì�ˆ�˜�}���Ì�œ�`�>�Þ

Predicted future R2M –  
typical route for boilers

KeyTypical boiler  
route to market

The typical R2M for 
�Ì�À�>�`�ˆ�Ì�ˆ�œ�˜�>�•���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�Ã���­�i�°�}�°���L�œ�ˆ�•�i�À�Ã�®���ˆ�Ã�\��
manufacturer – wholesaler 

– installer – customer. In the 
�v�Õ�Ì�Õ�À�i�]���Ü�…�i�˜���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“���Õ�«�Ì�>�Ž�i���ˆ�Ã���…�ˆ�}�…�i�À��
�>�˜�`���Ì�…�i���Ì�i�V�…�˜�œ�•�œ�}�Þ���“�œ�Û�i�Ã��
�v�À�œ�“���˜�ˆ�V�…�i���Ì�œ���“�>�ˆ�˜�Ã�Ì�À�i�>�“�]��
its current R2M is predicted 
to evolve to mirror the 
typical R2M for traditional 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�°

Installer

Customer

Manufacturer

Wholesaler / 
distributor

Retailer

1

2

Building 
Developer �5�R�G�E�K�‚�G�T�UResident Social  

Landlord (RSL)

UtilitiesOnline

Primary R2M

Predicted future R2M

Key

Secondary R2M

High Volume R2M
Passive market 
participant

Active market 
participant

�­�ˆ�˜�Ì�i�À�>�V�Ì�ˆ�˜�}���`�ˆ�À�i�V�Ì�•�Þ���Ü�ˆ�Ì�…���Ì�…�i���V�Õ�Ã�Ì�œ�“�i�À 
�i�°�}�°���Ã�i�•�•�ˆ�˜�}���`�ˆ�À�i�V�Ì�•�Þ�®

�­�ˆ�˜�Ì�i�À�>�V�Ì�ˆ�˜�}���ˆ�˜�`�ˆ�À�i�V�Ì�•�Þ���Ü�ˆ�Ì�…���Ì�…�i���V�Õ�Ã�Ì�œ�“�i�À 
�i�°�}�°���>�Ü�>�À�i�˜�i�Ã�Ã���À�>�ˆ�Ã�ˆ�˜�}�®

*R2M is manufacturer – middle man (who handles 
�…�œ�Ü���Ì�…�i���«�À�œ�`�Õ�V�Ì���ˆ�Ã���w�˜�>�˜�V�i�`���>�˜�`���…�>�Ã���>���V�œ�˜�Ì�À�>�V�Ì��
�Ü�ˆ�Ì�…���L�œ�Ì�…���Ì�…�i���V�Õ�Ã�Ì�œ�“�i�À���>�˜�`���“�>�˜�Õ�v�>�V�Ì�Õ�À�i�À�®���q��
customer. The middle man could be any entity not 
just a utility.

RSL is also a 
�T�G�N�G�X�C�P�V���T�G�V�T�Q�‚�V��

opportunity

Figure 68: Hybrid heating system installation journey

9*



1 2 5

11.3  Policy framework

The incentive-based period is the most promising period for hybrid heating  
system uptake. The current pace of change and policies will result in the UK failing 
�V�Q���O�G�G�V���V�J�G���‚�H�V�J���E�C�T�D�Q�P���D�W�F�I�G�V�����T�G�U�W�N�V�K�P�I���K�P���C���R�Q�N�K�E�[���I�C�R���G�O�G�T�I�K�P�I���Y�J�K�E�J���P�G�G�F�U�� 
to be addressed. 

The medium-term (2021–2030) will be the period with the biggest opportunity for uptake of hybrids  
– it is predicted that at this time the policy framework will be incentive-based to support the development 
�œ�v���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�°�����˜���Ì�…�i���•�œ�˜�}�‡�Ì�i�À�“�]���Ì�…�i���«�œ�•�ˆ�V�Þ���v�À�>�“�i�Ü�œ�À�Ž���V�œ�Õ�•�`���L�i���Ã�Ì�>�˜�`�>�À�`�Ã�‡�L�>�Ã�i�`���­�i�°�}�°���Ž�}�
�"2/m

2�®�]��
�Ü�…�ˆ�V�…���Ü�ˆ�•�•���À�i�µ�Õ�ˆ�À�i���Ì�…�i���}�>�Ã���Ã�Õ�«�«�•�Þ���Ì�œ���…�œ�“�i�Ã���Ì�œ���L�i���•�>�À�}�i�•�Þ���`�i�V�>�À�L�œ�˜�ˆ�Ã�i�`���
�U�G�G���(�K�I�W�T�G��������. Hybrid heating will 
�R�T�Q�X�K�F�G���X�C�N�W�C�D�N�G���Y�J�Q�N�G���G�P�G�T�I�[���U�[�U�V�G�O���C�P�F���E�W�U�V�Q�O�G�T���D�G�P�G�‚�V�U���D�Q�V�J���Q�P���C�P�F���Q�H�H���V�J�G���I�C�U���I�T�K�F�� 
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An incentive-based period 
should result in favourable 
�«�œ�•�ˆ�V�ˆ�i�Ã���v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems. Given the UK’s 
�`�i�«�i�˜�`�i�˜�V�i���œ�˜���}�>�Ã���>�Ã���>�˜���i�˜�i�À�}�Þ��
�Ã�œ�Õ�À�V�i���ˆ�˜���Ì�…�i���v�œ�À�i�Ã�i�i�>�L�•�i���v�Õ�Ì�Õ�À�i�]��
�Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���˜�i�Ì�Ü�œ�À�Ž���L�i�˜�i�w�Ì�Ã�]��
and the potential emission 
�Ã�>�Û�ˆ�˜�}�Ã���«�À�œ�Û�ˆ�`�i�`���L�Þ���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���“�i�>�˜�Ã���Ì�…�i�Þ���>�À�i��
likely to play a key part in the 
�1���½�Ã���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜���Ã�Ì�À�>�Ì�i�}�Þ�°��
The ‘incentive-based period’ 
�Ã�…�œ�Õ�•�`���À�i�Ã�Õ�•�Ì���ˆ�˜���Ì�…�i���}�œ�Û�i�À�˜�“�i�˜�Ì��

�V�À�i�>�Ì�ˆ�˜�}���>���v�À�>�“�i�Ü�œ�À�Ž���œ�v���«�œ�•�ˆ�V�Þ��
measures which should tip the 
economics in favour of solutions 
�Ã�Õ�V�…���>�Ã���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems. This would likely include 
a �‚�P�C�P�E�K�C�N���K�P�E�G�P�V�K�X�G that would 
�i�Ý�Ì�i�˜�`���œ�À���À�i�«�•�>�V�i���Ì�…�i���,�i�˜�i�Ü�>�L�•�i��
���i�>�Ì�����˜�V�i�˜�Ì�ˆ�Û�i���­�,�����®�°��Hybrids  
are presenting as a no-regrets 
long term solution, supported 
by gas grid decarbonisation 
with roles for green gas  
and hydrogen.

� �œ�Ì���Ã�i�ˆ�â�ˆ�˜�}���Ì�…�i���•�œ�˜�}���Ì�i�À�“���…�i�>�Ì��
decarbonisation pathway offered 
�L�Þ���Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•�•�i�`���…�Þ�L�À�ˆ�`�Ã�]��
and mistakenly  treating the 
technology as transitionary 
would fail consumers and miss 
�V�J�G���Q�R�R�Q�T�V�W�P�K�V�[���V�Q���ƒ�G�Z�K�D�N�[��
optimise heating at the lowest 
possible cost, �Ã�>�`�`�•�ˆ�˜�}���Ì�…�i�“��
�Ü�ˆ�Ì�…���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���“�œ�À�i�� 
�i�Ý�«�i�˜�Ã�ˆ�Û�i���œ�«�Ì�ˆ�œ�˜�Ã�]���Ã�Õ�V�…�� 
�>�Ã���v�Õ�•�•���i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜�°

�(�K�I�W�T�G�����������2�Q�N�K�E�[���Q�X�G�T�X�K�G�Y

11.4  Current policies 
will result in failure 
�V�Q���O�G�G�V���V�J�G���‚�H�V�J��
carbon budget

According to the Committee on Climate Change, 
carbon emissions from buildings in the UK will have  
to fall by 20% by 2030 with options to develop  
near-zero emissions by 2050. In order to deliver  
this, a joined-up strategy is required for both energy 
�G�H�‚�E�K�G�P�E�[���K�P���D�W�K�N�F�K�P�I�U���
�V�Q���T�G�F�W�E�G���V�J�G���F�G�O�C�P�F���H�Q�T���J�G�C�V����
and the supply of low carbon heating into residential 
dwellings and commercial dwellings. 

�‚�Ì���Ì�…�i���V�Õ�À�À�i�˜�Ì���«�>�V�i���œ�v���V�…�>�˜�}�i�]���V�>�À�L�œ�˜���L�Õ�`�}�i�Ì�Ã���Ü�ˆ�•�•���˜�œ�Ì���L�i���“�i�Ì���>�˜�`��
�Ì�…�i�À�i���ˆ�Ã���>���V�•�i�>�À���«�œ�•�ˆ�V�Þ���}�>�«���i�“�i�À�}�ˆ�˜�}���Ì�…�>�Ì���˜�i�i�`�Ã���Ì�œ���L�i���>�`�`�À�i�Ã�Ã�i�`���v�œ�À��
�Ì�…�i���«�>�Ì�…�Ü�>�Þ���Ì�œ���â�i�À�œ���V�>�À�L�œ�˜���Ì�œ���L�i���À�i�>�•�ˆ�Ã�i�`���
�U�G�G���(�K�I�W�T�G���������°���
�˜�i�À�}�Þ��
�˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���V�œ�Õ�•�`���«�•�>�Þ���>�˜���ˆ�˜�Ã�Ì�À�Õ�“�i�˜�Ì�>�•���À�œ�•�i���ˆ�˜���«�À�œ�Û�ˆ�`�ˆ�˜�}��
�i�Û�ˆ�`�i�˜�V�i�]���v�>�V�ˆ�•�ˆ�Ì�>�Ì�ˆ�˜�}���V�…�>�˜�}�i���>�˜�`���ˆ�˜�y�Õ�i�˜�V�ˆ�˜�}���Ì�…�i���Õ�•�Ì�ˆ�“�>�Ì�i�� 
pathway that is taken. 

�(�K�I�W�T�G�����������2�Q�N�K�E�[���I�C�R���T�K�U�M
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Timeframe Short-term:  present – 2021 
Includes the 3rd carbon 
�L�Õ�`�}�i�Ì

Medium-term:  2021-2030 
Includes the 4th and 5th 
�V�>�À�L�œ�˜���L�Õ�`�}�i�Ì�Ã

Long-term:  2030 onwards 
�,�i�µ�Õ�ˆ�À�i�Ã���>�˜���n�ä�¯���À�i�`�Õ�V�Ì�ˆ�œ�˜��
�­�v�À�œ�“���Ì�…�i���£�™�™�ä���L�>�Ã�i�•�ˆ�˜�i�®���ˆ�˜��
carbon emissions by 2050

Policy 
framework

BAU Incentive based Standards based

Overview Policy is likely to include a framework of measures that aim to phase out the 
�ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜���œ�v���…�ˆ�}�…���V�>�À�L�œ�˜���v�œ�Ã�Ã�ˆ�•���v�Õ�i�•���…�i�>�Ì�ˆ�˜�}���>�˜�`���Ã�Õ�«�«�œ�À�Ì���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}��
post 2020. These policies will need to prepare households for standards 
based policy from 2030 onwards.

This is likely to take the form of a 
�Ã�i�µ�Õ�i�˜�Ì�ˆ�>�•���Ì�ˆ�}�…�Ì�i�˜�ˆ�˜�}���œ�v���Ã�Ì�>�˜�`�>�À�`�Ã��
�œ�Û�i�À���Ì�ˆ�“�i���Ü�ˆ�Ì�…���Ì�…�i���>�ˆ�“���v�œ�À���˜�i�>�À���â�i�À�œ��
emissions by 2050.

1 2 3
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11.5  Policies to meet the carbon 
budget can be split into three 
separate time periods

There is a range of policy options between now, 2030 and beyond: if it is assumed 
that the government (and subsequent governments) will stick to the carbon 
budgets, then there is a range of different policy measures that could  
be undertaken. 

Those summarised in �(�K�I�W�T�G���������>�À�i���Ì�…�œ�Ã�i���Ì�…�>�Ì���Ü�ˆ�•�•���L�i���˜�i�V�i�Ã�Ã�>�À�Þ���Ì�œ���“�i�i�Ì���Ì�…�i���V�>�À�L�œ�˜���L�Õ�`�}�i�Ì�Ã�°�����˜���Ì�…�i�� 
�˜�i�>�À���Ì�i�À�“���Ì�…�i�À�i���ˆ�Ã���}�œ�œ�`���Û�ˆ�Ã�ˆ�L�ˆ�•�ˆ�Ì�Þ���œ�v���Ü�…�ˆ�V�…���«�œ�•�ˆ�V�ˆ�i�Ã���Ü�ˆ�•�•���«�•�>�Þ���œ�Õ�Ì�]���…�œ�Ü�i�Û�i�À���v�œ�À���v�Õ�À�Ì�…�i�À���œ�Õ�Ì���ˆ�˜���Ì�…�i���Ì�ˆ�“�i���«�i�À�ˆ�œ�`�Ã�]��
it becomes harder to predict the policy outlook. The information presented here is only relevant to the 
�Ã�Õ�«�«�•�Þ���œ�v���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì���>�˜�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���v�œ�À���À�i�Ã�ˆ�`�i�˜�Ì�ˆ�>�•���L�Õ�ˆ�•�`�ˆ�˜�}�Ã�°���/�…�i���«�œ�•�ˆ�V�ˆ�i�Ã���«�À�i�Ã�i�˜�Ì�i�`���>�À�i��
�…�ˆ�}�…�‡�•�i�Û�i�•���>�˜�`���`�À�>�Ü���…�i�>�Û�ˆ�•�Þ���v�À�œ�“���Ì�…�i���
�œ�“�“�ˆ�Ì�Ì�i�i���œ�˜���
�•�ˆ�“�>�Ì�i���
�…�>�˜�}�i���Ó�ä�£�È���>�˜�`���Ó�ä�£�Ç���À�i�«�œ�À�Ì�Ã�°
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�(�K�I�W�T�G�����������2�Q�N�K�E�K�G�U���V�Q���O�G�G�V���E�C�T�D�Q�P���D�W�F�I�G�V

11.6  The policy outlook 
for hybrid heating 
systems is positive  
�G�U�R�G�E�K�C�N�N�[���F�W�T�K�P�I���V�J�G��
�K�P�E�G�P�V�K�X�G���D�C�U�G�F���R�G�T�K�Q�F

In the short term, unless there is an unexpected 
change, hybrid heating systems will generate no real 
value to networks as customer uptake is unlikely, 
except for off-gas grid homes where running cost 
savings and RHI are attractive and even more so with 
third-party assignment of rights to RHI with investor 
intervention. 

���œ�Ü�i�Û�i�À�]���«�œ�Ã�Ì�‡�Ó�ä�Ó�£���Ü�…�i�˜���Ì�…�i���«�œ�•�ˆ�V�Þ�‡�Ì�ˆ�«�«�ˆ�˜�}���«�œ�ˆ�˜�Ì���…�>�Ã���L�i�i�˜���À�i�>�V�…�i�`��
�>�˜�`���Ì�…�i���i�V�œ�˜�œ�“�ˆ�V�Ã���L�i�V�œ�“�i���“�œ�À�i���v�>�Û�œ�Õ�À�>�L�•�i�]���Ì�…�i�À�i���ˆ�Ã���>���Ã�Ì�À�œ�˜�}��
�œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�Þ���v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���}�À�œ�Ü�Ì�…���>�˜�`���v�œ�À���Ì�…�i���Ì�i�V�…�˜�œ�•�œ�}�Þ���Ì�œ��
�V�œ�˜�Ì�À�ˆ�L�Õ�Ì�i���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���Ì�œ���“�i�i�Ì�ˆ�˜�}���L�œ�Ì�…���Ì�…�i���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�Ã���>�˜�`��
�>�Ã�Ã�ˆ�Ã�Ì�ˆ�˜�}���Ü�ˆ�Ì�…���i�˜�i�À�}�Þ���˜�i�Ì�Ü�œ�À�Ž���V�…�>�•�•�i�˜�}�i�Ã�°��In the longer term, the 
opportunity for smart hybrid heating systems is accentuated by 
the opportunity to decarbonise the gas grid, with green gas and 
hydrogen presenting the most promising future.

Timeframe Short-term:  present – 2021 
���˜�V�•�Õ�`�i�Ã���Ì�…�i���Î�À�`���V�>�À�L�œ�˜���L�Õ�`�}�i�Ì

Medium-term:  2021-2030 
Includes the 4th and 5th carbon 
�L�Õ�`�}�i�Ì�Ã

Long-term:  2030 onwards 
�,�i�µ�Õ�ˆ�À�i�Ã���>�˜���n�ä�¯���À�i�`�Õ�V�Ì�ˆ�œ�˜ 
�­�v�À�œ�“���Ì�…�i���£�™�™�ä���L�>�Ã�i�•�ˆ�˜�i�®���ˆ�˜ 
carbon emissions by 2050

High  
level 
policies

Renewable Heat Incentive

�
�˜�i�À�}�Þ���
�œ�“�«�>�˜�Þ���"�L�•�ˆ�}�>�Ì�ˆ�œ�˜

�-�Ì�>�}�i���£���˜�i�Ü���L�œ�ˆ�•�i�À���Ã�Ì�>�˜�`�>�À�`�Ã

Reform support for low carbon 
heat – attempt to increase customer 
awareness and provide upfront 
payments

�*�À�ˆ�œ�À�ˆ�Ì�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v���•�œ�Ü�‡�À�i�}�À�i�Ì���“�i�>�Ã�Õ�À�i�Ã��
�­�i�°�}�°���L�ˆ�œ�“�i�Ì�…�>�˜�i���Ì�œ���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�]��
�•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì���˜�i�Ì�Ü�œ�À�Ž�Ã���i�Ì�V�°�®��
�Ü�…�i�˜���>�•�•�œ�V�>�Ì�ˆ�˜�}���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì��
support

New support for fuel poor  
�­�i�°�}�°���Ã�Õ�«�«�•�ˆ�i�À���œ�L�•�ˆ�}�>�Ì�ˆ�œ�˜���}�À�>�˜�Ì�Ã�®

�
�“�ˆ�Ã�Ã�ˆ�œ�˜���Ã�Ì�>�˜�`�>�À�`�Ã���­�i�°�}�°���Ž�}�
�"2/m
2�®��

at point of sale and rental of  
�>�•�•���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���…�œ�“�i�Ã

�,�œ�•�•���œ�Õ�Ì���œ�v���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}��
�>�V�À�œ�Ã�Ã���«�À�œ�«�i�À�Ì�ˆ�i�Ã���œ�˜���Ì�…�i���}�>�Ã���}�À�ˆ�`

Overview Policy is likely to include a framework of measures that aim to phase out the 
�ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜���œ�v���…�ˆ�}�…���V�>�À�L�œ�˜���v�œ�Ã�Ã�ˆ�•���v�Õ�i�•���…�i�>�Ì�ˆ�˜�}���>�˜�`���Ã�Õ�«�«�œ�À�Ì���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}��
post 2020. These policies will need to prepare households for standards 
based policy from 2030 onwards.

This is likely to take the form of a 
�Ã�i�µ�Õ�i�˜�Ì�ˆ�>�•���Ì�ˆ�}�…�Ì�i�˜�ˆ�˜�}���œ�v���Ã�Ì�>�˜�`�>�À�`�Ã��
�œ�Û�i�À���Ì�ˆ�“�i���Ü�ˆ�Ì�…���Ì�…�i���>�ˆ�“���v�œ�À���˜�i�>�À���â�i�À�œ��
emissions by 2050.

1 2 3Business as usual period Incentive based period Standards based period
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11.7  Standards based period  
���������s��������

At this stage, the analysis focuses on three potential gas scenarios rather than 
�U�R�G�E�K�‚�E���C�E�V�K�Q�P�U���V�J�C�V���E�C�P���D�G���W�P�F�G�T�V�C�M�G�P�����C�U���R�Q�U�V�������������K�V���K�U���J�C�T�F���V�Q���R�T�G�F�K�E�V���Y�J�C�V��
policies will be in place.

1 1 .   O P E R AT O R  B U S I N E S S  M O D E L S  F O R  H Y B R I D  H E AT I N G  S Y S T E M S

11.8  Scenario 1  
�.�Q�Y���E�C�T�D�Q�P���I�C�U���K�U���W�V�K�N�K�U�G�F���H�Q�T���R�G�C�M�K�P�I

�6�J�G���N�Q�Y���E�C�T�D�Q�P���I�C�U���W�V�K�N�K�U�G�F���H�Q�T���R�G�C�M���J�G�C�V���F�G�O�C�P�F���C�P�F���D�C�E�M�‚�N�N�K�P�I���H�Q�T���V�J�G��
intermittent power-generation scenario can be described as an evolution of 
the gas network rather than a revolution. In this scenario it is assumed that 
�U�V�C�P�F�C�N�Q�P�G���D�Q�K�N�G�T�U���C�T�G���P�Q�V���C���J�G�C�V�K�P�I���U�[�U�V�G�O���Q�R�V�K�Q�P���C�U���V�J�G�[���C�T�G���P�Q�V���G�H�‚�E�K�G�P�V��
enough to meet the required emission standards (kgCO 2/m

2). 

