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Programme Area: Smart Systems and Heat
Project: EnergyPath Operations

Title: EnergyPath Operations — Demonstration Presentation

Abstract:

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.
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Delivered by

ETl's Smart Systems and Heat Programme Ul.T
cATAP
Energy Systems
y@y “Creating future-proof and economic
technologies : : p
instlce 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
memupers Y
- . transition
o - % [@ Rolls-Royce
CATERPILLAR e - g The Energy Systems Catapult will deliver Phase One of
@ > s EPSRC S——— the SSH programme as a supplier to the ETI following
il S0y the transition of the SSH programme team to the
. Catapult. From 2017 the Catapult will be responsible for
ETI programme associate delivery of Phase Two of the programme independently
of the ETI.

HITACHI

Inspire the Nexl
© 2018 Energy Technologies Institute LLP
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Energy Systems

Introduction - o CATAPU'-T

Welcome

* Housekeeping
* No Fire Alarms Expected Today

© 2018 Energy Systems Catapult
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Tl

12:45

Arrive/welcome/coffee

Introductions and HSE

Demonstration
- Outline of problem

- Demonstration of EPO
- Presentation of analysis

- Outline of networks development
Q&A

Close

All

All

All

All

15mins
RL 5 mins
Project Team 95 mins
Project Team 20 mins
RL 10 mins

© 2018 Energy Systems Catapult
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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!

© 2018 Energy Systems Catapult
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Energy Systems

Policy and Regulation

National and Regional Reserves Operators

Energy Retail

[
Home Energy Management

Energy Resource Management

Device ]
Vendors II Householder Distributors I

© 2018 Energy Systems Catapult



Conceptual Architecture - Iteratively Developed
catTAPULT

Energy Systems

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

- - - E i
Industrial and Commercial Energy Services nergy Resource Services Gateway
Gateway(s)

Distributors Producers

Homes Businesses Individual Energy Vector Chains

Data Communication Company

© 2018 Energy Systems Catapult




sk caTAPULT

Energy Systems

De-risking approach

P based i
aper base Whole systems model Proto-type and trials

analysis
Whether distributed control can close out supply-demand sufficiently closely to manage system frequency, v 5
voltage, pressure, etc.
Whether sufficient data quality can be obtained to price risk in experience based energy services v
Whether a shared service language can be formed to describe experience based energy services 4
Whether the financial motivations of device vendors and service providers are sufficiently attractive to make it v v 5
a commercially viable business
Whether consumers value the advanced services sufficiently to justify costs v
Whether weighting profiles can deliver sufficiently predictable aggregate response of distributed devices v ?
Whether energy service providers can build a sufficiently strong balance sheet to be a sufficiently low credit v
risk for long-term energy resource SLAs
Whether suitable contingency measures can be implemented, such as frequency responsive devices, to deal v 5

with major cyber-security threats

© 2018 Energy Systems Catapult



Thoughts on Architecture vs Design
5 5 caTAPULT

Energy Systems

* Architecture is the plan for the structure of something
» Design is the plan to create something
» Consider Building Architecture 'vs’ Interior Design

Conceptual Logical Physical

Architecture Continuum

More Abstract More Certain

« Working with stakeholders

© 2018 Energy Systems Catapult



catAPULT

Logical Architecture

Energy Systems
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Function

time balancing)] _/

Scenario key
(@ scensrio 1a001
. Scenario 1b001
. Scenario 1c001

Informationin

minutes)

(HESG, [
Metoffice) (5 ]

HeatingPlanChange/HESG

ESPContracts

Understand what's available on
the market, then decide on what
DSRto do as a result (e.g. if wind
is dropping n an hour, they may
want to heat homes up in
advance on this, looking ahead
of next 5 minute window)

Informationin

EnergyServiceOfferings/ERSG

EnergyServiceOfferings/ERSG

SupplysideBalancingRequirements

ESPContracts

»

ElecConsActual/HESG,
ElecConsForecastFinal/HESG,
ElecConsForecastShortTerm/HESG,
GasConsActual/HESG,
GasConsForecastFinal/HESG,
GasConsForecastShortTerm/HESG

ElecConsForecastFinal/HESG,
ElecConsForecastshortTerm/HESG,
GasConsForecastFinal/HESG,
GasConsForecastShortTerm/HESG

ForecastedSupplyDemandDelta

»
>

SupplySideBalancingRequirements,

EnergyServiceOfferingsRequired

BidForEnergyServiceOffering/ERSG

>

DemandsideResponseRequire:

3] contract (ERSG)

