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A working prototype of EnergyPath Operations has been used to test the dynamic operation of elements of an 

architecture, as a set of detailed business processes across three domains: markets, physical assets, flows of 

information & control. This presentation was given to the ETI to provide an update at the end of the project on 

achievements and outputs from the work.

Context:
DNV GL and a partnership between Hitachi & EDF worked independently on a functional specification to develop the 

first phase of EnergyPath Operations - a software tool that allows designers to better understand the information and 

communications technology (ICT) solutions they will need to implement to deliver new home heating solutions. 

A first version of this tool is now being developed by DNV GL and the Energy Systems Catapult. EnergyPath 

Operations will provide knowledge to users on how to design ICT systems, the cost implications of such designs and 

the viability of various systems. 

This project compliments the EnergyPath Networks software modelling tool which will be used in the planning of cost 

effective local energy systems. 

Disclaimer: The Energy Technologies Institute is making this document available to use under the Energy Technologies Institute Open Licence for 

Materials. Please refer to the Energy Technologies Institute website for the terms and conditions of this licence. The Information is licensed ‘as is’ 

and the Energy Technologies Institute excludes all representations, warranties, obligations and liabilities in relation to the Information to the 

maximum extent permitted by law. The Energy Technologies Institute is not liable for any errors or omissions in the Information and shall not be 

liable for any loss, injury or damage of any kind caused by its use. This exclusion of liability includes, but is not limited to, any direct, indirect, 

special, incidental, consequential, punitive, or exemplary damages in each case such as loss of revenue, data, anticipated profits, and lost 

business. The Energy Technologies Institute does not guarantee the continued supply of the Information. Notwithstanding any statement to the 

contrary contained on the face of this document, the Energy Technologies Institute confirms that it has the right to publish this document.

Programme Area: Smart Systems and Heat

Project: EnergyPath Operations

EnergyPath Operations – Demonstration Presentation

Abstract:
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“Creating future-proof and economic 

local heating solutions for the UK”

� Connecting together – the understanding of 
consumer needs and behaviour with the 
development and integration of technologies and new 
business models into…

� Delivering enhanced knowledge amongst industry 
and public sector

� Resulting in industry and investor confidence to 
implement from 2020 which enables a UK heat 
transition

The Energy Systems Catapult will deliver Phase One of 
the SSH programme as a supplier to the ETI following 
the transition of the SSH programme team to the 
Catapult. From 2017 the Catapult will be responsible for 

delivery of Phase Two of the programme independently 
of the ETI.

ETI’s Smart Systems and Heat Programme

ETI members

© 2018 Energy Technologies Institute LLP
EnergyPath is the registered trade mark of Energy Technologies Institute LLP
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Welcome 

• Housekeeping

• No Fire Alarms Expected Today

Introduction

3
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Agenda

Ref Time Agenda Item Attended by Lead Duration

1 12:45 Arrive/welcome/coffee All - 15mins

2 13.00 Introductions and HSE All RL 5 mins

3 13.05 Demonstration
- Outline of problem

- Demonstration of EPO

- Presentation of analysis 

- Outline of networks development 

All Project Team 95 mins

4 14.40 Q&A All Project Team 20 mins

6 15.00 Close All RL 10 mins
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• Question: How do you go about installing 100 000 Hybrid 
Heat Pumps into a city the size roughly the size of Newcastle?

• Answer: Just fit them!

• Except: We all know reasons why you can’t – what are they?

• Technology problems aren’t high up the list!

Case Study
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Architecture 
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Conceptual Architecture – Iteratively Developed 

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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Risks

De-risking approach

Paper based 

analysis
Whole systems model Proto-type and trials

Whether distributed control can close out supply-demand sufficiently closely to manage system frequency, 
voltage, pressure, etc. � ?

Whether sufficient data quality can be obtained to price risk in experience based energy services �

Whether a shared service language can be formed to describe experience based energy services �

Whether the financial motivations of device vendors and service providers are sufficiently attractive to make it 
a commercially viable business � � ?

Whether consumers value the advanced services sufficiently to justify costs �

Whether weighting profiles can deliver sufficiently predictable aggregate response of distributed devices � ?

