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Smart Systems & Heat Programme

Living Lab / Energy Innovation Zone I

Living Lab / Energy 
Innovation Zone II 

(alternative architecture
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Establishing 
a Shared 

Ecosystem

Support to 
Individual 

Actors
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Individual Actors’ working in their own innovation domains are able to interact with one another via the Shared Ecosystem

Living Lab to help others test 

new energy services

Planning evidence and dialogue 

to make  infrastructure decisions

Informing future energy 

system architectures
100

home 

living 

lab

30 

home 

field 

trial

Phase 1

Phase 2

Industry having a route to deliver energy services that decarbonise heat in local areas that 

people and communities support and value
Realising Benefits

Establishing the 

knowledge tools 

and capability

Dialogue with Future Power Systems Architect project team



© 2017 Energy Technologies Institute LLP - Subject to notes on page 1

Heat demand is highly variable (2010 data)

By kind permission of Robert Sansom, UKERC
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How was it for you?

[Insert HEMS trialist video]
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Clustering via a mixture model

- Allows us to use a mixture of data types with a mixture of distributions

- It gives us a soft output - respondent x has y probability of being in cluster 1, and z probability of being 

in cluster 2

- Shows which variables have effected clustering, and the probability that each cluster will respond to 

each question with a given response

- There are also packages which allow us to plot our cluster solutions.
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There’s a new 
district heating 
network being 

set up

Sounds 
great! 
Lets 

connect

Did you hear 
the district 
heating is 
now low 
carbon?

U P G R A D E  P A T H W A Y

I’m as 
warm as 

ever!

There’s a new 
district 
heating 

network being 
set up

Sounds 
great! 
Lets 

connect

Did you hear 
the district 
heating is 
now low 
carbon?

U P G R A D E  P A T H W A Y

I’m as 
warm as 

ever!
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Predominant Heating System Comparison



© 2017 Energy Technologies Institute LLP - Subject to notes on page 1

Architecture 10 - business system mapping

Policy and Regulation (Neutral as Possible to Maximise Innovation)

National and Regional Reserves Operators (to Oversee Stabilisers and Contingent Overrides)

Energy Services Providers

Home Energy Services Gateway

Industrial and Commercial Energy Services 
Gateway(s)

Energy Resource Services Gateway

Homes

Device 
Vendors Householder

Businesses Individual Energy Vector Chains

Storers Distributors Producers

Data Communication Company

Consumption Metering
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Constructing and ranking architectures

1 2 3 4 5 6 7 8 9 10 11 12

Vertically integrated state
company (multi-vector)

Regional companies for distribution
and retail (multi-vector)

Fully unbundled
competitive retail

Commodity 
consumed retail

Experience
services retail

Commodity consumption retail Experience based services retail
Commodity 
consumed 

retail

Experience based 
services retail

Direct peer-peer 
(no retail function

Commodity 
consumed retail

Central procurement body
for energy production

Production
cost recovery 

via 
commodity 

retail fees

Production 
cost recovery 

via service 
level

agreements

Central 
procurement 

body for 
energy 

production

Production
cost recovery 

via 
commodity 

retail fees

Production asset cost recovery via service level
agreements

Production cost recovery
via commodity

retail fees

Consumer 
centricity

X
(no insight on 

consumer 
preferences)

?
(risk of tendency 

to 
counterproductiv
e political 
directives)

X
(no insight on 

consumer 
preferences)

X
(no insight on 

consumer 
preferences)

X
(no insight on 

consumer 
preferences)

?
(risk of tendency 

to 
counterproductiv
e political 
directives)

?
(risk of tendency 

to 
counterproductiv
e political 
directives)

?
(risk of tendency 

to 
counterproductiv
e political 
directives)

X
(no insight on 

consumer 
preferences)


(improving quality of 

service delivery drives 
profits)

X
(extremely complex for 

individual consumers 
to match supply-
demand)

X
(no insight on 

consumer preferences)

Resource 

constraints

X
(lack of demand side 

flexibility)

?
(lack of 

competition to 
drive innovation)

X
(achieves capacity 

investment, but 
lack of demand 
side flexibility)

X
(evidence so far 

shows unlikely to 
secure capacity 
investment)

X
(achieves capacity 

investment, but 
lack of demand 
side flexibility)

?
(competition 

drives supply side 
innovation; but 
limited supply 
side flexibility)

X
(evidence so far 

shows unlikely to 
secure capacity 
investment)


(competition 

drives supply side 
innovation; SLAs 
define flexibility 
supply-demand)

X
(lack of demand 

side flexibility)

 
(competition drives 

demand and supply side 
innovations; and SLAs 
define flexibility on 
supply and demand)

X
(highly unlikely to 

secure capacity 
investment, given lack 
of any long-term 
counterparty)

X
(evidence so far shows 

unlikely to secure 
capacity investment; 
lack of demand side 
flexibility)

Security and 

stability

 
(very few interfaces 

to expose risks, few 
supply-demand 
closed loop risks)


(few interfaces to 

expose risks, but 
introduces closed-
loop cyber-
security)

 
(very few 

interfaces to 
expose risks, little 
supply-demand 
closed loop risks)

X
(highly unlikely to 

build surplus 
required to give 
margin needed)

 
(very few 

interfaces to 
expose risks, few 
supply-demand 
closed loop risks)


(limited interfaces 

to expose risks, 
but introduces 
closed-loop cyber-
security needing 
robust 

architecture)

X
(highly unlikely to 

build surplus 
required to give 
margin needed)


(limited interfaces 

to expose risks, 
but introduces 
closed-loop cyber-
security needing 
robust 

architecture)

?
(many more 

actors and many 
more interfaces 
exposing more 
risks, but few 
supply-demand 

closed loop risks)