�1�˜�`�i�À���>�•�•���Ã�V�i�˜�>�À�ˆ�œ�Ã���Ì�…�i�À�i���>�À�i���˜�i�Ü���>�˜�`���ˆ�˜�Ì�i�À�i�Ã�Ì�ˆ�˜�}���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã���v�œ�À���i�˜�i�À�}�Þ���˜�i�Ì�Ü�œ�À�Ž�Ã�]���…�œ�Ü�i�Û�i�À���Ì�…�i�À�i���>�À�i��
�>�•�Ã�œ���>���Ü�ˆ�`�i���À�>�˜�}�i���œ�v���À�ˆ�Ã�Ž�Ã�°

Possible revenue stream

A gas connection is still required if utilising the hybrid heating system and gas networks could look to 
develop the following opportunities around domestic heating:

Business as Usual (BAU)

 
�/�…�i���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���>�Ã�Ã�i�Ì���L�>�Ã�i���ˆ�Ã��
utilised and therefore no drastic 
�V�…�>�˜�}�i���ˆ�˜���Ã�Ì�À�>�Ì�i�}�Þ���ˆ�Ã���À�i�µ�Õ�ˆ�À�i�`�°��
���œ�Ü�i�Û�i�À�]���>�•�Ì�…�œ�Õ�}�…���«�i�>�Ž���}�>�Ã��
�Õ�Ã�>�}�i���ˆ�Ã���Õ�˜�•�ˆ�Ž�i�•�Þ���Ì�œ���}�œ���`�œ�Ü�˜�]���ˆ�Ì���ˆ�Ã��
�«�À�œ�L�>�L�•�i���Ì�…�>�Ì���>�˜�˜�Õ�>�•���}�>�Ã���`�i�“�>�˜�`��
will reduce (due to an increased 
�«�À�ˆ�V�i���>�˜�`���V�>�À�L�œ�˜���«�À�i�Ã�Ã�Õ�À�i�®���>�˜�`��
could potentially only be used for 
�«�i�>�Ž���>�˜�`���L�>�V�Ž�w�•�•�ˆ�˜�}���ˆ�˜�Ì�i�À�“�ˆ�Ì�Ì�i�˜�Ì��
�À�i�˜�i�Ü�>�L�•�i�‡�«�œ�Ü�i�À���}�i�˜�i�À�>�Ì�ˆ�œ�˜

���˜���Ì�…�ˆ�Ã���Ã�V�i�˜�>�À�ˆ�œ���}�>�Ã���«�À�ˆ�V�ˆ�˜�}���ˆ�Ã��
important and could potentially 
shift from a per kW connection  
to a fee/subscription model. 

Services

 
These can be broken down  
into two buckets: 

    Services associated  
with the hardware  
�­�i�°�}�°���“�>�ˆ�˜�Ì�i�˜�>�˜�V�i�� 
�>�˜�`���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�®

�� �� �����i�>�Ì�É�i�˜�i�À�}�Þ���>�Ã���>���Ã�i�À�Û�ˆ�V�i

Flexibility  

 
The ability to switch between two 
�`�ˆ�v�v�i�À�i�˜�Ì���v�Õ�i�•�Ã���«�À�i�Ã�i�˜�Ì�Ã���L�i�˜�i�w�Ì�Ã��
�Ì�œ���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���}�À�ˆ�`���>�˜�`���œ�«�i�˜�Ã��
�Õ�«���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã���v�œ�À���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�Ã��
�Ì�œ���œ�v�v�i�À���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�i�À�Û�ˆ�V�i�Ã���Ì�œ��
�Ì�…�i���}�À�ˆ�`���­�«�>�À�Ì�ˆ�V�Õ�•�>�À�•�Þ���`�Õ�À�ˆ�˜�}��
�«�i�>�Ž���Ì�ˆ�“�i�Ã���Ü�…�i�À�i���Ì�…�i���}�>�Ã���«�i�>�Ž��
�`�i�“�>�˜�`���V�>�˜���L�i���Ã�ˆ�Ý���Ì�ˆ�“�i�Ã���>�Ã���…�ˆ�}�…��
�>�Ã���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�>�•���«�i�>�Ž���`�i�“�>�˜�`�®�°

1 2 3

���œ�Ü���V�>�À�L�œ�˜���}�>�Ã���ˆ�Ã���Õ�Ì�ˆ�•�ˆ�Ã�i�`���v�œ�À��
peak heat demand and when 
intermittent renewables are 

�˜�œ�Ì���`�i�•�ˆ�Û�i�À�ˆ�˜�}��

���Þ�`�À�œ�}�i�˜���…�>�Ã���À�i�«�•�>�V�i�`���˜�>�Ì�Õ�À�>�•��
�}�>�Ã���>�Ã���Ì�…�i���«�À�ˆ�“�>�À�Þ���v�Õ�i�•���Ã�œ�Õ�À�V�i�� 

in the UK

�/�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���ˆ�Ã���˜�œ�� 
�•�œ�˜�}�i�À���Õ�Ì�ˆ�•�ˆ�Ã�i�`

The three scenarios are:

Associated risks

���˜���Ì�…�i�Ã�i���Ã�V�i�˜�>�À�ˆ�œ�Ã���ˆ�Ì���ˆ�Ã���>�Ã�Ã�Õ�“�i�`���Ì�…�>�Ì���}�>�Ã���ˆ�Ã���Ã�Ì�ˆ�•�•���À�i�µ�Õ�ˆ�À�i�`���Ì�œ���“�i�i�Ì���`�œ�“�i�Ã�Ì�ˆ�V���…�i�>�Ì���`�i�“�>�˜�`�°�����œ�Ü�i�Û�i�À�]���ˆ�Ì���ˆ�Ã��
�À�i�V�œ�}�˜�ˆ�Ã�i�`���Ì�…�>�Ì���ˆ�v���Ì�…�i���1�����ˆ�Ã���Ì�œ���“�i�i�Ì���ˆ�Ì�Ã���Ó�ä�x�ä���V�>�À�L�œ�˜���Ì�>�À�}�i�Ì�]���L�Õ�ˆ�•�`�ˆ�˜�}���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã���Ü�ˆ�•�•���˜�i�i�`���Ì�œ���L�i���­�>�Ì���•�i�>�Ã�Ì�®��
�˜�i�>�À�•�Þ���â�i�À�œ�°���/�…�Õ�Ã�]���ˆ�v���}�>�Ã���ˆ�Ã���Ì�œ���L�i���Õ�Ã�i�`���ˆ�˜���Ì�…�i���v�Õ�Ì�Õ�À�i���ˆ�Ì���Ü�ˆ�•�•���˜�i�i�`���Ì�œ���L�i���`�i�V�>�À�L�œ�˜�ˆ�Ã�i�`���Ì�œ���>���V�i�À�Ì�>�ˆ�˜���i�Ý�Ì�i�˜�Ì�° 
���v���}�>�Ã���ˆ�Ã���Ã�Õ�V�V�i�Ã�Ã�v�Õ�•�•�Þ���`�i�V�>�À�L�œ�˜�ˆ�Ã�i�`���ˆ�Ì���ˆ�Ã���•�ˆ�Ž�i�•�Þ���Ì�…�>�Ì���Ì�…�i���«�À�ˆ�V�i���Ü�ˆ�•�•���L�i���…�ˆ�}�…���>�˜�`���Ì�…�i�À�i�v�œ�À�i���Ì�…�i�À�i���Ü�ˆ�•�•���L�i���>���Ã�Ì�i�i�«��
�Ã�Õ�«�«�•�Þ���V�Õ�À�Û�i���>�Ã�Ã�œ�V�ˆ�>�Ì�i�`���Ü�ˆ�Ì�…���ˆ�Ì�°���/�…�ˆ�Ã���Ü�ˆ�•�•���•�ˆ�“�ˆ�Ì���ˆ�Ì�Ã���`�i�“�>�˜�`���>�˜�`���Ì�…�i�À�i�v�œ�À�i���À�i�`�Õ�V�i���Ì�…�i���˜�Õ�“�L�i�À���œ�v���`�œ�“�i�Ã�Ì�ˆ�V���}�>�Ã��
�V�œ�˜�˜�i�V�Ì�ˆ�œ�˜�Ã���>�Ã���Ü�i�•�•���>�Ã���Ì�…�i���“�>�˜�˜�i�À���ˆ�˜���Ü�…�ˆ�V�…���}�>�Ã���ˆ�Ã���Õ�Ã�i�`���­�ˆ�°�i�°���ˆ�Ì���Ü�ˆ�•�•���“�œ�Ã�Ì���«�À�œ�L�>�L�•�Þ���L�i���Õ�Ã�i�`���v�œ�À���«�i�>�Ž�ˆ�˜�}���>�˜�`���ˆ�˜��
�Ì�…�i���>�L�Ã�i�˜�V�i���œ�v���Ü�ˆ�˜�Ì�i�À���À�i�˜�i�Ü�>�L�•�i���}�i�˜�i�À�>�Ì�ˆ�œ�˜�®�°���/�…�ˆ�Ã���«�À�i�Ã�i�˜�Ì�Ã���À�ˆ�Ã�Ž�Ã���Ì�œ���Ì�…�i���V�Õ�À�À�i�˜�Ì���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���L�Õ�Ã�ˆ�˜�i�Ã�Ã���“�œ�`�i�•��
�>�˜�`���Ì�…�Õ�Ã���Ü�ˆ�•�•���À�i�µ�Õ�ˆ�À�i���>���À�i�Ã�Ì�À�Õ�V�Ì�Õ�À�ˆ�˜�}���œ�v���Ì�…�i���Ü�>�Þ���}�>�Ã���ˆ�Ã���«�À�ˆ�V�i�`�É�V�…�>�À�}�i�`���v�œ�À���`�œ�“�i�Ã�Ì�ˆ�V���V�œ�˜�Ã�Õ�“�«�Ì�ˆ�œ�˜�°
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11.9  Scenario 2  
�*�[�F�T�Q�I�G�P���K�U���V�J�G���R�T�K�O�C�T�[���H�W�G�N���U�Q�W�T�E�G���K�P���V�J�G���7�-

This scenario can be described as a revolution of the gas network as opposed to 
an evolution. If hydrogen does become the primary fuel source in the UK it could 
have these impacts on heating technologies:

�/�…�i���«�À�ˆ�V�i���œ�v���…�Þ�`�À�œ�}�i�˜���ˆ�Ã���V�œ�“�«�>�À�>�L�•�i���Ì�œ���˜�>�Ì�Õ�À�>�•���}�>�Ã���>�˜�`���ˆ�Ì���ˆ�Ã���Õ�Ã�i�`���ˆ�˜��
�>�L�Õ�˜�`�>�˜�V�i�]���Ì�…�i�À�i�v�œ�À�i���i�˜�`�‡�Õ�Ã�i�À���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���>�À�i���Û�i�À�Þ���Ã�ˆ�“�ˆ�•�>�À���Ì�œ���Ì�…�œ�Ã�i��
in use today.

���Þ�`�À�œ�}�i�˜���ˆ�Ã���i�Ý�«�i�˜�Ã�ˆ�Û�i���>�˜�`���Ì�…�i�À�i�v�œ�À�i���`�i�“�>�˜�`���ˆ�Ã���•�ˆ�“�ˆ�Ì�i�`���Ü�…�ˆ�V�…��
�À�i�Ã�Õ�•�Ì�Ã���ˆ�˜���…�ˆ�}�…���i�v�w�V�ˆ�i�˜�V�Þ���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���­�i�°�}�°���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�®��
�L�i�V�œ�“�ˆ�˜�}���`�œ�“�ˆ�˜�>�˜�Ì�°���7�…�i�˜���V�œ�˜�Ã�ˆ�`�i�À�ˆ�˜�}���Ì�…�i���Ó�ä�x�ä���Ì�>�À�}�i�Ì�Ã���>�˜�`���V�Õ�À�À�i�˜�Ì��
�«�•�>�˜�Ã���v�œ�À���…�Þ�`�À�œ�}�i�˜���L�i�ˆ�˜�}���i�Ý�«�•�œ�À�i�`�]���>���V�œ�˜�Û�i�À�Ã�ˆ�œ�˜���œ�v���£�Ç���V�ˆ�Ì�ˆ�i�Ã���Õ�Ì�ˆ�•�ˆ�Ã�ˆ�˜�}��
�>���˜�i�Ü���…�Þ�`�À�œ�}�i�˜���Ì�À�>�˜�Ã�“�ˆ�Ã�Ã�ˆ�œ�˜���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���>�V�…�ˆ�i�Û�>�L�•�i���L�Þ���Ó�ä�x�ä���>�˜�`���Ã�œ��
�œ�˜�•�Þ���Ã�Õ�«�«�œ�À�Ì�Ã���Ì�…�i���`�i�V�>�À�L�œ�˜�ˆ�Ã�>�Ì�ˆ�œ�˜���œ�v���Ì�…�œ�Ã�i���Õ�À�L�>�˜���>�À�i�>�Ã�]���Ì�…�i�À�i�v�œ�À�i��
�Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���v�œ�À���…�Þ�`�À�œ�}�i�˜���ˆ�Ã���•�ˆ�“�ˆ�Ì�i�`���>�˜�`���ˆ�Ì���ˆ�Ã���Õ�˜�•�ˆ�Ž�i�•�Þ���Ì�œ���L�i���Ì�…�i��
dominant fuel source in the UK by 2050.

Possible revenue stream

There are a number  
of different hydrogen 
opportunities for gas networks 
(plus a number of unknown 
opportunities which will 
develop in the future) which 
can be assessed, with two 
presenting as the most likely:

Business as Usual (BAU) 

 
�‚�Ã���˜�>�Ì�Õ�À�>�•���}�>�Ã���Ü�ˆ�•�•���i�v�v�i�V�Ì�ˆ�Û�i�•�Þ���L�i��
�À�i�«�•�>�V�i�`���L�Þ���…�Þ�`�À�œ�}�i�˜�]���i�˜�`�‡�Õ�Ã�i�À��
�Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���>�À�i���Û�i�À�Þ���Ã�ˆ�“�ˆ�•�>�À��
�Ì�œ���Ì�…�œ�Ã�i���Ì�œ�`�>�Þ�]���Ü�…�ˆ�V�…���˜�i�}�>�Ì�i�Ã��
�Ì�…�i���˜�i�i�`���v�œ�À���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�Ã���Ì�œ��
�Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì�•�Þ���>�•�Ì�i�À���Ì�…�i�ˆ�À���L�Õ�Ã�ˆ�˜�i�Ã�Ã��
�Ã�Ì�À�>�Ì�i�}�Þ�°

Transport  

 
It is possible that electric vehicles 
�Ü�ˆ�•�•���L�i���«�œ�Ü�i�À�i�`���L�Þ���…�Þ�`�À�œ�}�i�˜���v�Õ�i�•��
�V�i�•�•�Ã���>�Ã���œ�«�«�œ�Ã�i�`���Ì�œ���L�>�Ì�Ì�i�À�ˆ�i�Ã�]��
which will further increase the 
�`�i�“�>�˜�`���v�œ�À�]���>�˜�`���Ì�À�>�˜�Ã�«�œ�À�Ì�>�Ì�ˆ�œ�˜��
�œ�v�]���…�Þ�`�À�œ�}�i�˜�°
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11.10  Scenario 3  
�6�J�G���I�C�U���P�G�V�Y�Q�T�M���K�U���P�Q���N�Q�P�I�G�T���W�V�K�N�K�U�G�F

This scenario presents the highest risk to stranding the existing asset base.  
�+�V���E�Q�W�N�F���Q�E�E�W�T���K�H���V�J�G���I�Q�X�G�T�P�O�G�P�V���F�G�E�K�F�G�U���V�Q���R�W�U�J���C�J�G�C�F���Y�K�V�J���C���J�K�I�J���G�N�G�E�V�T�K�‚�E�C�V�K�Q�P��
strategy and aggressively pursue the development of heat networks and electric 
heat pumps. In this scenario there are no possible revenue streams which a 
gas network, under its current mode of operation, could pursue – aside from 
�O�C�K�P�V�C�K�P�K�P�I���V�J�G���P�G�V�Y�Q�T�M���H�Q�T���V�J�G���D�G�P�G�‚�V���Q�H���G�P�G�T�I�[���U�V�Q�T�C�I�G���C�P�F���F�K�U�V�T�K�D�W�V�K�Q�P���V�Q��
local peaking power generation and industrial consumers. Clearly, however, the 
�N�G�C�T�P�K�P�I���H�T�Q�O���V�J�G���(�T�G�G�F�Q�O���2�T�Q�L�G�E�V���J�C�U���K�F�G�P�V�K�‚�G�F���V�J�G���X�C�N�W�G���Q�H���O�C�K�P�V�C�K�P�K�P�I���V�J�G���I�C�U��
network across all pressure tiers.

What should network operators do?

In the short-term it is 
recommended that networks 
continue to provide evidence  
�v�œ�À���Ã�œ�Õ�˜�`���«�œ�•�ˆ�V�Þ���`�i�V�ˆ�Ã�ˆ�œ�˜�‡�“�>�Ž�ˆ�˜�} 
and pursue options which 
�ˆ�˜�V�À�i�>�Ã�i���Ì�…�i���>�Ü�>�À�i�˜�i�Ã�Ã�]��
�Ž�˜�œ�Ü�•�i�`�}�i���>�˜�`���«�i�À�V�i�«�Ì�ˆ�œ�˜��
�œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�°�����˜��
�i�Ã�Ã�i�˜�V�i�]���¼�•�>�Þ�ˆ�˜�}���Ì�…�i���}�À�œ�Õ�˜�`�‡�Ü�œ�À�Ž�½��
for the uptake of hybrids in the 
medium-term.

In the medium-term it is 
recommended that networks take 
action to support the increased 
�Ã�>�•�i�Ã���œ�v���…�Þ�L�À�ˆ�`�Ã�]���Ì�…�i�À�i�L�Þ��
�V�>�«�ˆ�Ì�>�•�ˆ�Ã�ˆ�˜�}���œ�˜���Ì�…�i���}�À�œ�Õ�˜�`�‡�Ü�œ�À�Ž��
laid in the shorter term. This 
action would need to be led by a 
�˜�œ�˜�‡�À�i�}�Õ�•�>�Ì�i�`���Ã�i�V�Ì�ˆ�œ�˜���œ�À���Ã�«�ˆ�˜�‡�œ�v�v��
�L�Õ�Ã�ˆ�˜�i�Ã�Ã���œ�v���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã�]��
�>�˜�`���ˆ�Ì���ˆ�Ã���>�V�Ž�˜�œ�Ü�•�i�`�}�i�`���Ì�…�>�Ì���Ì�…�ˆ�Ã���ˆ�Ã��
a stretch from current operations 
and activities. 