Whether energy service providers can build a sufficiently strong balance sheet to be a sufficiently low credit 
risk for long-term energy resource SLAs �

Whether suitable contingency measures can be implemented, such as frequency responsive devices, to deal 
with major cyber-security threats � ?
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• Architecture is the plan for the structure of something

• Design is the plan to create something 

• Consider Building Architecture ‘vs’ Interior Design

• Working with stakeholders

Thoughts on Architecture vs Design

More Abstract More Certain

Conceptual Logical Physical

Architecture DesignContinuum
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Logical Architecture

Homes

House-

holder

Device 

Vendors

Energy Services Providers
Energy Services Providers

Energy Services Providers

Individual Energy Vector Value Chains
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Physical Design

bdd [package] ESP Function Interfaces [ESP Function Interfaces (Real time balancing)]     

InformationIn

(HESG,

Metoffice) (5

minutes)

«func»

Monitor HESG data
InformationIn

(HESG,

Metoffice) (5

minutes)

«func»

Monitor portfolio data

«func»

Calculate real time supply - 

demand delta

notes

The ESP will look at actual demand

and compared that with what they

have contracted

also

Plot actual consumption against

forecasted to forecast what they

need for next balancing period (5

minute windows)

InformationIn

«func»

Monitor supply side resources

InformationIn

InformationOut

(Generator/storage/

RO)

InformationIn

Confirmation

«func»

Send control signal to 

supply side resource

InformationOut

(Generator/storage/

RO)

InformationIn

Confirmation

«func»

Assess available supply side 

services dependant on portfolio 

requirements

«func»

Determine immediate 

supply side resource 

requirements

«func»

Configure supply side 

resource control signal

«func»

Assess demand side options 

based on supply side service 

availability

«func»

Configure demand 

side altering 

control signals

«func»

Generate demand 

side control 

instructions

InformationOut

(HESG)

InformationOut/In (HESG)

«func»

Transfer control 

signals to demand 

side gateway

InformationOut

(HESG)

InformationOut/In (HESG)

Contract (ERSG)

«func»

Send spot market 

resource requests

Contract (ERSG)

«func»

Determine real time 

supply side trading 

actions based on 

demand side control 

signals

«func»

Update internal 

data regarding 

supply side 

services purchases

«func»

Update internal 

data regarding 

demand side 

balancing actions

Scenario 1a001

Scenario 1b001

Scenario 1c001

Scenario key

Understand what's available on 

the market, then decide on what

DSR to do as a result (e.g. if wind 

is dropping in an hour, they may 

want to heat homes up in 

advance on this, looking ahead 

of next 5 minute window)

ESP will have account for inflexible 

generation they must take and, depending 

on what demand side response they will 

exercise, will instruct their already 

contracted flexible generation to generate a 

defined profile which will help balance their 

supply-demand delta

ElecConsActual/HESG,

ElecConsForecastFinal/HESG,

ElecConsForecastShortTerm/HESG,

GasConsActual/HESG,

GasConsForecastFinal/HESG,

GasConsForecastShortTerm/HESG

ElecConsForecastFinal/HESG,

ElecConsForecastShortTerm/HESG,

GasConsForecastFinal/HESG,

GasConsForecastShortTerm/HESG

EnergyServiceOfferings/ERSG

EnergyServiceOfferings/ERSG

DemandSideResponseRequired

SupplySideBalancingRequirements,

EnergyServiceOfferings/ERSG

ESPContracts

ESPContracts

HeatingPlanChange/HESG
ElecConsumptionTarget/HESG,

GasConsumptionTarget/HESG

RejectedConsumptionTarget/ HESG

ForecastedContractedGeneration/Generator,

ForecastedContractedStorageService/Storage

ForecastedSupplyDemandDelta

EnergyServiceOfferingsRequired

ControlSignal/Generator,

ControlSignal/Storage

BidForEnergyServiceOffering/ERSG

SupplySideBalancingRequirements

ContractedFlexibleGenerationRequirements

Distribution required by storage

for next 5 minute window
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Example Operating Scenario – High Level Architecture
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Example Operating Scenario – Propose Analysis

• Evaluating (KPI):
• Energy coming from Renewables (Wind)
• Cost to the ESP of supplying energy (Electricity and 

Gas)
• Delta between ESP physical supply and demand
• Storage capacity required

• Based on:
• Weather (Wind, Temperature) and Chaotic 

Occupant Behaviour
• Simulating:

• Topology – HV Sub from Bridgend (7,484 domestic 
properties)