? ?
(requires robust 

architecture for 
distributed multi-actor 
complex control)

? ? ?
(requires robust 

architecture for 
distributed multi-actor 
complex control; lack 
of clear 
responsibilities)

X
(highly unlikely to build 

surplus required to give 
margin needed)

Commercial
alignment


(commercial 

interfaces all sub-
contracted)

X
(requires 

significant state 
mandating to  
ensure devices 
support service 
execution despite 

warranty issues, 
etc)


(motives-levers 

and benefits-
liabilities fixed 
into alignment by 
regional utilities 
and central 

buyer)

X
(risks investing in 

capacity can’t be 
passed on in 
value chain)

?
(requires robust 

architecture to 
align motives-
levers and 
benefits-
liabilities)

?
(requires robust 

architecture align 
of motives-levers 
and benefits-
liabilities)

X
(risks investing in 

capacity can’t be 
passed on in 
value chain)

?
(requires robust 

architecture and 
transaction 
gateways to 
enable alignment 
of motives-levers 

and benefits-
liabilities)

?
(requires robust 

architecture and 
transaction 
gateways to 
enable alignment 
of motives-levers 

and benefits-
liabilities)

?
(requires robust 

architecture and 
transaction gateways to 
enable alignment of 
motives-levers and 
benefits-liabilities)

? ? ?
(highly unlikely to be 

possible to align 
motivations give 
extremely large 
number of  very low 
value peer-to-peer 

transactions)

X
(risks investing in 

capacity can’t be 
passed on in value 
chain)

Social 
objectives

X
(fuel poverty dealt 

with by directives; 
but carbon unlikely 
politically viable 
given lack of ability 
for consumer focus)

?
(fuel poverty 

dealt with by 
directives; service 
model may help 
with carbon, 
depending on 

how motives 
perceived)

X
(fuel poverty 

dealt with by 
directives; but 
carbon unlikely 
politically viable 
given lack of 

ability for 
consumer focus)

X
(evidence so far 

shows unlikely to 
secure high 
capital low 
carbon asset 
investment)

X
(fuel poverty 

dealt with by 
directives; but 
carbon unlikely 
politically viable 
given lack of 

ability for 
consumer focus)

?
(fuel poverty 

dealt with by 
directives; service 
model may help 
with carbon, 
depending on 

how motives 
perceived)

X
(evidence so far 

shows unlikely to 
secure high 
capital low 
carbon asset 
investment)

?
(fuel poverty 

dealt with by 
directives; service 
model may help 
with carbon, 
depending on 

how motives 
perceived)

X
(fuel poverty 

dealt with by 
directives; but 
carbon unlikely 
politically viable 
given lack of 

ability for 
consumer focus)


(scope for payment on 

results; enables neutral 
carbon policy similar to 
automotive to drive 
industry investment in 
low carbon innovation)

X
(assumes consumers 

are ‘savvy’ enough to 
sort out issues on their 
own, given lack of a 
party taking  
performance risk)

X
(fuel poverty dealt with 

by directives; but 
carbon unlikely 
politically viable given 
lack of ability for 
consumer focus)

UK Business As Usual
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Multi-vector, distributed business operations simulation

Operational 
Planning

Simulation
Whole-
System 
Analysis

Architecture 
Development

Data, ICT and Comms
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D
evice 

Ven
dors

Energy Services Providers
Energy Services Providers

Energy Services Providers

Individual Energy Vector Value C
hains

Storers
D

istri-
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Produ
-
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2a. Devices provide data to dete-
rmine state variables (ref. Obj. 2)

2b. Data routed to service provider to 
determine state variables (ref. Obj. 2)

1. Service terms agreed with individual householders define 
flexibility envelope within which the provider can operate

3b. Devices execute control 
requests as per Obj. 2

3a. Service provider makes control 
requests for devices as per Obj. 2

8. Resource providers send 
continual data feed on status 1

Note:
1. Resource status feed includes: For storage, 
factors such as current volume of energy stored. 
For distribution, factors such as current network 
headroom in a given network area. For production, 
factors such as standby status, wind forecasts, etc.
2. Control requests include weighting profiles by 
time for asset operating profile, prepare asset for 
ramp-up on subsequent instruction, etc

9a. Status data from (7) and (8) aggreg-
ated to enable provider optimisation

D
ata C

om
m

unication C
om

pany

4. Request made for smart meter data to determine system status at appropriate 
intervals (half-hourly, TBD) and appropriate geographic resolution (TBD)

7. Individual meter readings 
provided for individual homes

10. Control requests issued for specific 
energy resource assets (storage, etc)2

11b. Compliant requests priority 
queued and routed to asset(s)

11a. ERSG fi lters control requests for SLA 
compliance (ref Obj. 4) and rejects if req’d

13. Asset meter data to confirm 
delivery as requested complies 
with resource class SLA

14a. ERSG accumulates fees for resource 
utilisation and adds to providers account

14b. ERSG accumulates fees for 
resources failures to account

15. ERSG applies imbalance fines if 
appropriate for mismatched supply-
demand using data from (7)

N
ational and R

egional R
eserves O

perators (to O
versee Stabilisers and C

ontingency O
verrides)

12b. ERSG provides status data to national and regional 
reserves operators to enable contingencies planning

16. Imbalance fines are paid to national and regional 
reserves operators to finance their critical function

12a. HESG provides status data to national and regional 
reserves operators to enable contingencies planning

9b. Status data from (7) aggreg-
ated to temporal and geographic 
resolution for  optimisation

C
onsum

ption M
etering

6. Individual readings 
for each energy vector

5. Individual meter 
polled for reading
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Thank You

Speak to our analysts and developers in the 

modelling zone to get more details