���˜���Ì�…�i���•�œ�˜�}�‡�Ì�i�À�“���Ì�…�i�À�i���ˆ�Ã���…�ˆ�}�…��
�Õ�˜�V�i�À�Ì�>�ˆ�˜�Ì�Þ���À�i�}�>�À�`�ˆ�˜�}���Ì�…�i��
�v�Õ�Ì�Õ�À�i���œ�v���Ì�…�i���}�>�Ã���˜�i�Ì�Ü�œ�À�Ž���>�˜�`��
�Ì�…�i�À�i�v�œ�À�i���˜�œ���Ã�«�i�V�ˆ�w�V���>�V�Ì�ˆ�œ�˜�Ã��
�>�À�i���À�i�V�œ�“�“�i�˜�`�i�`�°�����œ�Ü�i�Û�i�À�]��
possible scenarios and 
�œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�ˆ�i�Ã�]���ˆ�˜�V�•�Õ�`�ˆ�˜�}���>�À�œ�Õ�˜�`��
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�i�À�Û�ˆ�V�i�Ã�]���…�>�Û�i���L�i�i�˜��
�ˆ�`�i�˜�Ì�ˆ�w�i�`�°��

Four key elements that 
�K�P�ƒ�W�G�P�E�G���V�J�G���D�W�U�K�P�G�U�U��
opportunity recommendations: 

    Key aspects of the time 
period ���­�i�°�}�°���>�Ü�>�À�i�˜�i�Ã�Ã���œ�v��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�]��
the economic case 
�v�œ�À���…�Þ�L�À�ˆ�`�Ã�]���i�˜�`�‡�Õ�Ã�i�À��
�`�i�“�>�˜�`���v�œ�À���}�>�Ã�®

    End-user willingness  
�Ì�œ���ˆ�˜�Ì�i�À�>�V�Ì���Ü�ˆ�Ì�…���i�˜�i�À�}�Þ��
networks

    'Value' of the business 
opportunity  (i.e. how 
useful the option is to 
�Õ�Ì�ˆ�•�ˆ�Ã�ˆ�˜�}���Ì�…�i���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���>�Ã�Ã�i�Ì��
�L�>�Ã�i���L�Þ���v�Õ�À�Ì�…�i�À�ˆ�˜�}���Ì�…�i��
�Õ�«�Ì�>�Ž�i���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�>�˜�`���i�˜�Ã�Õ�À�ˆ�˜�}���Ì�…�>�Ì���>��
�`�œ�“�i�Ã�Ì�ˆ�V���}�>�Ã���V�œ�˜�˜�i�V�Ì�ˆ�œ�˜��
is maintained to ensure 
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���ˆ�Ã���>�Û�>�ˆ�•�>�L�•�i���ˆ�˜��
consumers’ homes to 
deliver them lowest  
�V�œ�Ã�Ì���…�i�>�Ì�®

    Ability of network 
operators to execute 
options �­�Ã�Ž�ˆ�•�•�Ã���˜�i�i�`�i�`�]��
resource intensity and 
�>�˜�Þ���À�ˆ�Ã�Ž�Ã�®�°

Associated risks

Reliance on the presence of a CCS network and increasing imports 
of LNG ���q���Ì�…�ˆ�Ã���V�œ�Õ�•�`���•�ˆ�“�ˆ�Ì���Ì�…�i���>�“�œ�Õ�˜�Ì���œ�v���…�Þ�`�À�œ�}�i�˜���Ü�…�ˆ�V�…���V�>�˜���L�i��
�«�À�œ�`�Õ�V�i�`���>�Ã���Ü�i�•�•���>�Ã���«�œ�Ì�i�˜�Ì�ˆ�>�•�•�Þ���À�i�Ã�Õ�•�Ì���ˆ�˜���>���…�ˆ�}�…���…�Þ�`�À�œ�}�i�˜���V�œ�Ã�Ì�°

The upstream market becomes more complicated  – due to the need 
�Ì�œ���Ì�À�>�˜�Ã�v�œ�À�“���i�ˆ�Ì�…�i�À���“�i�Ì�…�>�˜�i���œ�À���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���ˆ�˜�Ì�œ���…�Þ�`�À�œ�}�i�˜�°���/�…�ˆ�Ã���Ã�…�œ�Õ�•�`��
not be a major risk.
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11.11  Summary:  
�0�G�V�Y�Q�T�M���Q�R�G�T�C�V�Q�T���D�W�U�K�P�G�U�U���Q�R�R�Q�T�V�W�P�K�V�K�G�U

Today to 2021 

���˜���Ì�…�i���Ã�…�œ�À�Ì���Ì�i�À�“�]���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���Ã�…�œ�Õ�•�`���v�œ�V�Õ�Ã���œ�˜���L�i�ˆ�˜�}���>���¼�Ì�À�Õ�Ã�Ì�i�`���>�`�Û�ˆ�Ã�œ�À�½���>�˜�`���¼�“�>�À�Ž�i�Ì��
�«�À�œ�“�œ�Ì�i�À�½���>�Ã���Ì�…�i�ˆ�À���L�À�>�˜�`���ˆ�Ã���˜�œ�Ì���•�>�À�}�i�•�Þ���À�i�V�œ�}�˜�ˆ�Ã�i�`���L�Þ���V�Õ�Ã�Ì�œ�“�i�À�Ã�°

�1�˜�Ã�Õ�À�«�À�ˆ�Ã�ˆ�˜�}�•�Þ�]���V�Õ�Ã�Ì�œ�“�i�À�Ã���>�À�i���˜�œ�Ì���>�•�•���v�>�“�ˆ�•�ˆ�>�À���Ü�ˆ�Ì�…���Ì�…�i���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���Ì�…�>�Ì���Ã�i�À�Û�i���Ì�…�i�ˆ�À��
�À�i�}�ˆ�œ�˜�]���Ì�…�i�Þ���`�œ���˜�œ�Ì���Ã�i�•�•���`�ˆ�À�i�V�Ì�•�Þ���Ì�œ���V�Õ�Ã�Ì�œ�“�i�À�Ã���>�˜�`���i�˜�i�À�}�Þ���Ã�Õ�«�«�•�ˆ�i�À�Ã���>�À�i���Ì�…�i���¼�v�>�V�i���œ�v���i�˜�i�À�}�Þ�½��
�v�œ�À���V�Õ�Ã�Ì�œ�“�i�À�Ã�°�����œ�Ü�i�Û�i�À�]���˜�i�Ì�Ü�œ�À�Ž�Ã���…�>�Û�i���>���Õ�˜�ˆ�µ�Õ�i���«�œ�Ã�ˆ�Ì�ˆ�œ�˜�\���Ì�…�i�Þ���…�>�Û�i���Ì�…�i���À�ˆ�}�…�Ì���Ì�œ���À�i�>�V�…���œ�Õ�Ì��
�Ì�œ���>�˜�`���i�˜�}�>�}�i���Ü�ˆ�Ì�…���V�Õ�Ã�Ì�œ�“�i�À�Ã���œ�˜���i�˜�i�À�}�Þ�‡�À�i�•�>�Ì�i�`���Ì�œ�«�ˆ�V�Ã�]���>�˜�`���Ü�ˆ�•�•���˜�œ�Ì���L�i���«�i�À�V�i�ˆ�Û�i�`���>�Ã���¼�Ì�À�Þ�ˆ�˜�}��
�Ì�œ���Ã�i�•�•�½���Ã�œ�“�i�Ì�…�ˆ�˜�}�°��� �i�Ì�Ü�œ�À�Ž�Ã���V�œ�Õ�•�`���•�i�Û�i�À���Ì�…�ˆ�Ã���«�œ�Ã�ˆ�Ì�ˆ�œ�˜���Ì�œ���Ã�…�>�À�i���ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜���Ü�ˆ�Ì�…���V�Õ�Ã�Ì�œ�“�i�À�Ã��
and become a ‘trusted advisor’. Network operators also have access to local installers; 
�Õ�«�Ã�Ž�ˆ�•�•�ˆ�˜�}���ˆ�˜�Ã�Ì�>�•�•�i�À�Ã���>�˜�`���«�À�œ�“�œ�Ì�ˆ�˜�}���•�œ�Ü�i�À���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���Ì�œ���Ì�…�i�“���ˆ�Ã���V�À�ˆ�Ì�ˆ�V�>�•��
�}�ˆ�Û�i�˜���Ì�…�i���V�i�˜�Ì�À�>�•���À�œ�•�i���ˆ�˜�Ã�Ì�>�•�•�i�À�Ã���«�•�>�Þ���ˆ�˜���Ì�…�i���Ã�>�•�i�Ã���•�œ�Õ�À�˜�i�Þ���v�œ�À���…�i�>�Ì�ˆ�˜�}�°��

2021 to 2030

���˜���Ì�…�i���“�i�`�ˆ�Õ�“���Ì�i�À�“���Ì�…�i�À�i���ˆ�Ã���>���L�ˆ�}���œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�Þ���v�œ�À���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã�°���"�«�i�À�>�Ì�œ�À�Ã���V�œ�Õ�•�`��
�L�i���«�ˆ�Û�œ�Ì�>�•���ˆ�˜���Ì�…�ˆ�Ã���ˆ�v���Ì�…�i�Þ���>�À�i���>�L�•�i���Ì�œ���Ã�Õ�«�«�œ�À�Ì���Ì�…�À�œ�Õ�}�…���Õ�˜�À�i�}�Õ�•�>�Ì�i�`���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã���œ�À���Ã�«�ˆ�˜�‡�œ�v�v��
businesses.

�/�…�i���«�i�À�ˆ�œ�`���Ì�œ���Ó�ä�Î�ä���ˆ�Ã���Ì�…�i���V�À�ˆ�Ì�ˆ�V�>�•���Ì�ˆ�“�i���v�œ�À���“�>�À�Ž�i�Ì���V�À�i�>�Ì�ˆ�œ�˜���v�œ�À���…�Þ�L�À�ˆ�`�Ã�°���/�…�i���i�“�i�À�}�i�˜�V�i���œ�v��
�`�ˆ�Ã�À�Õ�«�Ì�ˆ�Û�i���L�Õ�Ã�ˆ�˜�i�Ã�Ã���“�œ�`�i�•�Ã���>�À�i���i�Ý�«�i�V�Ì�i�`���ˆ�˜���Ì�…�ˆ�Ã���Ì�ˆ�“�i���«�i�À�ˆ�œ�`�]���Ü�…�ˆ�V�…���Ü�ˆ�•�•���“�>�Ž�i���Ì�…�i���V�Õ�Ã�Ì�œ�“�i�À��
�«�À�œ�«�œ�Ã�ˆ�Ì�ˆ�œ�˜���v�œ�À���…�Þ�L�À�ˆ�`�Ã���“�œ�À�i���>�Ì�Ì�À�>�V�Ì�ˆ�Û�i���>�Ã���…�i�>�Ì�ˆ�˜�}���Ì�À�>�˜�Ã�ˆ�Ì�ˆ�œ�˜�Ã���v�À�œ�“���¼�œ�•�`�½���Ì�œ���¼�˜�i�Ü�½���i�˜�i�À�}�Þ�°��
�-�ˆ�}�˜�ˆ�w�V�>�˜�Ì���Õ�«�Ì�>�Ž�i���œ�v���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ü�œ�Õ�•�`���Ã�i�V�Õ�À�i���>���À�œ�•�i���v�œ�À���}�>�Ã���ˆ�˜���Ì�…�i���•�œ�˜�}�i�À���Ì�i�À�“���­�>�Ã���Ü�i�•�•��
�>�Ã���«�À�œ�Û�ˆ�`�i���L�i�˜�i�w�Ì�Ã���v�œ�À���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���˜�i�Ì�Ü�œ�À�Ž�Ã�®���Ã�œ���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���˜�i�i�`���Ì�œ���>�V�Ì�°���‚�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã��
�V�œ�Õ�•�`���À�>�˜�}�i���v�À�œ�“���Ì�…�œ�Ã�i���i�>�Ã�ˆ�i�À���Ì�œ���`�œ�]���v�œ�À���i�Ý�>�“�«�•�i�]���•�ˆ�Ž�i���Ì�>�Ž�ˆ�˜�}���>�˜���>�`�Û�ˆ�Ã�œ�À�Þ���À�œ�•�i�]���Ì�œ���˜�i�Ì�Ü�œ�À�Ž�Ã��
�Õ�Ã�ˆ�˜�}���À�i�Ã�œ�Õ�À�V�i�Ã���>�˜�`���w�˜�>�˜�V�i���v�À�œ�“���ˆ�Ì�Ã���Õ�˜�À�i�}�Õ�•�>�Ì�i�`���L�Õ�Ã�ˆ�˜�i�Ã�Ã�]���œ�À���L�Õ�Ã�ˆ�˜�i�Ã�Ã���Ã�«�ˆ�˜�‡�œ�v�v�Ã�]���Ì�œ���ˆ�˜�Û�i�Ã�Ì���ˆ�˜��
�“�>�À�Ž�i�Ì���V�À�i�>�Ì�ˆ�œ�˜���>�V�Ì�ˆ�Û�ˆ�Ì�ˆ�i�Ã�]���•�ˆ�Ž�i���«�À�œ�Û�ˆ�`�ˆ�˜�}���Ì�À�>�ˆ�˜�ˆ�˜�}���œ�À���i�Û�i�˜���œ�«�i�˜�ˆ�˜�}���>���¼�Ã�…�œ�Ü�À�œ�œ�“�½���Ì�œ���i�˜�}�>�}�i��
�V�Õ�Ã�Ì�œ�“�i�À�Ã���œ�˜���Ì�…�i���À�œ�•�i���œ�v���•�œ�Ü���V�>�À�L�œ�˜���…�i�>�Ì�ˆ�˜�}���ˆ�˜���Ì�…�i���v�Õ�Ì�Õ�À�i���…�œ�“�i���ˆ�˜���>���Ã�ˆ�“�ˆ�•�>�À���…�ˆ�}�…���Ã�Ì�À�i�i�Ì��
�«�œ�Ã�ˆ�Ì�ˆ�œ�˜���i�Ý�«�•�œ�ˆ�Ì�i�`���L�Þ���•�œ�V�>�•���}�>�Ã���Õ�˜�`�i�À�Ì�>�Ž�ˆ�˜�}�Ã���ˆ�˜���Ì�…�i���`�>�Þ�Ã���œ�v���Ì�œ�Ü�˜���}�>�Ã�°��

2030 and beyond

���˜���Ì�…�i���•�œ�˜�}���Ì�i�À�“���ˆ�Ì���ˆ�Ã���“�Õ�V�…���…�>�À�`�i�À���Ì�œ���«�À�i�`�ˆ�V�Ì���«�œ�•�ˆ�V�Þ�]���L�Õ�Ì���Ì�…�i���v�Õ�Ì�Õ�À�i���À�œ�•�i���œ�v���}�>�Ã���ˆ�Ã���>�˜�Ì�ˆ�V�ˆ�«�>�Ì�i�`��
�Ì�œ���…�>�Û�i���L�i�i�˜���V�•�i�>�À�•�Þ���`�i�w�˜�i�`�°��� �i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���V�œ�Õ�•�`���Ì�>�Ž�i���>���À�œ�•�i���ˆ�˜���Ã�i�À�Û�ˆ�V�i���œ�v�v�i�À�ˆ�˜�}�Ã 
�­�i�°�}�°���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ�®���ˆ�v���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���…�>�Û�i���L�i�V�œ�“�i���Ì�…�i���Ì�i�V�…�˜�œ�•�œ�}�Þ���œ�v���V�…�œ�ˆ�V�i�°

�	�Þ���Ó�ä�Î�ä�]���Ì�…�i���Ì�i�V�…�˜�œ�•�œ�}�Þ���V�…�œ�ˆ�V�i�Ã���œ�v���«�œ�•�ˆ�V�Þ���“�>�Ž�i�À�Ã���Ü�ˆ�•�•���L�i���¼�•�œ�V�Ž�i�`�‡�ˆ�˜�½���>�˜�`���ˆ�Ì���Ã�…�œ�Õ�•�`���L�i��
�i�>�Ã�ˆ�i�À���Ì�œ���«�À�i�`�ˆ�V�Ì���•�œ�˜�}�i�À���Ì�i�À�“���…�œ�Ü���i�˜�`�‡�Õ�Ã�i�À�Ã���Ü�ˆ�•�•���…�i�>�Ì���Ì�…�i�ˆ�À���…�œ�“�i�Ã�°���‚�Ã�Ã�Õ�“�ˆ�˜�}���Ì�…�i���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���“�>�À�Ž�i�Ì���…�>�Ã���Ã�Õ�V�V�i�i�`�i�`�]���ˆ�Ì�Ã���v�Õ�Ì�Õ�À�i���v�À�œ�“���Ì�…�ˆ�Ã���«�œ�ˆ�˜�Ì���œ�˜�Ü�>�À�`�Ã���Ü�ˆ�•�•���L�i���…�ˆ�}�…�•�Þ���•�ˆ�˜�Ž�i�`���Ì�œ��
�Ì�…�i���v�Õ�Ì�Õ�À�i���V�œ�“�«�œ�Ã�ˆ�Ì�ˆ�œ�˜���>�˜�`���À�i�}�ˆ�œ�˜�>�•���É���˜�>�Ì�ˆ�œ�˜�>�•���Õ�Ã�i���œ�v���}�>�Ã�°�����˜���>�•�•���Ì�…�i�Ã�i���Ã�V�i�˜�>�À�ˆ�œ�Ã���Ì�…�i�À�i���ˆ�Ã���Ì�…�i��
�œ�«�«�œ�À�Ì�Õ�˜�ˆ�Ì�Þ���v�œ�À���˜�i�Ì�Ü�œ�À�Ž���œ�«�i�À�>�Ì�œ�À�Ã���Ì�œ���i�Ý�«�•�œ�À�i���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���Ã�i�À�Û�ˆ�V�i���œ�v�v�i�À�ˆ�˜�}�Ã�]���À�>�˜�}�ˆ�˜�}���v�À�œ�“���…�œ�Ü��
�Ì�…�i�Þ���V�…�>�À�}�i���v�œ�À���V�œ�˜�˜�i�V�Ì�ˆ�œ�˜���Ì�œ���Ì�…�i���}�>�Ã���}�À�ˆ�`�]���œ�À���“�>�˜�>�}�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�i�À�Û�ˆ�V�i�Ã���œ�˜���Ì�…�i���˜�i�Ì�Ü�œ�À�Ž�°��

12.  The network 
technical impacts 

2018

2021

2030



1 3 5

1 2 .   T H E  N E T W O R K  T E C H N I C A L  I M PA C T S 

12.1 Introduction

�*�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U���R�T�Q�X�K�F�G���R�Q�V�G�P�V�K�C�N���D�G�P�G�‚�V�U 
to many players in the energy system. 

���Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�œ�“�L�ˆ�˜�i���}�>�Ã���>�˜�`���i�•�i�V�Ì�À�ˆ�V���…�i�>�Ì�ˆ�˜�}���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã��
�i�˜�>�L�•�ˆ�˜�}���i�˜�`�‡�Õ�Ã�i�À���V�Õ�Ã�Ì�œ�“�i�À�Ã���Ì�œ���«�•�>�Þ���>���“�>�•�œ�À���«�>�À�Ì���ˆ�˜���Ì�…�i���i�˜�i�À�}�Þ��
�Ì�À�>�˜�Ã�ˆ�Ì�ˆ�œ�˜���Ü�ˆ�Ì�…���…�œ�“�i�Ã���L�i�V�œ�“�ˆ�˜�}���>�˜���>�}�}�À�i�}�>�Ì�i�`���y�i�Ý�ˆ�L�•�i���•�œ�>�`��
�V�œ�˜�˜�i�V�Ì�ˆ�˜�}���…�i�>�Ì���>�˜�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���i�˜�i�À�}�Þ���Û�i�V�Ì�œ�À�Ã�°��

The Freedom Project trial of 75 smart hybrid heating systems  
�J�C�U���V�G�U�V�G�F���C���T�C�P�I�G���Q�H���R�Q�V�G�P�V�K�C�N���D�G�P�G�‚�V�U���K�P�E�N�W�F�K�P�I����

Hybrid heating 
systems could be a 
major component of 
residential heating 
decarbonisation if the 
value can be levered. 

The results from the trial and 
simulations demonstrate the 
�«�œ�Ì�i�˜�Ì�ˆ�>�•���L�i�˜�i�w�Ì�Ã���Ì�…�>�Ì���•�>�À�}�i��
�Õ�«�Ì�>�Ž�i�Ã���œ�v���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
systems could have in the UK 
�…�œ�Õ�Ã�ˆ�˜�}���Ã�Ì�œ�V�Ž�°���1�˜�`�i�À���V�Õ�À�À�i�˜�Ì��
�“�>�À�Ž�i�Ì���V�œ�˜�`�ˆ�Ì�ˆ�œ�˜�Ã�]���“�œ�`�i�•�•�ˆ�˜�}��
by Delta-ee shows that uptake 
of hybrids is likely to be modest 
�­�•�i�Ã�Ã���Ì�…�>�˜���£�ä�¯���«�i�˜�i�Ì�À�>�Ì�ˆ�œ�˜�®���L�Þ��
�Ó�ä�x�ä���ˆ�v���Ì�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���L�i�˜�i�w�Ì�Ã��
�ˆ�`�i�˜�Ì�ˆ�w�i�`���L�Þ�����“�«�i�À�ˆ�>�•���
�œ�•�•�i�}�i��
are not valued. 

Increasing the uptake 
requires the realisation  
�Q�H���K�F�G�P�V�K�‚�G�F���X�C�N�W�G���U�V�T�G�C�O�U�� 
to be accessible to customers 
from optimisation of the 
energy system:

�/�…�i���Ü�ˆ�`�i���À�>�˜�}�i���œ�v���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“�Ã��
and operation modes means 
�Ì�…�>�Ì���“�>�Ì�V�…�ˆ�˜�}���Ì�i�V�…�˜�œ�•�œ�}�Þ���>�˜�`��
�V�Õ�Ã�Ì�œ�“�i�À���«�À�œ�w�•�i�Ã���ˆ�Ã���ˆ�“�«�œ�À�Ì�>�˜�Ì�°��
�/�…�i���i�Ý�«�i�À�ˆ�“�i�˜�Ì�Ã���Ü�ˆ�Ì�…���œ�«�Ì�ˆ�“�ˆ�Ã�i�`��
�V�œ�˜�Ì�À�œ�•�Ã���ˆ�˜���Ì�…�ˆ�Ã���Ì�À�ˆ�>�•���…�>�Û�i���i�Ý�«�•�œ�À�i�`��
�>���À�>�˜�}�i���œ�v���Ì�…�i�Ã�i���v�>�V�Ì�œ�À�Ã���>�V�À�œ�Ã�Ã��
different customer types. 