• Variation in – Occupant Behaviour, HHP Allocation
• Forecasting Metric – Smoothed Actual Demand

• Assuming:
• Heat losses based on lumped convection and conduction
• Energy Pricing – Ofgem values (assumed change for future)
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Demonstration
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Analysis : Simulation Test Cases

• Impact of Allocation of HHPs / Occupants to Domestic Properties
• Impact of weather over the heating season (Oct – Dec, Jan - Apr)

Case Heating Appliance Wind Turbines Storage Charge / 

Discharge Rate 

1
All Gas Heating

100% Combi-Gas Boilers
2

Infinite

2a
Penetration of HHP

70% Combi-Gas Boilers

30% HHP

4
2b 10 MW Rate Limit

• 30% HHP – Double Electricity Consumption – Heating Same Contribution as Background
• Wind Turbines – Generation to Match Demand
• 10 MW Capacity – Charge Maximum Wind Generation
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Analysis : Approach

• Impact of Allocation of HHPs / Occupants to 
Domestic Properties (shown left)

• Same general trend, but have outliers – which 
depend on the variant topology: 

• combination of occupant profile and 
appliance – assigned to specific domestic 
properties

• Selected ‘high’, ‘mid’ and ‘low’ cases for a week, 
used these to run throughout season

• … then look at impact of weather over heating 
season

• which follows a general trend but has 
chaotic variations
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KPI – ESP Total Energy Cost

• Introducing HHP increases Energy Cost
• But Using Wind and Storage Helps to Reduce Cost

• Cost per House over 
Heating Season

• Reference Case Electricity 
bought from Spot Market

• Costs from Ofgem assumed 
price changes and assumed 
storage margin
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KPI - Imbalance

• Periods of significant imbalance (>10% of demand) … generally occur at volatile peaks in demand

• … depends on local appliance control and consumer behaviour.
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KPI - Imbalance

• Forecasting  (defined as low pass filter)
• … improved prediction (lower time constant) … reduces imbalance

• … can look at different forecasting metrics and impact of prediction against technology cost
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Example Scenario

• SOCIETAL OBJECTIVES: Facilitates decarbonisation, by increasing renewable energy (wind 
generation) and decreasing gas usage.

• COMMERCIALLY ALIGNED: Replacing Combi-Boilers with HHP more expensive. Using 
storage / wind has potential to reduce costs. Further economic analysis required. 

• SECURITY AND RESILIENCE: Imbalance in supply and demand is pronounced during peak 
heating times when customer demand has significant volatilities.

• PHYSICALLY CONSTRAINED: Storage power and capacity greater than available at local 
level. Future scenarios may want to consider business models that manage inventory.

• CONSUMER CENTRICITY: Aggregated behaviour of customers and local appliance control 
have significant impact. Analysis motivates obtaining better understanding of this area.

Structure of analysis allows iterative development of scenario:

• …. Different Questions, Increase Scenario Scope, Enhancements to Modelling …..

Analysis Conclusions
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Electrical Networks Component 
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Electrical Network Topology
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Predictive Performance 
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Future Challenges – Distribution Control 

• At each voltage level, the distribution network will encounter technical issues 
– what are the potential control strategies to deal with them: 

Control type Description 

Tap changer mainly used for voltage control and keeping the system 
within limits  

Energy storage system Aggregators could use this for arbitrage but 
advantageous for the DNO in solving technical 
constraints – examples include voltage control and 
reverse power flow  

Soft open points Power flow between adjacent networks is automated 
based on network conditions  

Demand side response Turn up/ turn down of customer loads in periods of 
high and low network stress
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Future Challenges - Electrical Network Hierarchy

25

Templates to be assigned

33/11kV

LV LV LV LV
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Next Stages
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• Analysis is testing an implementation (a design) for an architecture, rather 
than the architecture itself.

‒ Building support for a possible method or;

‒ Triggering risk

• Program goals at April 2017:

‒ to create and test a workflow for gradually defining ‘slices’ (successive 
layers of design detail) of a future Great Britain Energy System; 

‒ to explore options for a future Shared Ecosystem (markets which 
enable and encourage collective impact to create shared value); and

‒ to build a first of a kind holistic simulator (EnergyPath® Operations) to 
enable interactions of a diverse range of Individual Actors within 
different options for the Shared Ecosystem to be understood. 

Conclusions