ElecConsumptionTarget/HESG,
GasConsumptionTarget/HESG
>

£5P 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

ControlSignal/Generator,
ControlSignal/Storage

Informationin
Confirmation

InformationOu
(Generator/stora,
RO)

RejectedConsumptionTarget/ HESG

it
ge/

[<>] InformationOut/in (HESG)
InformationOut

=5

] (HESG)

© 2018 Energy Systems Catapult




Example Operating Scenario — High Level Architecture
catAPULT

Energy Systems

Wind Storage
Mark
Operator SRS I Operator

ns Catapult



Example Operating Scenario — Propose Analysis
catAPULT

Energy Systems

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)

Operating Scenario High Level Architecture
Architectural Tests
KPI (Qutput)

Disturbance (Input)
Physical Representation Business Representation

m

Potential
| Subsequent Iteration

© 2018 Energy Systems Catapult



Demonstration



Analysis : Simulation Test Cases
¢ catTAPULT

Energy Systems

« 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

All Gas Heating

2
100% Combi-Gas Boilers Infinite
“ Penetration of HHP
70% Combi-Gas Boilers 4

10 MW Rate Limit
30% HHP

* 30% HHP — Double Electricity Consumption — Heating Same Contribution as Background
* Wind Turbines — Generation to Match Demand
* 10 MW Capacity — Charge Maximum Wind Generation

© 2018 Energy Systems Catapult



Analysis : Approach CATAPULT

Energy Systems

Consumer Demand Across 132 Variant Profiles
(Different Appliance and Occupancy Allocation)

i,

0 1 2 3 4 5 6 7 8 9 0 1" 2 13 4 1% 16 17 18 19 20 21 2 23

« 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

Aggregated Demand

... then look at impact of weather over heating
season
» which follows a general trend but has
chaotic variations

Example Day
© 2018 Energy Systems Catapult



f / House

KPI — ESP Total Energy Cost

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

Average Seasonal Energy Cost per House

1000

900

800 piitekate Cost Between
200 from High - Low

Market
600

500
400
300
200
100

Ref1 - Gas 1-Gas Ref 2 - HHP 2a-HHPInf 2b- HHP 10MW

£816 to
£565 £545 £843

AP o)
£782

caTAPULT

Energy Systems

Cost per House over
Heating Season

Reference Case Electricity
bought from Spot Market

Costs from Ofgem assumed

price changes and assumed
storage margin

© 2018 Energy Systems Catapult



Periods of significant imbalance (>10% of demand) ... generally occur at volatile peaks in demand
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... depends on local appliance control and consumer behaviour.
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Foretasting (defined as low pass filter)
... Iimproved prediction (lower time constant) ... reduces imbalance

High :
605
Med
- High
Low 6.00 | g
: <os|
25 >
ﬁ = 5 S
I o 5 Ead
== e T
=T = ——
ol = )
o [ i 505
£S « Med
- (@
G 580
&7 t
— e Low
—
o 200 800 _J80 1000 1380 14800 770 > 250 SO0 750 1000 1250 1500 1750
Time Constant Time Constant
<N Finer Prediction <4 incr Prediction

... can look at different forecasting metrics and impact of prediction against technology cost

© 2018 Energy Systems Catapult



Analysis Conclusions CATAPU'.T

Energy Systems

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 .....

© 2018 Energy Systems Catapult



Offline

Allocation

Allocation
function

Allocation

Aggregation

Pre-aggregated non-
heating electrical
demand profiles

~
~
~

Y
U

1ogying for -

Dynamic simulation

Consumer
model

Electrical
power
demands of
building
instances
(real &
reactive)

Aggregation
node

Z)isglibutio? network model
ectrical power
demands at 11kV Network )
feeder busbars (real performance online
& reactive) assignment

h 4

Total electrical Transmission
power demand network
(real & reactive) model

L---anabsis--1 -~

Voltages at
11kV feeder
busbars
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=== Simulated voltage @ PF = 0.90
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Future Challenges — Distribution Control
catTAPULT

Energy Systems

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

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

© 2018 Energy Systems Catapult



Templates to be assigned

|
@

TRy 8%
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Generate

training Training
electrical electrical power Train and
Create load demands
E i power test neural
il demands network for
of electrical Run load Load flow online
distribution ufT e simulation
network . oW outputs
simulations (voltages, losses)

Offline
Allocation
Allocation /A‘
function k :}
LR
é%
2 g
. e 1 I
zynm'_c Distribution network model - .E
il e U

Consumer
model

Transmission
network
model
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Conclusions CATAPU'-T

Energy Systems

+ 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.

© 2018 Energy Systems Catapult