Economic value  

�����œ�Ü���V�>�˜���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�«�À�œ�Û�ˆ�`�i���L�i�˜�i�w�Ì�Ã���Ì�œ���>�˜�`���œ�L�Ì�>�ˆ�˜��
�Û�>�•�Õ�i���v�À�œ�“���Ì�…�i���Ü�ˆ�`�i�À���i�˜�i�À�}�Þ��
�Ã�Þ�Ã�Ì�i�“�]���>�˜�`���…�œ�Ü���V�œ�Õ�•�`���Ì�…�ˆ�Ã��

�L�i�˜�i�w�Ì���V�Õ�Ã�Ì�œ�“�i�À�Ã�¶

�0�G�V�Y�Q�T�M���D�G�P�G�‚�V�U�� 

Can hybrids reduce or 
remove the impact of some 
�i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜���œ�v���…�i�>�Ì���œ�˜���Ì�…�i��

electricity distribution networks 
�L�Þ���Õ�Ã�ˆ�˜�}���Ì�…�i���«�i�>�Ž���V�>�«�>�V�ˆ�Ì�Þ���œ�v��

�}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�Ã�¶��

�� �4�G�V�T�Q�‚�V�C�D�K�N�K�V�[�� 

�
�>�˜���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã��
provide a solution to reduce 
�i�˜�i�À�}�Þ���`�i�“�>�˜�`�Ã���>�˜�`���
�"2 

�i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã���v�œ�À���>���•�>�À�}�i���˜�Õ�“�L�i�À��
�œ�v���Ì�…�i���1���½�Ã���œ�•�`�i�À���…�œ�Õ�Ã�ˆ�˜�}���Ã�Ì�œ�V�Ž�]��

�“�i�i�Ì�ˆ�˜�}���V�Õ�Ã�Ì�œ�“�i�À�Ã���…�i�>�Ì�ˆ�˜�}��
needs with minimal additional 

�ˆ�“�«�À�œ�Û�i�“�i�˜�Ì���Ü�œ�À�Ž�Ã�¶��

Gas system  

�1�Ã�ˆ�˜�}���v�Õ�Ì�Õ�À�i���v�œ�À�“�Ã���œ�v���•�œ�Ü��
�V�>�À�L�œ�˜���}�>�Ã���Ã�Õ�V�…���>�Ã���L�ˆ�œ�“�i�Ì�…�>�˜�i�]��

�	�ˆ�œ�-� ���]���Ã�Þ�˜�Ì�…�i�Ã�ˆ�Ã���}�>�Ã���œ�À��
�…�Þ�`�À�œ�}�i�˜���Ü�…�i�˜���˜�i�i�`�i�`���Ì�œ��
�“�i�i�Ì���«�i�>�Ž���Ü�ˆ�˜�Ì�i�À���…�i�>�Ì�ˆ�˜�}��

�`�i�“�>�˜�`�Ã���>�˜�`���`�Õ�À�ˆ�˜�}���Ì�ˆ�“�i�Ã��
of low renewable power 

�}�i�˜�i�À�>�Ì�ˆ�œ�˜���œ�Õ�Ì�«�Õ�Ì�]���`�À�>�Ü�ˆ�˜�}���œ�˜��
�Ì�…�i���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���«�i�>�Ž���V�>�«�>�V�ˆ�Ì�Þ���œ�v��
�Ì�…�i���}�>�Ã���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�Ã�°��

Electricity system  

�*�>�À�Ì�ˆ�>�•���i�•�i�V�Ì�À�ˆ�w�V�>�Ì�ˆ�œ�˜���œ�v���…�i�>�Ì��
�>�•�•�œ�Ü�ˆ�˜�}���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���
�"2 

�À�i�`�Õ�V�Ì�ˆ�œ�˜�Ã���ˆ�˜���À�i�Ã�ˆ�`�i�˜�Ì�ˆ�>�•���…�i�>�Ì�ˆ�˜�}��
from low carbon electricity and 

�“�œ�`�ˆ�v�Þ�ˆ�˜�}���…�i�>�Ì�ˆ�˜�}���•�œ�>�`�Ã���Ì�œ��
�“�>�Ý�ˆ�“�ˆ�Ã�i���Õ�Ã�i���œ�v���Ì�…�i���i�Ý�ˆ�Ã�Ì�ˆ�˜�}��

capacity in distribution networks 
and avoid reinforcements to 

meet peak demand. 

Current market drivers are not 
�Ã�Õ�v�w�V�ˆ�i�˜�Ì�•�Þ���Ã�Ì�À�œ�˜�}���œ�À���v�œ�V�Õ�Ã�Ã�i�`��
on cross-vector operation to 
stimulate the market for smart 
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}�°���
�…�>�˜�}�i�Ã���ˆ�˜��
�i�˜�i�À�}�Þ���«�œ�•�ˆ�V�Þ���V�œ�“�L�ˆ�˜�i�`���Ü�ˆ�Ì�…��
new business models could 
�…�i�•�«���`�À�ˆ�Û�i���Ì�…�i���“�>�À�Ž�i�Ì���Ì�œ���•�>�À�}�i�À��
scales of deployment.  
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The trial results demonstrate that optimised control of hybrid heating 
systems can help manage and limit additional loads on the electricity 
distribution networks. 

�
�œ�˜�Û�i�˜�Ì�ˆ�œ�˜�>�•���>�ˆ�À���Ã�œ�Õ�À�V�i���…�i�>�Ì���«�Õ�“�«�Ã���V�œ�Õ�•�`���ˆ�˜�V�À�i�>�Ã�i���•�œ�>�`�Ã���L�Þ���>�«�«�À�œ�Ý�°���Ó���q���Ó�°�x���Ž�7���«�i�À���…�œ�Õ�Ã�i���ˆ�˜���>���Ì�Þ�«�ˆ�V�>�•��
�Ü�ˆ�˜�Ì�i�À�]���À�ˆ�Ã�ˆ�˜�}���Ì�œ���x���Ž�7���ˆ�˜���i�Ý�Ì�À�i�“�i���Ü�ˆ�˜�Ì�i�À���i�Û�i�˜�Ì�Ã�°���/�…�ˆ�Ã���Ü�œ�Õ�•�`���À�i�µ�Õ�ˆ�À�i���“�>�•�œ�À���À�i�ˆ�˜�v�œ�À�V�i�“�i�˜�Ì�°����

The trial results demonstrate that smart hybrids can be operated to minimise or prevent any additional 
peak loads on the electricity networks: 

•   Energy cost drivers ���/�…�i���Ì�À�ˆ�>�•���…�>�Ã���i�Ý�>�“�ˆ�˜�i�`���>���˜�Õ�“�L�i�À���œ�v���`�ˆ�v�v�i�À�i�˜�Ì���v�Õ�Ì�Õ�À�i���i�˜�i�À�}�Þ���«�À�ˆ�V�i���Ã�V�i�˜�>�À�ˆ�œ�Ã��
and tariff structures which drive the control system and determine when the heat pump or boiler 
operates. Time-of-use tariffs demonstrated the ability of a relatively simple mechanism to control 
�•�œ�>�`�Ã���>�˜�`���“�ˆ�Ì�ˆ�}�>�Ì�i���>�˜�Þ���>�`�`�ˆ�Ì�ˆ�œ�˜�>�•���«�i�>�Ž���ˆ�“�«�>�V�Ì�Ã���œ�˜���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���˜�i�Ì�Ü�œ�À�Ž�Ã���
�U�G�G���(�K�I�W�T�G��������. 

•   Network constraint drivers ���‚�}�}�À�i�}�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i���V�œ�˜�Ì�À�œ�•���Ã�Þ�Ã�Ì�i�“�Ã���Ü�ˆ�Ì�…���œ�Û�i�À�>�•�•���˜�i�Ì�Ü�œ�À�Ž���V�>�«�>�V�ˆ�Ì�Þ��
constraints applied demonstrated the ability of the control system to maintain use of the heat 
�«�Õ�“�«�Ã���v�œ�À���…�i�>�Ì���`�i�•�ˆ�Û�i�À�Þ�]���L�Õ�Ì���Ü�ˆ�Ì�…���Ã�…�ˆ�v�Ì�ˆ�˜�}���œ�v���œ�«�i�À�>�Ì�ˆ�œ�˜���œ�Õ�Ì�Ã�ˆ�`�i���Ì�…�i���«�i�>�Ž���«�i�À�ˆ�œ�`�Ã�°
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�(�K�I�W�T�G�����������'�E�Q�P�Q�O�[�������V�C�T�K�H�H

�6�J�G���W�U�G���Q�H���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O�U���E�Q�W�N�F���J�C�X�G���C���U�K�I�P�K�‚�E�C�P�V���E�Q�U�V���D�G�P�G�‚�V���V�Q��
consumers. 

� �i�Ì�Ü�œ�À�Ž���“�œ�`�i�•�•�ˆ�˜�}���œ�v���Ì�…�i���-�œ�Õ�Ì�…���7�>�•�i�Ã���>�À�i�>���Õ�˜�`�i�À���`�ˆ�v�v�i�À�i�˜�Ì���•�œ�>�`���Ã�V�i�˜�>�À�ˆ�œ�Ã���…�>�Ã���>�Ã�Ã�i�Ã�Ã�i�`���Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•��
reinforcement and cost impacts �
�U�G�G���(�K�I�W�T�G���������°���/�À�>�˜�Ã�•�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i�Ã�i���Õ�«�}�À�>�`�i�Ã���Õ�Ã�ˆ�˜�}���Ì�…�i���Ì�À�ˆ�>�•���•�œ�>�`���`�>�Ì�>��
and different uptake scenarios shows that:

�U�� ���7�ˆ�Ì�…���£�ä�ä�¯���«�i�˜�i�Ì�À�>�Ì�ˆ�œ�˜���œ�v���>�ˆ�À���Ã�œ�Õ�À�V�i���…�i�>�Ì���«�Õ�“�«�Ã�]���V�Õ�Ã�Ì�œ�“�i�À�Ã���Ü�œ�Õ�•�`���«�>�Þ���>�À�œ�Õ�˜�`���Ë�x�ä���«�i�À���Þ�i�>�À���v�œ�À��
�˜�i�Ì�Ü�œ�À�Ž���Õ�«�}�À�>�`�i�Ã�]���Ü�ˆ�Ì�…�œ�Õ�Ì���V�œ�˜�Ã�ˆ�`�i�À�ˆ�˜�}���Ì�…�i���i�Ý�œ�À�L�ˆ�Ì�>�˜�Ì���V�œ�Ã�Ì�Ã���œ�v���Ã�i�>�Ã�œ�˜�>�•���Ã�Ì�œ�À�>�}�i���À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã��
– the severity of which depends upon the seasonal performance of different renewable power 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜���Ã�œ�Õ�À�V�i�Ã

•  Smart hybrid heating systems  could reduce this to less than £5 per year if all these systems were 
�V�œ�˜�Ì�À�œ�•�•�i�`���Ì�œ���“�ˆ�˜�ˆ�“�ˆ�Ã�i���ˆ�“�«�>�V�Ì���œ�˜���Ì�…�i���`�ˆ�Ã�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜���˜�i�Ì�Ü�œ�À�Ž�Ã���L�Þ���Õ�Ã�ˆ�˜�}���}�>�Ã���L�œ�ˆ�•�i�À�Ã���>�Ì���«�i�>�Ž���`�i�“�>�˜�`��
times – and eliminate the seasonal storage problem and associated costs from a 
�H�W�N�N�[���G�N�G�E�V�T�K�‚�G�F���U�Q�N�W�V�K�Q�P����

�(�K�I�W�T�G�����������6�G�E�J�P�K�E�C�N���E�Q�P�U�V�T�C�K�P�V�U���G�Z�R�G�T�K�O�G�P�V�U
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Smart hybrids could lever 
around £150 per annum 
per household in energy 
system values. 

�/�…�i���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���«�À�œ�Û�ˆ�`�i�`���L�Þ���…�>�Û�ˆ�˜�}��
�Ì�Ü�œ���…�i�>�Ì���Ã�œ�Õ�À�V�i�Ã�]���V�œ�“�L�ˆ�˜�i�`���Ü�ˆ�Ì�…��
�Ì�…�i���Ì�…�i�À�“�>�•���Ã�Ì�œ�À�>�}�i���ˆ�˜�…�i�À�i�˜�Ì���ˆ�˜��
�L�Õ�ˆ�•�`�ˆ�˜�}�Ã�]���>�•�•�œ�Ü�Ã���>���˜�Õ�“�L�i�À���œ�v��
different system values to be 
obtained. The future value of 
these revenue streams is very 
uncertain and will depend on 
how the market evolves and the 
competition in the market for 
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ã�i�À�Û�ˆ�V�i�Ã�°��

�‚�˜�>�•�Þ�Ã�ˆ�Ã���ˆ�˜���Ì�…�ˆ�Ã���À�i�«�œ�À�Ì���ˆ�`�i�˜�Ì�ˆ�w�i�Ã��
around £150 in additional value 
which may be obtained by each 
�Ã�“�>�À�Ì���V�œ�˜�Ì�À�œ�•�•�i�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�]���Ü�…�ˆ�V�…���ˆ�˜�V�•�Õ�`�i�Ã���Ì�…�i��
�L�i�˜�i�w�Ì�Ã���œ�v���À�i�`�Õ�V�i�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ��
distribution reinforcements  
over conventional air source  
heat pumps �
�U�G�G���(�K�I�W�T�G��������. 
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�(�K�I�W�T�G�����������*�[�D�T�K�F���J�G�C�V�K�P�I���N�K�H�G�E�[�E�N�G���E�Q�U�V�U

Lifecycle costs to households 
are higher for a hybrid system 
than for a gas boiler but lower 
than a conventional ASHP (see 
�(�K�I�W�T�G��������:

�U�� ���/�…�i���i�˜�i�À�}�Þ���L�ˆ�•�•���«�œ�À�Ì�ˆ�œ�˜���­�}�>�Ã��
�>�˜�`���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�®���œ�v���Ì�…�i���>�Û�i�À�>�}�i��
lifecycle costs are very similar 
between the hybrid system 
�>�˜�`���Ì�…�i���}�>�Ã���L�œ�ˆ�•�i�À���V�œ�“�«�>�À�ˆ�Ã�œ�˜

�U�� �����œ�Ü�i�Û�i�À�]���Ì�…�i���•�ˆ�v�i�V�Þ�V�•�i���V�œ�Ã�Ì��
�ˆ�Ã���“�Õ�V�…���•�œ�Ü�i�À���v�œ�À���}�>�Ã���L�œ�ˆ�•�i�À�Ã��
�`�Õ�i���Ì�œ���Ì�…�i���V�>�«�ˆ�Ì�>�•���V�œ�Ã�Ì���“�>�Ž�ˆ�˜�}��
�Õ�«���Ì�…�i���•�>�À�}�i�Ã�Ì���«�À�œ�«�œ�À�Ì�ˆ�œ�˜��
of annualised cost to the 
customer for a hybrid system 
and ASHP

�U�� ���/�…�i���À�i�Û�i�˜�Õ�i���v�À�œ�“���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ��
services is shown to make 
�>���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���V�œ�˜�Ì�À�ˆ�L�Õ�Ì�ˆ�œ�˜��
�Ì�œ���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“�Ã���L�i�ˆ�˜�}��
�i�V�œ�˜�œ�“�ˆ�V�>�•�•�Þ���Û�ˆ�>�L�•�i�]���>�˜�`���Ì�…�i��
additional network costs of 
the hybrid system are shown 
to be much lower than for the 
ASHP solution.

�(�K�I�W�T�G�����������&�Q�O�G�U�V�K�E���J�G�C�V�K�P�I���N�K�H�G�E�[�E�N�G���E�Q�U�V�U���E�Q�O�R�C�T�K�U�Q�P�U
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12.2  How will smart 
hybrid heating 
systems impact  
gas demand? 

�6�J�G���T�G�U�W�N�V�U���H�T�Q�O���V�J�G���U�K�O�W�N�C�V�K�Q�P�U���C�P�F���‚�G�N�F���V�T�K�C�N�U���U�J�Q�Y��
�V�J�C�V���U�O�C�T�V���J�[�D�T�K�F�U���Y�K�N�N���J�C�X�G���C���P�W�O�D�G�T���Q�H���U�K�I�P�K�‚�E�C�P�V��
impacts on gas demand: 

 •  Gas demand will be much 
less predictable in the 
intermediate temperature 
�À�i�}�ˆ�“�i���À�i�«�À�i�Ã�i�˜�Ì�>�Ì�ˆ�Û�i���œ�v���•�>�À�}�i��
�«�>�À�Ì�Ã���œ�v���Ì�…�i���Ã�…�œ�Õ�•�`�i�À���…�i�>�Ì�ˆ�˜�}��
season. 

•  At low temperatures, 
typically less than 0°C, 
existing demand-Composite 
Weather Variable (CWV) 
relationships will hold,  but 
some heat pump operation 
will remain under variable 
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�ˆ�V�i���Ì�>�À�ˆ�v�v�Ã�]��
which provide economic 
opportunities for heat  
pump operation (typically 
�˜�ˆ�}�…�Ì�‡�Ì�ˆ�“�i���Õ�Ã�i�®�°��

•  Individual operation regimes 
�O�C�[���R�T�Q�X�K�F�G���C�P���K�F�G�P�V�K�‚�C�D�N�G��
relationship, ���L�Õ�Ì���>���“�ˆ�Ý���œ�v��
�Ã�Þ�Ã�Ì�i�“�Ã�]���Ì�>�À�ˆ�v�v�Ã���>�˜�`���œ�«�i�À�>�Ì�ˆ�œ�˜��
in different house types means 
that the level of diversity 
�Ü�ˆ�•�•���L�i���•�>�À�}�i�]���Ü�ˆ�Ì�…���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì��
uncertainty in forecast 
demand �
�U�G�G���(�K�I�W�T�G��������. 

�/�…�i���Ž�i�Þ���V�…�>�•�•�i�˜�}�i���v�œ�À���v�œ�À�i�V�>�Ã�Ì�ˆ�˜�}��
will be around day-ahead 
�>�˜�>�•�Þ�Ã�ˆ�Ã�°���/�…�i���V�œ�“�«�•�i�Ý�ˆ�Ì�Þ���œ�v���Ì�…�i��
electricity market and the many 
�ˆ�˜�Ì�i�À�•�ˆ�˜�Ž�ˆ�˜�}���v�>�V�Ì�œ�À�Ã���>�˜�`���“�i�Ì�À�ˆ�V�Ã��
�“�i�>�˜���Ì�…�>�Ì���ˆ�`�i�˜�Ì�ˆ�v�Þ�ˆ�˜�}���ˆ�˜�`�ˆ�Û�ˆ�`�Õ�>�•��
metrics and relationships (such as 
�“�>�À�}�ˆ�˜�>�•���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���
�"2 intensity 
�œ�À���`�>�Þ�‡�>�…�i�>�`���«�À�ˆ�V�ˆ�˜�}�®���Ü�ˆ�•�•���L�i��
�V�…�>�•�•�i�˜�}�ˆ�˜�}���>�˜�`���Õ�˜�À�i�•�ˆ�>�L�•�i���>�˜�`���>��
number of new techniques may 
be required.

 

�(�K�I�W�T�G�����������*�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���K�O�R�C�E�V���Q�P���I�C�U���F�G�O�C�P�F
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���ˆ�}�…�i�À���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���«�À�ˆ�V�i�Ã�]���…�ˆ�}�…�i�À��
�“�>�À�}�ˆ�˜�>�•���V�>�À�L�œ�˜���i�“�ˆ�Ã�Ã�ˆ�œ�˜�Ã���œ�v��

electricity and lower heat pump 
�Ã�Þ�Ã�Ì�i�“���i�v�w�V�ˆ�i�˜�V�Þ���­�«�i�À�…�>�«�Ã���Ü�ˆ�Ì�…���>��
�V�œ�•�`���“�œ�À�˜�ˆ�˜�}���Ã�Ì�>�À�Ì�‡�Õ�«�®���Ü�ˆ�•�•���À�i�Ã�Õ�•�Ì��
�ˆ�˜���}�À�i�>�Ì�i�À���}�>�Ã���`�i�“�>�˜�`���>�Ì���…�ˆ�}�…�i�À��

temperatures.

The availability of lower price 
�i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ�]���•�œ�Ü�i�À���“�>�À�}�ˆ�˜�>�•��

carbon emissions of electricity 
and improvements in system 
�i�v�w�V�ˆ�i�˜�V�Þ���Ü�ˆ�•�•���À�i�Ã�Õ�•�Ì���ˆ�˜���>���•�œ�Ü�i�À��

�Ì�i�“�«�i�À�>�Ì�Õ�À�i���Ã�Ü�ˆ�Ì�V�…�œ�Û�i�À���À�i�}�ˆ�“�i�°

Spikes in heat pump or boiler 
output may occur outside of the 
�Ì�À�>�˜�Ã�ˆ�Ì�ˆ�œ�˜���>�À�i�>���`�Õ�i���Ì�œ���i�Ý�Ì�À�i�“�i�Ã��
�ˆ�˜���Ã�Ì�ˆ�“�Õ�•�ˆ���Ã�Õ�V�…���>�Ã���i�Ý�Ì�À�i�“�i���«�À�ˆ�V�i��

or carbon events. These could be 
�Ì�À�ˆ�}�}�i�À�i�`���L�Þ���Û�>�À�ˆ�>�L�•�i���À�>�Ì�i���Ì�>�À�ˆ�v�v�Ã�°

�7�ˆ�Ì�…���>���Ã�i�Ì�«�œ�ˆ�˜�Ì���Ã�Ü�ˆ�Ì�V�…�œ�Û�i�À�]���`�>�ˆ�•�Þ��
�`�i�“�>�˜�`���Ü�ˆ�•�•���Ã�Ì�ˆ�•�•���Û�>�À�Þ���Ã�•�ˆ�}�…�Ì�•�Þ��

�`�i�«�i�˜�`�ˆ�˜�}���œ�˜���`�>�ˆ�•�Þ���…�i�>�Ì���«�À�œ�w�•�i�Ã��
�>�˜�`���Ì�…�i���˜�i�i�`���Ì�œ���Õ�Ã�i���}�>�Ã���L�œ�ˆ�•�i�À�Ã��

for initial boost.  
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13.  Customer 
engagement  

13.1 Introduction 

Throughout the Freedom Project a combination of 
in-depth interviews, focus groups and surveys were 
utilised at various stages of the trial in order to assess 
customer experiences and perceptions of smart hybrid 
heating systems. Delta-ee also completed one GB 
representative survey with its own customer panel.

13.2 Installation feedback 

The majority of installations were problem-free, but there is room for improvement. 

Overall the majority of installations were problem free ���­�Ç�È�¯���œ�v���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã�®��and there was a high level  
of trust of the installer �­�n�x�¯���Ã�Ì�>�Ì�i�`���Ì�…�i�Þ���Ì�À�Õ�Ã�Ì���Ì�…�i�“�®�°�����œ�Ü�i�Û�i�À�]���Ü�…�i�À�i���«�À�œ�L�•�i�“�Ã���Ü�ˆ�Ì�…���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜���>�À�œ�Ã�i�]�� 
�•�i�Ã�Ã���Ì�…�>�˜���Ó�ä�¯���œ�v���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã���Ü�i�À�i���Ã�>�Ì�ˆ�Ã�w�i�`���Ü�ˆ�Ì�…���…�œ�Ü���Ì�…�ˆ�Ã���«�À�œ�L�•�i�“���Ü�>�Ã���À�i�Ã�œ�•�Û�i�`�°���/�…�ˆ�Ã���Ã�Õ�}�}�i�Ã�Ì�Ã���Ì�…�>�Ì�� 
post-installation customer service requires improvement ���
�U�G�G���(�K�I�W�T�G��������. 

�(�K�I�W�T�G�����������%�W�U�V�Q�O�G�T���H�G�G�F�D�C�E�M�����K�P�U�V�C�N�N�C�V�K�Q�P�U��

Yes 22%

No 76%

I don’t know 2%

A majority of installations were problem free with positive 
fedback on the installers and a high level of trust

Q: Did you have any problems during the installation process?

85% Of respondents feel they 
can trust an installer

"Made the 
�i�Ý�«�i�À�ˆ�i�˜�V�i��
stress-free"

"Friendly and 
happy to chat 

about the 
installation"

�¸�����Ü�œ�Õ�•�`���…�ˆ�}�…�•�Þ��
recommend 
them for any 
future work"

Reduce installation time

Minimise hassle and disruption 

Increase instructions on  
how to use the system

However, 1 in 5 installations did have 
issues indicating that there is room  
for improvement
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13.3  Initial customer experience of the 
hybrid heating system is positive 

At the mid-way point, hybrid heating systems had a high approval rating with  
over 60% of respondents stating that their initial trial experience had matched  
their expectation. 

�‚���“�>�•�œ�À�ˆ�Ì�Þ���œ�v���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã���>�•�Ã�œ���Ã�Ì�>�Ì�i�`���Ì�…�>�Ì���Ì�…�i�Þ���Ü�œ�Õ�•�`���À�i�V�œ�“�“�i�˜�`���>���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Ì�œ���Ì�…�i�ˆ�À���v�À�ˆ�i�˜�`�°��
�/�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���i�˜�Û�ˆ�À�œ�˜�“�i�˜�Ì�>�•���v�À�ˆ�i�˜�`�•�ˆ�˜�i�Ã�Ã�]���i�>�Ã�i���œ�v���Õ�Ã�i���>�˜�`���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���…�i�>�Ì�É�V�œ�“�v�œ�À�Ì���>�À�i���Ì�…�i��
�>�Ã�«�i�V�Ì�Ã���œ�v���Ì�…�i���Ã�Þ�Ã�Ì�i�“���“�œ�Ã�Ì���Û�>�•�Õ�i�`�]���>�˜�`���Ì�…�i���À�i�Ã�Õ�•�Ì�Ã���ˆ�˜�`�ˆ�V�>�Ì�i�`���Ì�…�>�Ì���Ì�…�i���•�œ�œ�Ž�Ã���œ�v���Ì�…�i���Ã�Þ�Ã�Ì�i�“�]���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì���>�˜�`��
maintenance are potential customer concerns���
�U�G�G���(�K�I�W�T�G��������.

1 3 .   T H E  C U S T O M E R  E N G A G E M E N T 

�(�K�I�W�T�G�����������%�W�U�V�Q�O�G�T���H�G�G�F�D�C�E�M�����V�J�G���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O

Temperature control was 
a concern for participants, 
and highlights the need for 
ongoing education and support 
– particularly on the heat pump 
operation as part of a hybrid 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�°���/�i�“�«�i�À�>�Ì�Õ�À�i��
control was perceived as 
a problem for some of the 
�«�>�À�Ì�ˆ�V�ˆ�«�>�˜�Ì�Ã���ˆ�˜���Ì�…�i���Ì�À�ˆ�>�•�°���‚�•�Ì�…�œ�Õ�}�…��
�Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ü�i�À�i��
�V�œ�˜�Ã�ˆ�Ã�Ì�i�˜�Ì�•�Þ���À�>�Ì�i�`���…�ˆ�}�…�•�Þ���v�œ�À���Ì�…�i�ˆ�À��

�¿�«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���V�œ�“�v�œ�À�Ì�¿���­�ˆ�˜���Ã�Õ�À�Û�i�Þ��
�Î�]���n�Î�¯���œ�v���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã���Ã�>�ˆ�`���Ì�…�i��
�«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���V�œ�“�v�œ�À�Ì���Ü�>�Ã���¼�}�œ�œ�`��
�Ì�œ���i�Ý�V�i�•�•�i�˜�Ì�½�®�]���Ã�œ�“�i���«�>�À�Ì�ˆ�V�ˆ�«�>�˜�Ì�Ã��
�À�i�«�œ�À�Ì�i�`���…�>�Û�ˆ�˜�}���ˆ�Ã�Ã�Õ�i�Ã���Ü�ˆ�Ì�…���Ì�…�i��
temperature control of their 
�…�i�>�Ì�ˆ�˜�}�°�����˜���«�>�À�Ì�ˆ�V�Õ�•�>�À�]���œ�Û�i�À�…�i�>�Ì�ˆ�˜�}��
�ˆ�˜���Ì�…�i���i�Û�i�˜�ˆ�˜�}�Ã���>�˜�`���>�Ì���˜�ˆ�}�…�Ì�]���>�˜�`��
�L�i�ˆ�˜�}���Ì�œ�œ���V�œ�•�`���>�Ì���Ã�œ�“�i���Ì�ˆ�“�i�Ã���œ�v��
the day. While there were some 
instances where a technical fault 
�Ü�>�Ã���Ì�…�i���V�Õ�•�«�À�ˆ�Ì�]���Ì�…�i���À�i�>�•�ˆ�Ì�Þ���œ�v��

�Ì�…�i���`�>�Ì�>���…�ˆ�}�…�•�ˆ�}�…�Ì�Ã���Ì�…�>�Ì���Ì�…�ˆ�Ã���Ü�>�Ã��
most likely a problem with the 
�…�i�>�Ì�ˆ�˜�}���Ã�V�…�i�`�Õ�•�i���Ã�i�Ì���­�œ�À���˜�œ�Ì���Ã�i�Ì�®��
by the occupants themselves. 
�/�…�ˆ�Ã���…�ˆ�}�…�•�ˆ�}�…�Ì�Ã���Ì�…�>�Ì���V�Õ�Ã�Ì�œ�“�i�À�Ã��
may not have understood how to 
effectively provide the comfort 
levels they wanted with a heat 
pump as part of their hybrid 
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��(see Figure 80). 

Figure 80: Customer feedback: education and support 
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�"�Û�i�À�…�i�>�Ì�ˆ�˜�}���Ü�>�Ã���>���«�À�œ�L�•�i�“���v�œ�À���v�œ�V�Õ�Ã���}�À�œ�Õ�«���«�>�À�Ì�ˆ�V�ˆ�«�>�˜�Ì�Ã���Ü�…�ˆ�V�…���…�ˆ�}�…�•�ˆ�}�…�Ì�Ã���…�œ�Ü���ˆ�“�«�œ�À�Ì�>�˜�Ì�� 
�ˆ�Ì���ˆ�Ã���v�œ�À���V�Õ�Ã�Ì�œ�“�i�À�Ã���Ì�œ���…�>�Û�i���¿�Õ�•�Ì�ˆ�“�>�Ì�i���V�œ�˜�Ì�À�œ�•�¿���œ�v���Ì�…�i�ˆ�À���Ã�Þ�Ã�Ì�i�“�°

�+�P���V�J�G���H�Q�E�W�U���I�T�Q�W�R�U�����C���P�W�O�D�G�T���Q�H���R�C�T�V�K�E�K�R�C�P�V�U���U�C�K�F���Q�X�G�T�J�G�C�V�K�P�I���Y�C�U���C�H�H�G�E�V�K�P�I���V�J�G�O���U�K�I�P�K�‚�E�C�P�V�N�[����
waking them up in the night and impacting on their sleep. In these households they believed this  
was due to: 

�U�� ���*�œ�œ�À���Ã�ˆ�Ì�ˆ�˜�}���œ�v���Ì�…�i���Ì�…�i�À�“�œ�Ã�Ì�>�Ì�]���ˆ�˜���>���V�œ�•�`���>�À�i�>���œ�v���Ì�…�i���…�œ�Õ�Ã�i���­�Ã�Õ�V�…���>�Ã���Ì�…�i���…�>�•�•�Ü�>�Þ�®

�U���� ���>�V�Ž���œ�v���À�i�Ã�«�œ�˜�Ã�ˆ�Û�i�˜�i�Ã�Ã���v�À�œ�“���Ì�…�i���Ì�…�i�À�“�œ�Ã�Ì�>�Ì�]���Ã�œ���Ì�…�i���Ã�i�Ì�‡�«�œ�ˆ�˜�Ì���`�ˆ�v�v�i�À�i�˜�Ì�ˆ�>�•���`�œ�i�Ã���˜�œ�Ì���À�i�Ã�«�œ�˜�`���Ì�œ���Ì�…�i�ˆ�À���ˆ�˜�«�Õ�Ì��

�U���� �	�i�ˆ�˜�}���Ã�i�Ì���ˆ�˜�V�œ�À�À�i�V�Ì�•�Þ�]���œ�À���V�œ�˜�Ì�À�œ�•�•�i�`���>�Ì���Ì�…�>�Ì���Ì�ˆ�“�i���L�Þ���>���Ì�…�ˆ�À�`���«�>�À�Ì�Þ

�/�…�i�Ã�i���«�i�À�V�i�«�Ì�ˆ�œ�˜�Ã���V�>�˜���L�i���V�…�>�•�•�i�˜�}�i�`���L�Þ���Ì�…�i���Ì�À�ˆ�>�•���`�>�Ì�>���ˆ�Ì�Ã�i�•�v���q���ˆ�˜���«�>�À�Ì�ˆ�V�Õ�•�>�À���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
�V�…�>�•�•�i�˜�}�i�`���Õ�Ã�i�À�Ã���i�Ý�«�i�V�Ì�>�Ì�ˆ�œ�˜�Ã���œ�˜���i�˜�i�À�}�Þ���i�v�w�V�ˆ�i�˜�V�Þ���>�˜�`���…�i�>�Ì���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜�°�����œ�À���i�Ý�>�“�«�•�i�]���Ì�…�i�Þ���Ü�i�À�i��
�Õ�˜�V�œ�“�v�œ�À�Ì�>�L�•�i���Ü�ˆ�Ì�…���˜�i�i�`�ˆ�˜�}���Ì�œ���Ã�«�i�V�ˆ�v�Þ���•�œ�˜�}���Ì�i�À�“���V�œ�“�v�œ�À�Ì���ˆ�˜���>�`�Û�>�˜�V�i���­�À�>�Ì�…�i�À���Ì�…�>�˜���À�i�•�Þ�ˆ�˜�}���œ�˜���L�Õ�À�Ã�Ì�Ã���œ�v���…�ˆ�}�…��
�Ì�i�“�«�i�À�>�Ì�Õ�À�i���…�i�>�Ì�®���>�˜�`���«�i�À�V�i�ˆ�Û�i�`���Ì�…�>�Ì���ˆ�v���Ì�…�i���…�i�>�Ì���«�Õ�“�«���Ü�>�Ã���À�Õ�˜�˜�ˆ�˜�}���ˆ�˜���Ì�…�i���L�>�V�Ž�}�À�œ�Õ�˜�`���Ì�…�ˆ�Ã���Ü�>�Ã���i�˜�i�À�}�Þ��
�Ü�>�Ã�Ì�i�`���­�À�>�Ì�…�i�À���Ì�…�>�˜���…�œ�Ü���Ì�œ���œ�«�Ì�ˆ�“�>�•�•�Þ���À�Õ�˜���Ì�…�i���Ã�Þ�Ã�Ì�i�“�®�°��

30-40% of respondents stated 
they sometimes felt too hot or 
too cold. However in a majority 
of cases this does not impact 
on customer satisfaction, and 
the problem was resolved by 
altering the temperature on the 
thermostat or app. 

Only 24% said being too hot or 
being too cold 'bothered' them  
a lot. For everyone else it was not 
a major issue. 

The most common way to deal 
with the problem was to alter the 
temperature with the thermostat 
or the app – this mostly resolved 
the problem (80% of the time) 
�ˆ�˜�`�ˆ�V�>�Ì�ˆ�˜�}���Ì�…�>�Ì���Ã�Þ�Ã�Ì�i�“�Ã���Ü�i�À�i��
�Ü�œ�À�Ž�ˆ�˜�}���V�œ�À�À�i�V�Ì�•�Þ�°���-�œ�“�i���“�œ�À�i��
technical customers also stated 
they would check the app to 
understand why.

The most common rooms where 
�œ�Û�i�À�…�i�>�Ì�ˆ�˜�}���Ü�>�Ã���À�i�«�œ�À�Ì�i�`���Ü�i�À�i���ˆ�˜�� 

�Ì�…�i���L�i�`�À�œ�œ�“�Ã�]���>�Ì���i�Û�i�˜�ˆ�˜�}�� 
�>�˜�`���>�Ì���˜�ˆ�}�…�Ì�°��

The most common rooms where 
�Õ�˜�`�i�À�‡�…�i�>�Ì�ˆ�˜�}���Ü�>�Ã���À�i�«�œ�À�Ì�i�`���Ü�>�Ã��
�Ì�…�i���•�ˆ�Û�ˆ�˜�}���À�œ�œ�“���>�˜�`���`�Õ�À�ˆ�˜�}���Ì�…�i��
�`�>�Þ�]���L�Õ�Ì���Ì�…�i�À�i���Ü�>�Ã���“�Õ�V�…���“�œ�À�i��
�Û�>�À�ˆ�>�Ì�ˆ�œ�˜�Ã�]���>�˜�`���“�œ�À�i���Ì�…�>�Ì���Ã�>�ˆ�`���Ì�…�ˆ�Ã��
affected the whole house. 

�"�Û�i�À�>�•�•���œ�Û�i�À�…�i�>�Ì�ˆ�˜�}���L�œ�Ì�…�i�À�i�`�� 
the respondents more than  
�Õ�˜�`�i�À�‡�…�i�>�Ì�ˆ�˜�}�°��

�"�v���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã���Ã�>�ˆ�`���Ì�…�i�Þ���Ü�œ�Õ�•�`���À�i�V�œ�“�“�i�˜�`���>���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
system to their friend with only 16% stating they would not74%

At the mid-way point, the hybrid heating system has met 
the majority of customer's expectations
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13.4  Running cost savings are  
a concern for participants

Running-cost savings were never included as part of the trial aims –  
�D�W�V���V�J�T�Q�W�I�J�Q�W�V���E�W�U�V�Q�O�G�T�U���J�C�X�G���‚�Z�C�V�G�F���Q�P���V�J�G�O����

�‚�Ã���>���À�i�Ã�Õ�•�Ì�]���Ì�…�ˆ�Ã���…�>�Ã���L�i�i�˜���Ì�…�i���“�œ�Ã�Ì���Õ�˜�Ã�>�Ì�ˆ�Ã�v�>�V�Ì�œ�À�Þ���«�>�À�Ì���œ�v���Ì�…�i���Ì�À�ˆ�>�•���v�œ�À���V�Õ�Ã�Ì�œ�“�i�À�Ã�°���
�…�>�•�•�i�˜�}�ˆ�˜�}���V�Õ�Ã�Ì�œ�“�i�À��
�«�i�À�V�i�«�Ì�ˆ�œ�˜�Ã���œ�˜���Ì�…�i���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì�Ã�]���>�˜�`���i�˜�Ã�Õ�À�ˆ�˜�}���Ì�…�i���À�ˆ�}�…�Ì���ˆ�˜�V�i�˜�Ì�ˆ�Û�i�Ã���>�˜�`���«�À�ˆ�V�i�Ã���>�À�i���ˆ�˜���«�•�>�V�i���v�œ�À���Ã�Õ�V�V�i�Ã�Ã�]���Ü�ˆ�•�•��
�L�i���V�À�ˆ�Ì�ˆ�V�>�•���Ì�œ���•�œ�˜�}�‡�Ì�i�À�“���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Ã�Õ�V�V�i�Ã�Ã���œ�Õ�Ì�Ã�ˆ�`�i���œ�v���Ì�…�i���Ì�À�ˆ�>�•�°���/�…�i���…�ˆ�}�…���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì�Ã���À�i�«�œ�À�Ì�i�`��
by some customers have not been substantiated and also indicate confusion about how customers may 
understand and interpret their bills  (see Figure 81). 

�,�i�Ã�«�œ�˜�`�i�˜�Ì�Ã���>�À�i���V�œ�˜�w�`�i�˜�Ì���Ì�…�i���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���Ü�œ�À�Ž�ˆ�˜�}���V�œ�À�À�i�V�Ì�•�Þ�]���L�Õ�Ì���>�À�i���•�i�Ã�Ã���V�i�À�Ì�>�ˆ�˜���Ì�…�>�Ì���Ì�…�i�Þ���>�À�i���Ã�>�Û�ˆ�˜�}��
�i�˜�i�À�}�Þ���>�˜�`���“�œ�˜�i�Þ���q���Ì�…�ˆ�Ã���…�ˆ�}�…�•�ˆ�}�…�Ì�Ã���>�}�>�ˆ�˜���…�œ�Ü���ˆ�“�«�œ�À�Ì�>�˜�Ì���Ì�…�i���i�V�œ�˜�œ�“�ˆ�V���V�À�ˆ�Ì�i�À�ˆ�>���>�À�i���ˆ�v���V�Õ�Ã�Ì�œ�“�i�À�Ã���>�À�i���Ì�œ���ˆ�˜�Û�i�Ã�Ì��
�ˆ�˜���Ì�…�ˆ�Ã���Ì�i�V�…�˜�œ�•�œ�}�Þ���œ�Õ�Ì�Ã�ˆ�`�i���œ�v���Ì�…�i���Ì�À�ˆ�>�•�°
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Figure 81: Customer feedback: the hybrid heating system
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Money saving and energy saving are linked (as saving 
energy will save you money) and it is here customers 
�C�T�G���N�G�U�U���E�Q�P�‚�F�G�P�V���K�P���V�J�G���U�[�U�V�G�O�	�U���R�G�T�H�Q�T�O�C�P�E�G����

���œ�Ü�i�Û�i�À���Ì�…�i�À�i���>�À�i���>���…�ˆ�}�…���˜�Õ�“�L�i�À���œ�v���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã���Ü�…�œ���`�œ�˜�¿�Ì���Ž�˜�œ�Ü��
�Ü�…�i�Ì�…�i�À���Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���`�i�•�ˆ�Û�i�À�ˆ�˜�}���œ�˜���Ì�…�i�Ã�i���«�œ�ˆ�˜�Ì�Ã���V�œ�“�«�>�À�i�`���Ì�œ���œ�Ì�…�i�À��
�>�À�i�>�Ã�°���/�…�ˆ�Ã���Ã�…�œ�Õ�•�`���˜�œ�Ì���L�i���Ì�>�Ž�i�˜���>�Ã���>���˜�i�}�>�Ì�ˆ�Û�i���À�i�Ã�«�œ�˜�Ã�i�]���L�Õ�Ì���ˆ�Ì���V�œ�Õ�•�`��
indicate that these customers do not understand their bills.

A number of customers stated 
they were seeing big increases 
in their electricity bills  – but did 
�˜�œ�Ì���“�i�˜�Ì�ˆ�œ�˜���>���À�i�`�Õ�V�Ì�ˆ�œ�˜���ˆ�˜���}�>�Ã��
�L�ˆ�•�•�Ã�]���Ì�…�ˆ�Ã���“�ˆ�}�…�Ì���ˆ�˜�`�ˆ�V�>�Ì�i���Ì�…�i�Þ���>�À�i��
�˜�œ�Ì���…�œ�•�ˆ�Ã�Ì�ˆ�V�>�•�•�Þ���•�œ�œ�Ž�ˆ�˜�}���>�Ì���Ì�…�i�ˆ�À��
�L�ˆ�•�•�Ã���Ì�œ�}�i�Ì�…�i�À�°��

One customer said they had 
spent a lot of the 'credit' they 
had accumulated with their 
energy provider, however this 

�Ü�œ�Õ�•�`���L�i���i�Ý�«�i�V�Ì�i�`���>�Ã���`�ˆ�À�i�V�Ì��
debits are set at a level whereby 
you would usually build up a 
�`�i�w�V�ˆ�Ì���Ã�œ���Ì�…�ˆ�Ã���V�œ�Õ�•�`���L�i���L�i�V�>�Õ�Ã�i��
�Ì�…�ˆ�Ã���V�Õ�Ã�Ì�œ�“�i�À���ˆ�Ã���«�>�Þ�ˆ�˜�}���“�œ�À�i��
attention to their bill now. 

In the focus groups customers 
reported bills increasing by 

'£20 a week'  – but it was also 
�V�•�i�>�À���Ì�…�i���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì���Ã�>�Û�ˆ�˜�}�Ã��
�Ì�…�i�Þ���i�Ý�«�i�V�Ì�i�`���Ü�œ�Õ�•�`���L�i���ˆ�˜���Ì�…�i��

�v�Õ�Ì�Õ�À�i���À�>�Ì�…�i�À���Ì�…�>�˜���Ì�œ�`�>�Þ���}�ˆ�Û�i�˜��
this is a trial and this level of cost 
has not been substantiated by 
data. 

The LPG users included in 
the trial already reported 
�U�K�I�P�K�‚�E�C�P�V���T�W�P�P�K�P�I���E�Q�U�V���U�C�X�K�P�I�U 
�Ã�ˆ�˜�V�i���…�>�Û�ˆ�˜�}���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}�� 
system installed.

For example:

The main aim of the trial was to prove the technical ability of a hybrid heating system, ���>�˜�`���>���…�ˆ�}�…��
�•�i�Û�i�•���œ�v���V�œ�˜�w�`�i�˜�V�i���Ì�…�>�Ì���ˆ�Ì���ˆ�Ã���Ü�œ�À�Ž�ˆ�˜�}���>�˜�`���Ü�ˆ�•�•���Ž�i�i�«���Þ�œ�Õ���Ü�>�À�“���ˆ�Ã���>���Ã�Ì�À�œ�˜�}���ˆ�˜�`�ˆ�V�>�Ì�œ�À���Ì�…�>�Ì���Ì�…�i���Ì�À�ˆ�>�•���…�>�Ã���L�i�i�˜��
�Ã�Õ�V�V�i�Ã�Ã�v�Õ�•�°���"�v���Ì�…�i���Ç�x�¯���Ü�…�œ���Ì�…�œ�Õ�}�…�Ì���Ì�…�i���Ã�Þ�Ã�Ì�i�“���Ü�œ�Õ�•�`���Ž�i�i�«���Ì�…�i�“���Ü�>�À�“�]���…�>�•�v���v�i�•�Ì���¸�Û�i�À�Þ���V�œ�˜�w�`�i�˜�Ì�¸���>�L�œ�Õ�Ì��
�Ì�…�ˆ�Ã�°�����˜���Ì�i�À�“�Ã���œ�v���“�i�i�Ì�ˆ�˜�}���V�œ�“�v�œ�À�Ì���V�À�ˆ�Ì�i�À�ˆ�>�]���>���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���V�œ�“�«�>�À�>�L�•�i���Ì�œ���>�˜���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Ü�…�i�˜��
operated correctly.
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13.5  Customer attitudes and 
appeal towards the hybrid 
heating system

During the course of the trial, respondents were mostly positive about the hybrid 
heating system and their experiences with it. Unsurprisingly the up-front and 
running costs would likely be critical barriers to hybrid heating systems outside 
of the trial conditions, so the industry needs to innovate. However there are also 
simpler things, like bundling with an app which could improve customer appeal. 

�"�Û�i�À�>�•�•���«�>�À�Ì�ˆ�V�ˆ�«�>�˜�Ì���Ã�>�Ì�ˆ�Ã�v�>�V�Ì�ˆ�œ�˜���À�i�“�>�ˆ�˜�i�`���V�œ�˜�Ã�ˆ�Ã�Ì�i�˜�Ì�•�Þ���…�ˆ�}�…���Ì�…�À�œ�Õ�}�…�œ�Õ�Ì���Ì�…�i���Ì�À�ˆ�>�•�°���/�…�i���“�>�•�œ�À�ˆ�Ì�Þ���œ�v���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã��
�Ü�œ�Õ�•�`���L�i���•�ˆ�Ž�i�•�Þ���Ì�œ���À�i�V�œ�“�“�i�˜�`���>���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Ì�œ���>���v�À�ˆ�i�˜�`�°
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�������������-�G�[���‚�P�F�K�P�I�U

Ease of use, comfort, reliability and up-front and running costs are the primary 
aspects of a heating system that customers value. The hybrid heating system 
performs well with respect to ease of use and comfort provided but the up-front 
costs and operating costs of hybrid heating systems today are likely too high for 
many customers. 

�/�…�i���>�«�«���Ü�>�Ã���>���Ì�œ�«�‡�À�>�Ì�i�`���v�i�>�Ì�Õ�À�i���œ�v���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���>�Ã���V�Õ�Ã�Ì�œ�“�i�À�Ã���À�i�>�•�•�Þ���•�ˆ�Ž�i�`���Ì�…�i���>�L�ˆ�•�ˆ�Ì�Þ���Ì�œ��
remotely control the system.

�/�…�i���>�i�Ã�Ì�…�i�Ì�ˆ�V�Ã���œ�v���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“���Ã�…�œ�Õ�•�`���˜�œ�Ì���>�V�Ì���>�Ã���>���`�i�Ì�i�À�À�i�˜�Ì���Ì�œ���Õ�«�Ì�>�Ž�i�°���‚�•�Ì�…�œ�Õ�}�…���Ì�…�i�À�i���>�À�i��
�“�ˆ�˜�œ�À���ˆ�“�«�À�œ�Û�i�“�i�˜�Ì�Ã���Ì�…�>�Ì���V�œ�Õ�•�`���L�i���“�>�`�i���Ì�œ���i�Ý�Ì�i�À�˜�>�•���Õ�˜�ˆ�Ì�Ã�]���V�œ�À�À�i�V�Ì���Ã�ˆ�Ì�ˆ�˜�}���œ�v���Ì�…�i���Õ�˜�ˆ�Ì���Ü�>�Ã���“�œ�À�i���ˆ�“�«�œ�À�Ì�>�˜�Ì�°

13.7  Recommendations

Economic factors are key criteria for mass market success and business models 
will be needed in the near term to ensure that hybrid heating systems can offer 
cost-comparable solutions to existing heating systems. 

�/�…�i���À�i�•�ˆ�>�L�ˆ�•�ˆ�Ì�Þ���œ�v���Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���V�À�ˆ�Ì�ˆ�V�>�•�•�Þ���ˆ�“�«�œ�À�Ì�>�˜�Ì�]���«�À�œ�Û�ˆ�`�ˆ�˜�}���“�œ�À�i���`�>�Ì�>���œ�˜���…�œ�Ü���Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���Ü�œ�À�Ž�ˆ�˜�}���“�>�Þ��
�i�˜�Ã�Õ�À�i���Ì�…�>�Ì���V�œ�˜�w�`�i�˜�V�i���œ�˜���Ì�…�ˆ�Ã���«�œ�ˆ�˜�Ì���ˆ�Ã���ˆ�“�«�À�œ�Û�i�`�°�����˜�V�•�Õ�`�ˆ�˜�}���>���Ã�“�>�À�Ì���>�«�«���ˆ�˜���>�˜�Þ���L�Õ�˜�`�•�i���Ü�…�i�˜���>���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“���ˆ�Ã���«�Õ�À�V�…�>�Ã�i�`���Ü�œ�Õ�•�`���ˆ�“�«�À�œ�Û�i���V�Õ�Ã�Ì�œ�“�i�À���V�œ�˜�w�`�i�˜�V�i�]���L�œ�Ì�…���ˆ�˜���Ì�i�À�“�Ã���œ�v���V�œ�˜�Û�i�˜�ˆ�i�˜�V�i���­�>�˜�`���“�>�Ž�ˆ�˜�}���ˆ�Ì��
�“�œ�À�i���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���v�œ�À���Ì�…�i�“�®���>�˜�`���ˆ�˜���À�i�>�Ã�Ã�Õ�À�>�˜�V�i���­�Ã�œ���Ì�…�i�Þ���V�>�˜���Ã�i�i���Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���Ü�œ�À�Ž�ˆ�˜�}���>�Ã���ˆ�Ì���Ã�…�œ�Õ�•�`�®�°�����˜�Û�œ�•�Û�ˆ�˜�}��
�V�Õ�Ã�Ì�œ�“�i�À�Ã���ˆ�˜���Ì�…�i���Ã�ˆ�Ì�ˆ�˜�}���œ�v���Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�Ã���ˆ�“�«�œ�À�Ì�>�˜�Ì���v�œ�À���}�>�ˆ�˜�ˆ�˜�}���>�V�V�i�«�Ì�>�˜�V�i���œ�v���Ì�…�i���œ�Õ�Ì�Ã�ˆ�`�i���Õ�˜�ˆ�Ì���>�˜�`���Ã�…�œ�Õ�•�`���L�i��
standard procedure at installation to improve satisfaction.

13.8  Freedom Project 
participation satisfaction

Overall, participant satisfaction remained consistently high throughout the trial. 
�0�Q���Q�D�X�K�Q�W�U���C�U�R�G�E�V�U���Q�H���V�J�G���J�[�D�T�K�F���J�G�C�V�K�P�I���U�[�U�V�G�O���Y�G�T�G���ƒ�C�Y�G�F�����Y�J�K�E�J���U�J�Q�Y�U���V�J�C�V��
from an operating perspective, as a whole, the product met customers’ needs. 

Customer satisfaction was consistently high for both: �­�£�®���Ì�…�i���`�Õ�À�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i���Ì�À�ˆ�>�•���>�˜�`���­�Ó�®���Ì�…�i���`�ˆ�v�v�i�À�i�˜�Ì��
�>�Ã�«�i�V�Ì�Ã���œ�v���Ì�…�i���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��(see Figure 82)�°���/�…�ˆ�Ã���Ã�…�œ�Ü�Ã���Ì�…�>�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���V�>�˜��
�V�œ�“�«�i�Ì�i���Ü�ˆ�Ì�…���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���ˆ�˜���Ì�i�À�“�Ã���œ�v���“�i�i�Ì�ˆ�˜�}���Ì�…�i���L�>�Ã�ˆ�V���…�i�>�Ì�ˆ�˜�}���>�˜�`���V�œ�“�v�œ�À�Ì���˜�i�i�`�Ã���œ�v��
�V�Õ�Ã�Ì�œ�“�i�À�Ã�]���>�˜�`���ˆ�v���Õ�«�‡�v�À�œ�˜�Ì���>�˜�`���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì�Ã���Ü�i�À�i���>�•�Ã�œ���V�œ�“�«�>�À�>�L�•�i���Ì�…�i�˜���i�Ý�«�i�V�Ì�>�Ì�ˆ�œ�˜�Ã���Ü�œ�Õ�•�`���L�i���v�œ�À��
�“�>�À�Ž�i�Ì���Õ�«�Ì�>�Ž�i���Ì�œ���L�i���À�i�>�Ã�œ�˜�>�L�•�i�°���
�˜�Û�ˆ�À�œ�˜�“�i�˜�Ì�>�•���v�À�ˆ�i�˜�`�•�ˆ�˜�i�Ã�Ã�]���«�À�œ�Û�ˆ�Ã�ˆ�œ�˜���œ�v���…�i�>�Ì�É�V�œ�“�v�œ�À�Ì���>�˜�`���“�>�ˆ�˜�Ì�i�˜�>�˜�V�i��
�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ã���Ü�i�À�i���Ì�…�i���…�ˆ�}�…�i�Ã�Ì���À�>�Ì�i�`�Æ���Ì�…�ˆ�Ã���ˆ�˜�`�ˆ�V�>�Ì�i�Ã���Ì�…�>�Ì���«�œ�Ì�i�˜�Ì�ˆ�>�•�•�Þ���V�Õ�Ã�Ì�œ�“�i�À�Ã���“�ˆ�}�…�Ì���L�i���Ü�ˆ�•�•�ˆ�˜�}���Ì�œ���ˆ�˜�Û�i�Ã�Ì��
�L�>�Ã�i�`���œ�˜���Ì�…�i���¼�}�À�i�i�˜�˜�i�Ã�Ã�½���œ�v���>���«�À�œ�`�Õ�V�Ì�]���…�œ�Ü�i�Û�i�À�]���Ü�i���Ž�˜�œ�Ü���v�À�œ�“���v�Õ�À�Ì�…�i�À���À�i�Ã�i�>�À�V�…���Ì�…�ˆ�Ã���Ü�œ�Õ�•�`���œ�˜�•�Þ���L�i���Ì�…�i��
case if it meets economic criteria too. 

Figure 82: Customer feedback: overall satisfaction
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13.9  Participant expectations 
being met

The hybrid heating system matched respondent expectations less as the trial 
progressed. In survey 1, 75% of respondents stated it met their expectations 
completely or to a certain extent, but by survey 2 and 3 this reduced to 64%.  
While it is positive, a majority still said yes to this question after a longer period  
of use, many more shifted to a “yes to a certain extent” response indicating  
overall that satisfaction was generally lower. 

�/�…�ˆ�Ã���w�˜�`�ˆ�˜�}���>�«�«�i�>�À�Ã���Ì�œ���V�œ�˜�y�ˆ�V�Ì���Ì�…�i���«�œ�Ã�ˆ�Ì�ˆ�Û�i���w�˜�`�ˆ�˜�}�Ã���À�i�«�œ�À�Ì�i�`���Ü�…�i�˜���>�Ã�Ž�i�`���>�L�œ�Õ�Ì���Õ�Ã�i�À�‡�i�Ý�«�i�À�ˆ�i�˜�V�i 
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�•�i�Û�i�•�]���Ã�œ�“�i���V�Õ�Ã�Ì�œ�“�i�À�Ã���“�>�Þ���…�>�Û�i���…�>�`���À�>�ˆ�Ã�i�`���i�Ý�«�i�V�Ì�>�Ì�ˆ�œ�˜�Ã���œ�v���Ì�…�i���Ã�Þ�Ã�Ì�i�“���ˆ�°�i�°���Ì�…�i�Þ���i�Ý�«�i�V�Ì�i�`���Ì�œ���Ã�i�i���“�Õ�V�…��
�L�ˆ�}�}�i�À���V�œ�Ã�Ì���À�i�`�Õ�V�Ì�ˆ�œ�˜�Ã�]���œ�À���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���ˆ�“�«�À�œ�Û�i�“�i�˜�Ì���ˆ�˜���V�œ�“�v�œ�À�Ì���À�>�Ì�…�i�À���Ì�…�>�˜���Ì�…�i�Ã�i���>�Ã�«�i�V�Ì�Ã���¼�•�Õ�Ã�Ì�½���À�i�“�>�ˆ�˜�ˆ�˜�}��
�V�œ�˜�Ã�Ì�>�˜�Ì�É�L�i�…�>�Û�ˆ�˜�}���•�ˆ�Ž�i���Ì�…�i�ˆ�À���«�À�i�Û�ˆ�œ�Õ�Ã���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�°
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Figure 83: How triallists rated their hybrid heating system experience
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�6�J�G���E�J�C�P�I�G���K�P���R�C�T�V�K�E�K�R�C�P�V���U�C�V�K�U�H�C�E�V�K�Q�P���H�Q�T���T�W�P�P�K�P�I���E�Q�U�V���K�U���C�P���K�P�V�G�T�G�U�V�K�P�I���‚�P�F�K�P�I�����+�V���K�U���O�Q�U�V���N�K�M�G�N�[��
explained by high participant expectations for reductions in their heating bill (survey 2) coupled  
with disappointment once they had received their heating bill (survey 3).

This indicates that trial participants might need further information about their anticipated  
running cost savings (if any) into the future, and how to optimise their systems.
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Recommendation:  
explore potential DSR 
opportunity with further 
research, and consider what 
sort of incentives or tariffs it 
could support. 

The survey sample is 
environmentally conscious and 
representative of the UK in terms 
of income and house types.

There have been three survey 
samples to date and all share 
similar characteristics. The 
�>�Û�i�À�>�}�i���À�i�Ã�«�œ�˜�Ã�i���À�>�Ì�i���ˆ�Ã���È�n�¯���œ�v��
�>�•�•���«�>�À�Ì�ˆ�V�ˆ�«�>�˜�Ì�Ã���q���Ì�…�ˆ�Ã���ˆ�Ã���…�ˆ�}�…���L�Þ��
industry standards for this type of 
research. The sample also proved 
�Ì�œ���L�i���V�œ�˜�Ã�ˆ�Ã�Ì�i�˜�Ì�•�Þ���º�}�À�i�i�˜�i�À�»��
�Ì�…�>�˜���>�Û�i�À�>�}�i���1�����…�œ�“�i�œ�Ü�˜�i�À�Ã��
�>�˜�`���Ì�…�i�ˆ�À���i�Ý�«�i�À�ˆ�i�˜�V�i���œ�v���Ì�…�i��
�V�œ�˜�Ì�À�œ�•�Ã���Ã�Õ�}�}�i�Ã�Ì�Ã���Ì�…�>�Ì���Ì�…�i�Þ���“�>�Þ��
�L�i���“�œ�À�i���i�˜�}�>�}�i�`���Ü�ˆ�Ì�…���i�˜�i�À�}�Þ���œ�À��
more likely to be early adopters. 
�‚�•�Ì�…�œ�Õ�}�…���¼�}�À�i�i�˜�½�]���w�˜�>�˜�V�ˆ�>�•��
considerations and reliability of 
�œ�˜�‡�`�i�“�>�˜�`���…�i�>�Ì���Ü�i�À�i���…�ˆ�}�…�i�À��
priorities.

�"�Û�i�À�>�•�•�]���>���“�>�•�œ�À�ˆ�Ì�Þ���œ�v���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã��
had a very positive customer 
�i�Ý�«�i�À�ˆ�i�˜�V�i���Ì�…�À�œ�Õ�}�…�œ�Õ�Ì���Ì�…�i���Ì�À�ˆ�>�•�°��
There are some simple steps 
that could be taken to ensure 
customer satisfaction remains 
�…�ˆ�}�…�]���v�œ�À���i�Ý�>�“�«�•�i�]���i�˜�Ã�Õ�À�ˆ�˜�}���Ì�…�>�Ì��
�i�Û�i�À�Þ�Ì�…�ˆ�˜�}���ˆ�Ã���•�i�v�Ì���Ì�ˆ�`�Þ���L�i�v�œ�À�i���Ì�…�i��
�ˆ�˜�Ã�Ì�>�•�•�i�À���•�i�>�Û�i�Ã���Ì�…�i���…�œ�“�i�]�� 
�>�˜�`���«�À�œ�Û�ˆ�`�ˆ�˜�}���>���v�œ�•�•�œ�Ü�‡�Õ�«���Û�ˆ�Ã�ˆ�Ì�� 
�>�Ã���Ã�Ì�>�˜�`�>�À�`���Ì�œ���V�…�i�V�Ž���i�Û�i�À�Þ�Ì�…�ˆ�˜�}�� 
is ok with the homeowner and 
that they understand how to 
operate it.
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���������������5�W�O�O�C�T�[���Q�H���‚�P�F�K�P�I�U

Shifting customers away from gas boilers being their sole source of space heating 
will be a challenge – customers are overwhelmingly positive about their existing 
heating system. 

���˜���œ�À�`�i�À���v�œ�À���V�Õ�Ã�Ì�œ�“�i�À�Ã���Ì�œ���i�˜�}�>�}�i���Ü�ˆ�Ì�…���Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ì�…�i���Ã�Þ�Ã�Ì�i�“�Ã���“�Õ�Ã�Ì���L�i���>�L�•�i���Ì�œ���V�œ�“�«�i�Ì�i���œ�˜���Ì�…�i��
�«�À�ˆ�œ�À�ˆ�Ì�Þ���>�À�i�>�Ã���œ�v���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì�Ã�]���À�i�•�ˆ�>�L�ˆ�•�ˆ�Ì�Þ���>�˜�`���V�œ�“�v�œ�À�Ì�°���7�…�i�˜���V�œ�“�L�ˆ�˜�i�`���Ü�ˆ�Ì�…���•�œ�Ü���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“���>�Ü�>�À�i�˜�i�Ã�Ã�]��
�Ì�…�i���Ã�V�>�•�i���œ�v���Ì�…�i���V�…�>�•�•�i�˜�}�i���ˆ�Ã���V�•�i�>�À�°���/�…�i�À�i���ˆ�Ã���>���À�i�>�•���˜�i�i�`���v�œ�À���i�`�Õ�V�>�Ì�ˆ�œ�˜���>�“�œ�˜�}���V�Õ�Ã�Ì�œ�“�i�À�Ã�]���>�Ã���Ü�i�•�•���>�Ã���ˆ�˜�Ã�Ì�>�•�•�i�À�Ã��
�­�Ü�…�œ���•�>�À�}�i�•�Þ���…�œ�•�`���Ì�…�i���V�Õ�Ã�Ì�œ�“�i�À���À�i�•�>�Ì�ˆ�œ�˜�Ã�…�ˆ�«�®�°���‚���˜�i�>�À�‡�Ì�i�À�“���œ�«�Ì�ˆ�œ�˜���V�œ�Õ�•�`���L�i���Ì�œ���Ì�>�À�}�i�Ì���œ�v�v�‡�}�>�Ã���…�œ�“�i�œ�Ü�˜�i�À�Ã�]��
�Ü�…�œ���>�À�i���“�œ�À�i���•�ˆ�Ž�i�•�Þ���Ì�œ���L�i���`�ˆ�Ã�Ã�>�Ì�ˆ�Ã�w�i�`���Ü�ˆ�Ì�…���Ì�…�i�ˆ�À���Ã�Þ�Ã�Ì�i�“���­�>�˜�`���Ü�…�i�À�i���Ì�…�i���i�V�œ�˜�œ�“�ˆ�V���V�>�Ã�i���ˆ�Ã���Ã�Ì�À�œ�˜�}�i�À�®���>�Ã���>���L�>�Ã�ˆ�Ã��
�v�œ�À���L�Õ�ˆ�•�`�ˆ�˜�}���i�Ý�«�i�À�Ì�ˆ�Ã�i���>�˜�`���V�Õ�Ã�Ì�œ�“�i�À���“�œ�“�i�˜�Ì�Õ�“�°��

Recommendation:  
a trusted advisor role needs 
�V�Q���D�G���‚�N�N�G�F���V�Q���G�P�I�C�I�G��
customers and installers, 
with off-gas homes being 
the initial target.

�/�…�i���Ì�i�V�…�˜�œ�•�œ�}�Þ���…�>�Ã���L�i�i�˜��
proven and customers were 
�œ�Û�i�À�Ü�…�i�•�“�ˆ�˜�}�•�Þ���«�œ�Ã�ˆ�Ì�ˆ�Û�i���>�L�œ�Õ�Ì��
the Freedom Project hybrid 
system. The trial has proven 
that the installation of hybrids 
�œ�˜���>���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���Ã�V�>�•�i�]���>�˜�`���Ì�…�i��
�•�œ�˜�}�‡�Ì�i�À�“���Õ�Ã�i���>�˜�`���œ�«�i�À�>�Ì�ˆ�œ�˜��
of hybrids in a whole variety 
of house types and customer 
�Ì�Þ�«�i�Ã�]���ˆ�Ã���«�œ�Ã�Ã�ˆ�L�•�i�°�����À�i�i�`�œ�“��
�…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“�Ã���•�>�À�}�i�•�Þ���“�i�Ì���Ì�…�i��
�V�œ�“�v�œ�À�Ì���>�˜�`���À�i�•�ˆ�>�L�ˆ�•�ˆ�Ì�Þ���V�…�>�•�•�i�˜�}�i�]��
and the majority of customers 
�Ü�i�À�i���Ã�>�Ì�ˆ�Ã�w�i�`�°���/�…�i���“�œ�Ã�Ì��
�Ã�>�Ì�ˆ�Ã�w�i�`���V�Õ�Ã�Ì�œ�“�i�À�Ã���i�Ý�«�i�À�ˆ�i�˜�V�i��
�>���…�ˆ�}�…�‡�µ�Õ�>�•�ˆ�Ì�Þ���V�Õ�Ã�Ì�œ�“�i�À���•�œ�Õ�À�˜�i�Þ��
�Ì�…�À�œ�Õ�}�…�œ�Õ�Ì�]���v�À�œ�“���Ì�…�i���ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜��
�>�Ì���«�À�i�‡�Ì�À�ˆ�>�•�]���Ì�œ���Ì�…�i���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜��
�>�˜�`���v�œ�•�•�œ�Ü�‡�Õ�«�Ã�°���/�…�ˆ�Ã���…�ˆ�}�…�•�ˆ�}�…�Ì�Ã��
�…�œ�Ü���ˆ�“�«�œ�À�Ì�>�˜�Ì���ˆ�Ì���ˆ�Ã���Ì�œ���}�i�Ì���Ì�…�i��
�V�Õ�Ã�Ì�œ�“�i�À���•�œ�Õ�À�˜�i�Þ���À�ˆ�}�…�Ì�°���	�Õ�˜�`�•�ˆ�˜�}��
�Ü�ˆ�Ì�…���>�˜���>�«�«���>�•�Ã�œ���«�À�œ�Û�i�`���«�œ�«�Õ�•�>�À�]��
and can support increased 
�V�Õ�Ã�Ì�œ�“�i�À���V�œ�˜�w�`�i�˜�V�i�°��

Recommendation:  
offer an end-to-end service, 
from pre-install to aftersales 
support to ensure customer 
‘peace of mind’. Bundling 
with an app should be 
standard.

Financial criteria are a key priority 
for customers – innovative 
business models will be needed 
for market creation – participants 
were drawn to the trial because 
�Ì�…�i�Þ���Ü�œ�Õ�•�`���}�i�Ì���>���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
�v�œ�À���v�À�i�i�]���L�Õ�Ì���>�•�Ã�œ���L�i�V�>�Õ�Ã�i���Ì�…�i�Þ��
believed they would save money 
�œ�˜���Ì�…�i�ˆ�À���i�˜�i�À�}�Þ���L�ˆ�•�•���­�i�Û�i�˜���Ì�…�œ�Õ�}�…��
this was not a stated aim of the 
�Ì�À�ˆ�>�•�®�°���
�˜�i�À�}�Þ���«�À�ˆ�V�i�Ã���Ì�œ�`�>�Þ���“�>�Ž�i��
�Ì�…�ˆ�Ã���`�ˆ�v�w�V�Õ�•�Ì�]���>�˜�`���Õ�«�‡�v�À�œ�˜�Ì���V�œ�Ã�Ì�Ã��
�>�À�i���…�ˆ�}�…�i�À���Ì�…�>�˜���>���Ã�Ì�>�˜�`�>�À�`���L�œ�ˆ�•�i�À��
replacement so the market will 
�˜�i�i�`���Ì�œ���>�`�`�À�i�Ã�Ã���Ì�…�i�Ã�i���V�…�>�•�•�i�˜�}�i�Ã��
�Ì�œ���V�>�«�Ì�Õ�À�i���V�Õ�Ã�Ì�œ�“�i�À���>�Ì�Ì�i�˜�Ì�ˆ�œ�˜�]��
�>�Ã���ˆ�`�i�˜�Ì�ˆ�w�i�`���L�Þ���7�>�•�i�Ã���E���7�i�Ã�Ì��
�1�Ì�ˆ�•�ˆ�Ì�ˆ�i�Ã�½���Ü�œ�À�Ž���ˆ�˜���	�À�ˆ�`�}�i�˜�`���œ�˜��
�V�Õ�Ã�Ì�œ�“�i�À���Ü�ˆ�•�•�ˆ�˜�}�˜�i�Ã�Ã���>�˜�`���>�L�ˆ�•�ˆ�Ì�Þ��
to pay14. 

Recommendation:  
consider the potential of 
hybrids being supplied for 
free, heat leasing or other 
�K�P�P�Q�X�C�V�K�X�G���‚�P�C�P�E�K�C�N���O�Q�F�G�N�U����

There is an opportunity around 
���i�“�>�˜�`���-�ˆ�`�i���,�i�Ã�«�œ�˜�Ã�i���­���-�,�®��
�Ü�…�ˆ�V�…���˜�i�i�`�Ã���v�Õ�À�Ì�…�i�À���i�Ý�«�•�œ�À�>�Ì�ˆ�œ�˜��
– the trial participants in this 
�À�i�Ã�i�>�À�V�…���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`���>���…�ˆ�}�…��
level of interest in future DSR 
�«�À�œ�«�œ�Ã�ˆ�Ì�ˆ�œ�˜�Ã�]���>�•�Ì�…�œ�Õ�}�…���ˆ�Ì���ˆ�Ã��
�V�•�i�>�À���Ì�…�>�Ì���“�>�˜�Þ���Ã�Ì�À�Õ�}�}�•�i���Ì�œ��
�Õ�˜�`�i�À�Ã�Ì�>�˜�`���Ì�…�i���V�œ�˜�V�i�«�Ì�]���Ã�œ��
there is an education need here 
�Ì�œ�œ�°�����œ�Ü�i�Û�i�À�]���œ�˜�V�i���ˆ�Ì���…�>�`���L�i�i�˜��
�i�Ý�«�•�>�ˆ�˜�i�`�]���À�i�Ã�«�œ�˜�`�i�˜�Ì�Ã���Ü�i�À�i��
�œ�«�i�˜���Ì�œ�����-�,�°���7�ˆ�Ì�…���Ì�…�i���À�ˆ�}�…�Ì��
incentives in place DSR could 
�œ�v�v�i�À���Ã�ˆ�}�˜�ˆ�w�V�>�˜�Ì���˜�i�Ì�Ü�œ�À�Ž���L�i�˜�i�w�Ì�Ã��
and support the creation of 
�ˆ�˜�˜�œ�Û�>�Ì�ˆ�Û�i���i�˜�i�À�}�Þ���Ì�>�À�ˆ�v�v�Ã�]���Ü�…�ˆ�V�…���ˆ�˜��
turn could support hybrid uptake 
�ˆ�v���ˆ�Ì���«�À�œ�Û�ˆ�`�i�Ã���Ì�…�i���À�Õ�˜�˜�ˆ�˜�}���V�œ�Ã�Ì��
�Ã�>�Û�ˆ�˜�}���V�Õ�Ã�Ì�œ�“�i�À�Ã���À�i�µ�Õ�ˆ�À�i���ˆ�˜���œ�À�`�i�À��
to invest. 

14 �Y�Y�Y���Y�Y�W�V�K�N�K�V�K�G�U���E�Q���W�M���O�G�F�K�C�������������K�P�V�G�I�T�C�V�G�F���I�C�U���C�P�F���G�N�G�E�V�T�K�E�K�V�[���P�G�V�Y�Q�T�M�U���U�W�R�R�Q�T�V���V�J�G���L�Q�W�T�P�G�[���R�F�H
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14.1  Installation summary

The main phase of hybrid heating system installation commenced in June 2017 and 
was completed in early October 2017. Typically, a hybrid heating system installation 
was completed in two to three days and an additional day was allocated for the 
installation of the meter and monitoring equipment.

�/�…�i���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜���«�•�>�˜���Ü�>�Ã���`�i�Ã�ˆ�}�˜�i�`���Ì�œ���Ã�Ì�>�À�Ì���Ã�•�œ�Ü�•�Þ���>�˜�`���ˆ�˜�ˆ�Ì�ˆ�>�•�•�Þ���œ�˜�•�Þ���ˆ�˜�Ã�Ì�>�•�•�ˆ�˜�}�����>�Ã�Ì�i�À�/�…�i�À�“���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“���Õ�˜�ˆ�Ì�Ã�Æ���Ì�…�ˆ�Ã���Ü�>�Ã���Ì�œ���i�˜�Ã�Õ�À�i���Ì�…�>�Ì���>�˜�Þ���«�œ�Ì�i�˜�Ì�ˆ�>�•���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜���ˆ�Ã�Ã�Õ�i�Ã���Ü�œ�Õ�•�`���L�i���…�ˆ�}�…�•�ˆ�}�…�Ì�i�`���>�˜�`���V�œ�Õ�•�`���L�i��
�>�`�`�À�i�Ã�Ã�i�`�°���"�˜�V�i���V�œ�˜�w�`�i�˜�Ì���œ�v���ˆ�˜�Ã�Ì�>�•�•�ˆ�˜�}���“�Õ�•�Ì�ˆ�«�•�i���Õ�˜�ˆ�Ì�Ã���œ�v���Ì�…�i�����>�Ã�Ì�i�À�/�…�i�À�“���Õ�˜�ˆ�Ì���Ì�…�i���«�À�œ�}�À�>�“�“�i���`�i�•�ˆ�Û�i�À�i�`���>�˜��
�ˆ�`�i�˜�Ì�ˆ�V�>�•���«�À�œ�V�i�Ã�Ã���Ü�ˆ�Ì�…���Ì�…�i�����>�ˆ�Ž�ˆ�˜���Õ�˜�ˆ�Ì���>�˜�`���i�Û�i�˜�Ì�Õ�>�•�•�Þ���Ì�…�i���Ã�>�“�i���i�Ý�i�À�V�ˆ�Ã�i���Ü�ˆ�Ì�…���Ì�…�i���-�>�“�Ã�Õ�˜�}���Õ�˜�ˆ�Ì�°

�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���i�˜�Ã�Õ�À�i�`���Ì�…�>�Ì���>�•�•���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���V�œ�“�«�•�ˆ�i�`���Ü�ˆ�Ì�…���
�œ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜�����i�Ã�ˆ�}�˜�����>�˜�>�}�i�“�i�˜�Ì���Ó�ä�£�x��
�À�i�}�Õ�•�>�Ì�ˆ�œ�˜�Ã�]���Ì�…�ˆ�Ã���ˆ�˜�V�•�Õ�`�i�`�\���>���«�À�i�‡�V�œ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜���ˆ�˜�v�œ�À�“�>�Ì�ˆ�œ�˜���«�>�V�Ž�]���V�œ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜���«�…�>�Ã�i���«�•�>�˜���>�˜�`���>�«�«�À�œ�«�À�ˆ�>�Ì�i��
�«�À�i�‡�V�œ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜���“�i�i�Ì�ˆ�˜�}�Ã�°���-�ˆ�˜�V�i���Ì�…�i���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���V�œ�“�“�i�˜�V�i�`�]���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���…�>�Ã���…�>�`���Ü�i�i�Ž�•�Þ���À�i�Û�ˆ�i�Ü�Ã���Ü�ˆ�Ì�…��
�>�•�•���Ã�Õ�L�‡�V�œ�˜�Ì�À�>�V�Ì�œ�À�Ã���>�˜�`���Ì�…�i���,�i�}�ˆ�Ã�Ì�i�À�i�`���-�œ�V�ˆ�>�•�����>�˜�`�•�œ�À�`���­�,�-���®���«�>�À�Ì�˜�i�À�]���7�>�•�i�Ã���E���7�i�Ã�Ì�����œ�Õ�Ã�ˆ�˜�}���‚�Ã�Ã�œ�V�ˆ�>�Ì�ˆ�œ�˜��
�­�7�7���‚�®�°

�‚�Ì���Ì�…�i���i�˜�`���œ�v���i�>�V�…���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�]���>���*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���À�i�«�À�i�Ã�i�˜�Ì�>�Ì�ˆ�Û�i���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`���Ì�œ���Ì�…�i���Ì�i�˜�>�˜�Ì�É�…�œ�“�i�œ�Ü�˜�i�À���Ì�…�i��
�*�>�Ã�Ã�ˆ�Û���ˆ�Û�ˆ�˜�}���>�«�«���>�˜�`���>�˜�Ã�Ü�i�À�i�`���>�˜�Þ���µ�Õ�i�Ã�Ì�ˆ�œ�˜�Ã���>�L�œ�Õ�Ì���Ì�…�i���>�«�«���œ�À���«�À�œ�•�i�V�Ì�°

�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���…�>�Ã���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`���Ì�…�>�Ì���ˆ�Ì���ˆ�Ã���v�i�>�Ã�ˆ�L�•�i���Ì�œ���ˆ�˜�Ã�Ì�>�•�•���œ�«�Ì�ˆ�“�ˆ�Ã�i�`���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���>�˜�`���Ã�“�>�À�Ì��
�V�œ�˜�Ì�À�œ�•�Ã���œ�˜���Î���`�ˆ�v�v�i�À�i�˜�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���ˆ�˜���Î�x���«�À�ˆ�Û�>�Ì�i���…�œ�“�i�Ã���>�˜�`���{�ä���Ã�œ�V�ˆ�>�•���…�œ�“�i�Ã�°

�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã���…�>�Ã���`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�`���À�i�Ì�À�œ�w�Ì�Ì�ˆ�˜�}���Ç�x���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�Ã���Ì�œ���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���…�œ�“�i�Ã���Ü�ˆ�Ì�…���Ü�i�Ì���Ã�Þ�Ã�Ì�i�“�Ã�]��
�ˆ�˜�V�•�Õ�`�ˆ�˜�}�Æ���Î���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“�Ã���Ü�ˆ�Ì�…���>���Ã�Þ�Ã�Ì�i�“���L�œ�ˆ�•�i�À���Ã�i�Ì�Õ�«�]���Î���…�Þ�L�À�ˆ�`���Ã�Þ�Ã�Ì�i�“�Ã���˜�œ�Ì���œ�˜���Ì�…�i���}�>�Ã���}�À�ˆ�`���>�˜�`���Õ�Ã�ˆ�˜�}�����*����
�­�
�>�•�œ�À���}�>�Ã�®���>�˜�`���>�˜���‚�-���*���À�i�Ì�À�œ�w�Ì�Ì�i�`���Ì�œ���>�˜���i�Ý�ˆ�Ã�Ì�ˆ�˜�}���L�œ�ˆ�•�i�À���Ì�œ���L�i�V�œ�“�i���>���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�°
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14.  The installation 
of 75 
PassivSystems 
hybrid heating 
systems 
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14.2  Installation contractor  
�
�5�R�K�T�G���4�G�P�G�Y�C�D�N�G�U�����6�J�G�T�O�C�N���'�C�T�V�J�� 
�C�P�F���9�&�5���)�T�G�G�P���'�P�G�T�I�[�����H�G�G�F�D�C�E�M

How easy was it to install  
a hybrid heating system?  

The connection style we used 
to connect the heat pump to 
a new combi boiler made the 
�ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���i�Ý�Ì�À�i�“�i�•�Þ���Ã�ˆ�“�«�•�i���>�˜�`��
�À�i�Ã�Õ�•�Ì�i�`���ˆ�˜���˜�i�}�•�ˆ�}�ˆ�L�•�i���`�œ�Ü�˜�‡�Ì�ˆ�“�i��
�v�œ�À���Ì�…�i���V�œ�˜�Ã�Õ�“�i�À�°���
�Õ�Ì�Ì�ˆ�˜�}���Ì�Ü�œ��
isolators onto the feeds to the 
�…�i�>�Ì���«�Õ�“�«���“�i�>�˜�Ì���Ü�i���V�œ�Õ�•�`���}�i�Ì��
�Ì�…�i���˜�i�Ü���L�œ�ˆ�•�i�À���Õ�«���>�˜�`���À�Õ�˜�˜�ˆ�˜�}��
�œ�˜���Ì�…�i���w�À�Ã�Ì���`�>�Þ���œ�˜�Ã�ˆ�Ì�i���­�«�À�œ�Û�ˆ�`�ˆ�˜�}��
the boiler replacement was 
�Ã�Ì�À�>�ˆ�}�…�Ì�v�œ�À�Ü�>�À�`�®�]���Ü�…�ˆ�•�Ã�Ì���Ã�ˆ�“�«�•�Þ��
�V�œ�˜�˜�i�V�Ì�ˆ�˜�}���>�˜�`���«�œ�Ü�i�À�ˆ�˜�}���œ�˜���Ì�…�i��
heat pump once the electrical 
�“�œ�`�ˆ�w�V�>�Ì�ˆ�œ�˜�Ã���…�>�`���L�i�i�˜���`�œ�˜�i�°�� 
We left the consumer not aware 
of any drop-off in hot water/
�…�i�>�Ì�ˆ�˜�}���«�À�œ�`�Õ�V�Ì�ˆ�œ�˜���Ì�…�À�œ�Õ�}�…�œ�Õ�Ì��
the install process.

What were the challenges  
of installing a hybrid  
heating system? 

���˜�ˆ�Ì�ˆ�>�•�•�Þ���ˆ�Ì���Ü�>�Ã���w�˜�`�ˆ�˜�}���«�À�œ�«�i�À�Ì�ˆ�i�Ã��
�Ü�ˆ�Ì�…���Ã�Õ�v�w�V�ˆ�i�˜�Ì���ˆ�˜�`�œ�œ�À���Ã�«�>�V�i���Ì�œ��
connect the heat pump into the 
boiler – we countered this as the 
�«�À�œ�•�i�V�Ì���«�À�œ�}�À�i�Ã�Ã�i�`���L�Þ���`�i�Ã�ˆ�}�˜�ˆ�˜�}��
a weatherproof enclosure so they 
�V�œ�Õ�•�`���L�i���w�Ì�Ì�i�`���i�Ý�Ì�i�À�˜�>�•�•�Þ�°���/�…�i��
�“�>�ˆ�˜���À�i�Ì�À�œ�w�Ì���V�…�>�•�•�i�˜�}�i�Ã���Ü�i���v�>�V�i�`��
�Ü�i�À�i���ˆ�˜���“�œ�`�ˆ�v�Þ�ˆ�˜�}���Ì�…�i���i�•�i�V�Ì�À�ˆ�V�>�•��
�Ã�Õ�«�«�•�Þ���>�˜�`���À�Õ�˜�˜�ˆ�˜�}���˜�i�Ü���v�i�i�`�Ã��
�v�œ�À���Ì�…�i���…�i�>�Ì���«�Õ�“�«�]���ˆ�˜���Ã�œ�“�i���V�>�Ã�i�Ã��
�Ì�…�À�œ�Õ�}�…���Ì�…�i���V�>�L�•�i�Ã���>�À�œ�Õ�˜�`���Ì�…�i��
�L�Õ�ˆ�•�`�ˆ�˜�}�]���Ü�…�ˆ�V�…���V�œ�Õ�•�`���«�œ�Ã�i���>��
�V�…�>�•�•�i�˜�}�i�°���/�…�ˆ�Ã���Ü�>�Ã���i�Ã�«�i�V�ˆ�>�•�•�Þ��
the case in some properties with 
600mm stone walls and issues 
�Ü�ˆ�Ì�…���V�œ�À�ˆ�˜�}���>�˜�`���Ì�…�i���Ü�ˆ�À�i�•�i�Ã�Ã��
�V�œ�“�“�Õ�˜�ˆ�V�>�Ì�ˆ�œ�˜���i�•�i�“�i�˜�Ì�Ã�]���L�Õ�Ì���>�Ã��
�Ì�…�i���ˆ�˜�Ã�Ì�>�•�•�>�Ì�ˆ�œ�˜�Ã���«�À�œ�}�À�i�Ã�Ã�i�`���Ü�i��

became better and better 
�>�Ì���œ�Û�i�À�V�œ�“�ˆ�˜�}���Ì�…�i�Ã�i���ˆ�Ã�Ã�Õ�i�Ã 
once we learnt the realistic 
�À�>�˜�}�i���œ�v���Ì�…�i���V�œ�“�«�œ�˜�i�˜�Ì�Ã���Ü�i��
�Ü�i�À�i���Ü�œ�À�Ž�ˆ�˜�}���Ü�ˆ�Ì�…�°

�*�Q�Y���F�K�F���[�Q�W���‚�P�F���K�P�U�V�C�N�N�K�P�I�� 
the PassivSystems controls?  

�1�Ã�ˆ�˜�}���>���V�i�˜�Ì�À�>�•�ˆ�Ã�i�`���L�œ�Ý���Ü�…�ˆ�V�…��
housed all of the PassivSystems 
control equipment made the 
connections nice and easy - the 
�Õ�Ã�i���œ�v���Ü�ˆ�À�i�•�i�Ã�Ã���«�>�ˆ�À�ˆ�˜�}���L�i�Ì�Ü�i�i�˜��
the thermostat and the Internet 
via power connections made 
�V�œ�˜�˜�i�V�Ì�ˆ�˜�}���>�•�•���œ�v���Ì�…�i���V�œ�“�«�œ�˜�i�˜�Ì�Ã��
�i�Ý�Ì�À�i�“�i�•�Þ���Ã�ˆ�“�«�•�i�°��

�*�Q�Y���F�K�F���[�Q�W���‚�P�F���G�F�W�E�C�V�K�P�I�� 
the customer on the hybrid 
heating system?  

The process was well-
documented - as the winter 
�«�À�œ�}�À�i�Ã�Ã�i�`���Ü�i���•�i�>�À�˜�Ì���>���•�œ�Ì���>�L�œ�Õ�Ì��
the location of the thermostat 
�ˆ�˜���Ì�…�i���«�À�œ�«�i�À�Ì�Þ���L�i�ˆ�˜�}���Ž�i�Þ���Ì�œ��
�V�Õ�Ã�Ì�œ�“�i�À���Ã�>�Ì�ˆ�Ã�v�>�V�Ì�ˆ�œ�˜�°���
�`�Õ�V�>�Ì�ˆ�˜�}��
the customer on the fact that 
they would have the heat pump 
�À�Õ�˜�˜�ˆ�˜�}���>�Ì���>���Ì�ˆ�“�i���Ü�…�i�À�i���Ì�…�i�Þ��
�…�>�`�˜�¿�Ì���˜�i�V�i�Ã�Ã�>�À�ˆ�•�Þ���>�Ã�Ž�i�`���ˆ�Ì���Ì�œ���À�Õ�˜��
�­�Ü�…�i�À�i���ˆ�Ì���Ü�>�Ã���«�À�i�‡�…�i�>�Ì�ˆ�˜�}���«�À�ˆ�œ�À���Ì�œ��
�>�˜���ˆ�˜�‡�«�i�À�ˆ�œ�`���œ�˜���Ì�…�i���Ì�…�i�À�“�œ�Ã�Ì�>�Ì�®��
�Ü�>�Ã���ˆ�˜�ˆ�Ì�ˆ�>�•�•�Þ���>���V�…�>�•�•�i�˜�}�i���L�Õ�Ì���Ü�i��
�•�i�>�À�˜�Ì���>�Ã���Ì�…�i���Ü�ˆ�˜�Ì�i�À���«�À�œ�}�À�i�Ã�Ã�i�`��
and we resolved a couple of 
issues and re-educated customers 
which fully resolved the issues

�*�Q�Y���F�K�F���[�Q�W���‚�P�F���G�F�W�E�C�V�K�P�I�� 
the customer on the 
PassivSystems controls? 

The app control and access was 
well-received by our customers.

What customer challenges  
did you have? 

���i�Ì�Ì�ˆ�˜�}���Ì�…�i���V�Õ�Ã�Ì�œ�“�i�À�Ã���Õ�Ã�i�`��
�Ì�œ���Ì�…�i���…�i�>�Ì�ˆ�˜�}���À�Õ�˜�˜�ˆ�˜�}���Ü�i�•�•���ˆ�˜��
advance of their requested time 
�>�˜�`���Ì�…�i�À�“�œ�Ã�Ì�>�Ì���•�œ�V�>�Ì�ˆ�œ�˜���L�i�ˆ�˜�}��
�Ž�i�Þ���Ì�œ���V�Õ�Ã�Ì�œ�“�i�À���Ã�>�Ì�ˆ�Ã�v�>�V�Ì�ˆ�œ�˜�]��
were the two main issues we 
discovered. 

What can be done to make  
it easier to install hybrids?  

The physical installation of the 
hybrid system was actually 
�i�Ý�Ì�À�i�“�i�•�Þ���Ã�ˆ�“�«�•�i�]���i�Ã�«�i�V�ˆ�>�•�•�Þ���Ü�…�i�˜��
compared to the "heat pump 
�œ�˜�•�Þ�¸���À�i�Ì�À�œ�w�Ì���ˆ�˜�Ã�Ì�>�•�•�Ã���Ü�i���˜�œ�À�“�>�•�•�Þ��
work on. System boilers posed an 
added complication (we primarily 
worked with combis for our 
�ˆ�˜�Ã�Ì�>�•�•�Ã�®���q���ˆ�Ì���Ü�œ�Õ�•�`���L�i���ˆ�˜�Ì�i�À�i�Ã�Ì�ˆ�˜�}��
to see a solution for these as they 
represent a substantial portion of 
�Ì�…�i���œ�v�v�‡�}�>�Ã���˜�i�Ì�Ü�œ�À�Ž�°

What can be done to  
make it easier to install  
PassivSystems controls?  

�-�œ�“�i���œ�v���Ì�…�i���`�>�Ì�>���À�i�V�œ�À�`�ˆ�˜�}��
requirements of the Freedom 
�*�À�œ�•�i�V�Ì���“�>�`�i���Ì�…�i���«�…�Þ�Ã�ˆ�V�>�•���Ã�ˆ�â�i���œ�v��
�Ì�…�i���L�œ�Ý���µ�Õ�ˆ�Ì�i���Ì�À�ˆ�V�Ž�Þ���Ì�œ���“�>�˜�>�}�i�°��
�/�…�i���L�œ�Ý���…�>�`���>���˜�Õ�“�L�i�À���œ�v���Ü�ˆ�À�i�•�i�Ã�Ã��
�«�>�ˆ�À�ˆ�˜�}���i�•�i�“�i�˜�Ì�Ã���Ü�ˆ�Ì�…���`�ˆ�v�v�i�À�i�˜�Ì��
�Ã�œ�Õ�À�V�i�Ã���ˆ�˜���`�ˆ�v�v�i�À�i�˜�Ì���•�œ�V�>�Ì�ˆ�œ�˜�Ã�]��
�Ü�…�ˆ�V�…���“�>�`�i���Ã�ˆ�Ì�ˆ�˜�}���Ì�…�i���L�œ�Ý��
occasionally fairly complicated. 
A lot of these elements would 
be unnecessary on a commercial 
roll-out of the hybrid systems 
which would actually result in a 
�Ã�“�>�•�•�i�À���L�œ�Ý���Ü�ˆ�Ì�…���v�i�Ü�i�À���Ü�ˆ�À�i�•�i�Ã�Ã��
�«�>�ˆ�À�ˆ�˜�}���i�•�i�“�i�˜�Ì�Ã�°���‚���•�œ�˜�}�i�À���À�>�˜�}�i��
thermostat would have helped in 

a couple of the properties but to 
�L�i���v�À�>�˜�Ž�]���>�˜�Þ���Ü�ˆ�À�i�•�i�Ã�Ã���Ì�…�i�À�“�œ�Ã�Ì�>�Ì��
�Ü�œ�Õ�•�`���…�>�Û�i���Ã�Ì�À�Õ�}�}�•�i�`���Ì�œ���«�>�ˆ�À��
�}�ˆ�Û�i�˜���Ì�…�i���`�i�˜�Ã�i���V�œ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜���œ�v��
�Ã�œ�“�i���œ�v���Ì�…�i���Ì�>�À�}�i�Ì���…�œ�“�i�Ã�°��

How could you sell/install more 
hybrid heating systems? What 
would be the challenges that 
you would face?   

�‚�Ã���Ì�…�i���Ì�i�V�…�˜�œ�•�œ�}�Þ���ˆ�Ã���˜�œ�Ì���Ì�…�>�Ì��
�Ü�i�•�•�‡�Ž�˜�œ�Ü�˜���Þ�i�Ì�]���ˆ�Ì���V�>�˜���L�i���Ì�À�ˆ�V�Ž�Þ���Ì�œ��
�Ã�i�•�•���Ì�…�i���L�i�˜�i�w�Ì�Ã���œ�v���Ã�Õ�V�…���>���Ã�Þ�Ã�Ì�i�“�°��
Early adopters often require more 
detailed cases to persuade them 
�Ì�œ���Õ�«�Ì�>�Ž�i���˜�i�Ü���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã���L�Õ�Ì��
�Ì�…�i�À�i���>�À�i���Ã�Õ�L�Ã�Ì�>�˜�Ì�ˆ�>�•���L�i�˜�i�w�Ì�Ã��
�­�À�i�`�Õ�˜�`�>�˜�V�Þ�]���“�>�˜�>�}�ˆ�˜�}���v�Õ�Ì�Õ�À�i��
�y�Õ�V�Ì�Õ�>�Ì�ˆ�œ�˜�Ã���ˆ�˜���i�˜�i�À�}�Þ���Ã�Õ�«�«�•�Þ��
�«�À�ˆ�V�i�Ã���>�˜�`���`�i�“�>�˜�`�®���…�Þ�L�À�ˆ�`��
�Ã�Þ�Ã�Ì�i�“�Ã���œ�v�v�i�À�°���	�Þ���}�i�Ì�Ì�ˆ�˜�}���Ì�…�i��
�i�˜�i�À�}�Þ���«�À�œ�Û�ˆ�`�i�À�Ã���œ�˜�Ã�ˆ�`�i���Ì�œ���œ�v�v�i�À��
�y�i�Ý�ˆ�L�•�i���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���>�˜�`���}�>�Ã���Ì�>�À�ˆ�v�v�Ã��
that add a substantial incentive 
to the home-owner would be a 
major step forward in hybrid heat 
pump uptake. 

If there was a large nationwide-
scale deployment what 
challenges would you face? 

�-�V�>�•�ˆ�˜�}���Õ�«���>�˜�`���i�`�Õ�V�>�Ì�ˆ�˜�}���˜�œ�˜�‡
�i�Ý�«�i�À�ˆ�i�˜�V�i�`���Ì�À�>�`�i�Ã�“�i�˜���Ü�œ�Õ�•�`��
be absolutely key as we would 
�L�i���L�Õ�ˆ�•�`�ˆ�˜�}���>���V�œ�˜�Ã�Õ�“�i�À���“�œ�`�i�•��
�Ì�…�>�Ì���«�À�œ�Û�ˆ�`�i�Ã���Ã�Õ�v�w�V�ˆ�i�˜�Ì���L�i�˜�i�w�Ì���Ì�œ��
�Ì�…�œ�Ã�i���œ�˜���Ì�…�i���“�>�ˆ�˜�Ã���}�>�Ã���}�À�ˆ�`���Ì�œ��
�L�Õ�Þ���ˆ�˜�Ì�œ���Ì�…�i���˜�i�Ü���Ì�i�V�…�˜�œ�•�œ�}�ˆ�i�Ã�°
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1 5 .   N E X T  S T E P S  &  O P P O R T U N I T I E S

The Freedom Project 
team is exploring the 
potential for valuable 
follow-on projects: 

The FreeNonDom Project 
is a feasibility study that 
is currently underway and 
�•�œ�œ�Ž�ˆ�˜�}���>�Ì���Ì�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•��
to apply Freedom smart 
hybrid controls in non-
�`�œ�“�i�Ã�Ì�ˆ�V���L�Õ�ˆ�•�`�ˆ�˜�}�Ã�]���Ã�Õ�V�…��
�>�Ã���œ�v�w�V�i�Ã�]���Ã�V�…�œ�œ�•�Ã���>�˜�`��
care homes. This project 
�ˆ�Ã���•�œ�œ�Ž�ˆ�˜�}���ˆ�˜�Ì�œ�]���>�“�œ�˜�}�Ã�Ì��
�œ�Ì�…�i�À���>�Ã�«�i�V�Ì�Ã�]���…�i�>�Ì��
�`�i�“�>�˜�`���«�À�œ�w�•�i�Ã�]���V�Õ�À�À�i�˜�Ì��
�V�œ�˜�Ì�À�œ�•�Ã�]���V�Õ�À�À�i�˜�Ì��
�>�«�«�•�ˆ�>�˜�V�i�Ã���>�˜�`���Ì�…�i���À�>�˜�}�i��
of appliances that could 
be employed in a 
potential demonstrator 
�Ì�À�ˆ�>�•�]���Ã�Õ�V�…���>�Ã���}�>�Ã���…�i�>�Ì��
pumps.

Freedom smart controls 
�>�˜�`���>�•�•���Ì�…�i���•�i�>�À�˜�ˆ�˜�}���ˆ�Ã��
�L�i�ˆ�˜�}���Ì�>�Ž�i�˜���Õ�«���Ì�œ���Ì�…�i��
�˜�œ�À�Ì�…���i�>�Ã�Ì���œ�v���
�˜�}�•�>�˜�`���Ì�œ��

�Ì�…�i��� �œ���,�i�}�À�i�Ì�Ã�����i�>�Ì�ˆ�˜�}��
�*�À�œ�•�i�V�Ì�]���Ü�…�ˆ�V�…���ˆ�Ã���>���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���«�À�œ�•�i�V�Ì���>�ˆ�“�ˆ�˜�}���Ì�œ��
use a hybrid tariff to 
�>�V�V�i�Ã�Ã���>�}�}�À�i�}�>�Ì�i�`��
demand-side response 
value.

The Offset Project with 
�-�>�“�Ã�Õ�˜�}���>�˜�`���Ã�Õ�«�«�œ�À�Ì�i�`��
by Freedom partners is 
due to commence soon. 
���Ì���Ü�ˆ�•�•���ˆ�˜�Û�i�Ã�Ì�ˆ�}�>�Ì�i���Ã�“�>�À�Ì��
�•�ˆ�Û�ˆ�˜�}���…�œ�“�i�Ã���Ü�…�i�À�i���Ì�…�i��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���V�œ�˜�Ì�À�œ�•�Ã��
�ˆ�˜�Ì�i�}�À�>�Ì�i���>�˜�`���“�>�˜�>�}�i��
�Ì�…�i���Ü�…�œ�•�i���i�˜�i�À�}�Þ��
consumption of the 
home with controllable 
appliances.

�‚���`�i�Ì�>�ˆ�•�i�`�]���v�Õ�À�Ì�…�i�À��
�i�Ý�«�•�œ�À�>�Ì�ˆ�œ�˜���œ�v���Ì�…�i��
pathway to market and 
consumer proposition for 
comfort-as-a-service 
called Freedom2Choose 
�ˆ�Ã���V�Õ�À�À�i�˜�Ì�•�Þ���Ã�i�i�Ž�ˆ�˜�}��
�v�Õ�˜�`�ˆ�˜�}�°

The Freedom team is 
�Ã�Õ�«�«�œ�À�Ì�ˆ�˜�}���Ì�…�i�����•�i�Ý�ˆ�
�i�•�•��
�*�À�œ�•�i�V�Ì���Ì�…�>�Ì���ˆ�Ã���•�œ�œ�Ž�ˆ�˜�}���>�Ì��
�Ì�…�i���L�i�˜�i�w�Ì�Ã���œ�v���>���˜�œ�Û�i�•��
�…�Þ�L�À�ˆ�`���>�À�À�>�˜�}�i�“�i�˜�Ì��
�Õ�Ã�ˆ�˜�}���}�>�Ã�‡�v�i�`���…�Þ�`�À�œ�}�i�˜��
fuel cells to power ASHPs 
in a small number of 
homes.

�‚���…�ˆ�}�…�‡�À�ˆ�Ã�i���L�Õ�ˆ�•�`�ˆ�˜�}��
�«�À�œ�•�i�V�Ì���­���Þ�,�ˆ�Ã�i���*�À�œ�•�i�V�Ì�®�]��
whereby a multi-
�œ�V�V�Õ�«�>�˜�V�Þ���œ�À���…�ˆ�}�…�‡�À�ˆ�Ã�i��
�L�Õ�ˆ�•�`�ˆ�˜�}���V�œ�Õ�•�`���L�i��
converted from individual 
�…�œ�“�i���}�>�Ã���…�i�>�Ì�ˆ�˜�}���Ü�ˆ�Ì�…��
�}�>�Ã���À�ˆ�Ã�i�À�Ã���Ì�œ���>���À�i�Ì�À�œ�w�Ì�Ì�i�`��
�`�ˆ�Ã�Ì�À�ˆ�V�Ì���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
�>�˜�`���…�i�>�Ì���ˆ�˜�Ì�i�À�v�>�V�i���Õ�˜�ˆ�Ì�Ã�]��
supplied from a plant 
room with a fully 
�œ�«�Ì�ˆ�“�ˆ�Ã�i�`���>�˜�`���y�i�Ý�ˆ�L�•�i��
hybrid heat centre 
�À�Õ�˜�˜�ˆ�˜�}���œ�˜���Û�i�À�Þ���Ã�ˆ�“�ˆ�•�>�À��
�V�œ�˜�Ì�À�œ�•���>�•�}�œ�À�ˆ�Ì�…�“�Ã���Ì�œ��
those developed for  
the Freedom Project.
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�‚���“�Õ�•�Ì�ˆ�‡�y�i�Ý���…�œ�“�i���«�À�œ�•�i�V�Ì��
that combines 
�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���Ã�“�>�À�Ì��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�]���>�˜��
ultra-low emission vehicle 
�­�1���
�6�®���>�˜�`���>���Ã�“�>�À�Ì��
appliance with different 
�Õ�Ã�>�}�i���«�>�Ì�Ì�i�À�˜�Ã���>�˜�`���Õ�Ã�i�À�Ã��
from different socio-
�i�V�œ�˜�œ�“�ˆ�V���}�À�œ�Õ�«�Ã�°��
PassivSystems will take its 
�V�Õ�À�À�i�˜�Ì���>�}�}�À�i�}�>�Ì�ˆ�œ�˜��
platform to provide 
�L�i�˜�i�w�Ì�Ã���Ì�œ���Ì�…�i���}�À�ˆ�`��
directly from 
�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���Ã�“�>�À�Ì��
�…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“��
�>�˜�`���6�i�…�ˆ�V�•�i���Ì�œ�����À�ˆ�`���­�6�Ó���®��
�Ã�i�À�Û�ˆ�V�i�Ã���L�Þ���L�>�•�>�˜�V�ˆ�˜�}��
domestic heat and local 
�1���
�6���V�…�>�À�}�i���`�i�“�>�˜�`���Ì�œ��
local embedded 
�}�i�˜�i�À�>�Ì�ˆ�œ�˜�°���
�œ�˜�Ã�Õ�“�i�À�Ã��
�Ü�ˆ�•�•���L�i�˜�i�w�Ì���L�Þ���L�i�ˆ�˜�}���>�L�•�i��
to access service 
�«�>�V�Ž�>�}�i�Ã���Ì�…�>�Ì���ˆ�˜�V�•�Õ�`�i���Ì�…�i��
�Ã�“�>�À�Ì���…�Þ�L�À�ˆ�`���…�i�>�Ì�ˆ�˜�}��
�Ã�Þ�Ã�Ì�i�“�]���1���
�6�]���À�œ�œ�v�Ì�œ�«��
�Ã�œ�•�>�À���*�6���>�˜�`���}�À�ˆ�`��

electricity. Service 
providers will add value 
�L�Þ���œ�«�Ì�ˆ�“�ˆ�Ã�ˆ�˜�}��
�*�>�Ã�Ã�ˆ�Û�-�Þ�Ã�Ì�i�“�Ã�¿���…�Þ�L�À�ˆ�`��
�…�i�>�Ì�ˆ�˜�}���Ã�Þ�Ã�Ì�i�“�]���Ì�…�i��
�V�…�>�À�}�i���Ì�ˆ�“�i�Ã���Ì�œ���“�>�Ý�ˆ�“�ˆ�Ã�i��
�Ì�…�i���Õ�Ã�i���œ�v���*�6���}�i�˜�i�À�>�Ì�ˆ�œ�˜�]��
�•�œ�Ü�i�À�ˆ�˜�}���i�•�i�V�Ì�À�ˆ�V�ˆ�Ì�Þ���V�œ�Ã�Ì�Ã�]��
�>�˜�`���Ã�i�•�•�ˆ�˜�}���Ì�…�i���1���
�6��
�L�>�Ì�Ì�i�À�Þ���y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���Ì�œ���Ì�…�i��
�}�À�ˆ�`�°���	�Þ���µ�Õ�>�˜�Ì�ˆ�v�Þ�ˆ�˜�}���Ì�…�i��
cost and value of 
different service 
�V�œ�“�«�œ�˜�i�˜�Ì�Ã���Ì�…�À�œ�Õ�}�…���>�˜��
�i�Ý�Ì�i�˜�Ã�ˆ�Û�i���w�i�•�`���Ì�À�ˆ�>�•�]��
partners will build 
�V�œ�˜�w�`�i�˜�V�i���Ì�œ���ˆ�˜�Û�i�Ã�Ì��
further in innovative new 
business models.

�/�…�i���«�œ�Ì�i�˜�Ì�ˆ�>�•���ˆ�Ã���L�i�ˆ�˜�}��
�i�Ý�«�•�œ�À�i�`���Ì�œ���ˆ�˜�Ì�À�œ�`�Õ�V�i��
hybrid controls to 
hybridise a heat network 
with similar controls 
developed for the 
Freedom Project 
�­���À�i�i� �i�Ì���*�À�œ�•�i�V�Ì�®�]���i�ˆ�Ì�…�i�À��
as central hybrid heat 

�«�À�œ�`�Õ�V�Ì�ˆ�œ�˜�]���œ�À���Ü�ˆ�Ì�…��
hybrid top-up from 
preheated water in  
the home. 

Opportunities are also 
presented to apply the 
�˜�i�Ü���i�˜�i�À�}�Þ���“�>�À�Ž�i�Ì�]��
framework and policies 
required to deliver the 
full value of multi-service 
value streams from 
hybrids and wider 
�y�i�Ý�ˆ�L�ˆ�•�ˆ�Ì�Þ���ˆ�˜���>��
transformation town or 
�À�i�}�ˆ�œ�˜�]���Ü�ˆ�Ì�…���Ì�…�i���-�œ�Õ�Ì�…��
�7�>�•�i�Ã���V�œ�À�À�ˆ�`�œ�À���œ�v�v�i�À�ˆ�˜�}���>��
representative blueprint 
to test the potential for 
�«�À�œ�•�ˆ�v�i�À�>�Ì�ˆ�˜�}���Ã�“�>�À�Ì��
solutions that can be 
replicated elsewhere.
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For further enquiries about the 
Freedom Project, please contact 
the following project leaders.

Tom Veli  

Professional  
Services Manager

PassivSystems 

tom.veli@passivsystems.com

Oliver  
Lancaster

Future of Energy 
Project Manager

Wales & West Utilities 

oliver.lancaster@wwutilities.co.uk

Faithful  
Chanda 

Innovation and Low  
Carbon Engineer 

Western Power 
Distribution 

fchanda@westernpower.co.uk

Freedom 
Project 
enquiries 
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