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1 Introduction

This document is a distillation of the Future Power System Architecture (FPSA) functions as seen from the perspective
of the five groups of stakeholders listed above. The document summarises: their future business opportunities and
requirements; why those opportunities are important; the relevant FPSA functions; the consequences of those
functions not being implemented; and some common conclusions.

This tabulation sets out the analysis at a level of detail. Five two-page summaries have also been prepared and these
are available on the IET and ESC websites.


http://sg1p-sp01/mktg/

1 Perspective 1 - SO, DNO/DSO, TNO, OFTO, Large Generators, established networks equipment vendors, key consultancies, technical media

Which of the
35 new
The power
The Business Network Company Business Why are these opportunities The likely consequences of failing system What are the main reasons these .
: lead " . . " ; . Common Conclusions
Drivers party Opportunities & Requirements important? to take these opportunities functions are functions are needed?
critical to
have in
place?
Aggregation of Demand Response for 16.3 7.1
DNOs | managing D-network power flow constraints | DSO roles have yet to be fully 16-11 =
and provide services to the SO defined and their regulatory - Considering the span of new business
{:ameworkti do not yet eX'it- t challenges and opportunities
Management of reactive power profiles to Sioxvsl\;e]c:bmeé?zgeaﬁgnéf ::] that Enable and execute necessary summarised here, itis evident that:
DNOs | control D-network voltages and provide hg i his | ? operator interventions 7.1,9.1,15.3 1. Significant additions and
. he SO they believe this is a way forward h ired to th
services to the that will bring benefit for consumers. | In the absence of new sector changes are required to the
: ' ; : . . functionality that supports
Management of storage to address D- The Smart, Flexible Energy functionality and DNO business To make available the necessary todav's bower svstem and this
DNO netwogrlk constraints agd rovide services to consultation issued by BEIS and processes it will not be possible for 16.3, 7.1, sensors, data, and commercial will hyavep conse yuences for the
s the SO P Ofgem jointly is an example of this. DNOs to move effectively to DSO 16.1, 15.3, mechanisms. Ensure data inter- bUSINesses thatqshare ownershi
€ If additional roles and roles. operability and open systems so of it: P
1. An effective . . . responsibilities are required from the | New DSO functionality needs to be that information can be analysed '
DNO to DSO FEDE NSRBI I ETEEE, Vel present DNOs it can be reasonably | yesianed. proven ndyim lemented and shared between key parties, 2. These changes have, in many
. generation curtailment controls to optimise ] - esignea, proven a plemente 7.1,3.2,4.1
transition DNOs network capacity for hosting new assumed they will receive in a timely way, or the opportunity 12 1 o for example DSOs, the GBSO and cases, a whole-system
capacity 9 appropriate remuneration. To gain il ’ ; - energy market participants. dimension that spans today's
connections . . : will be lost as a result of actions by © | i
this added value and build their non-DNO parties (for example if they Commercial mechanisms will company and governance
reputations as forward-looking opt to make traditional asset or require implementation of highly boundaries
Transformer/Tapchanger control (CLASS) busmesges, it will be important for control system investments that have | 16.3, 9.1, robust and auditable data systems. 3. ltis not sufficient simply to
DNOs | for real and reactive power services to the t_hem to implement new roles in a 20-40 year lives and so undermine 15.3, identify and agree the new
SO timely way and have the capability to | 1o pusiness case for new DSO functionality, it is imperative that
roll them out -at scale. This can Only SerViCES). the sector's Change processes
: _ be achieved if the necessary new are streamlined, for example to
DNOs | management by out of its own area (€g | The required functionality does not 7.1,9.1,15.3 both existing and new parties,
including embedded IDNO and private i
awork exist at present. and to make change
networks) mechanisms sufficiently agile
to provide timely outcomes
Smart Grid Forum analysis (WS3 and can respond to continual
Gain Active Network Management benefits | @d WS7) and LCNF projects have MU Szl S ek
(e.g. constraining on/off DSR and DG, confirmed that deployment of smart | Form and share best view of state learning, and respond to as yet
S T DNOs, optimising EV charging) to address D- network solutions can have of system in each timescale 5.1,9.1, 33, | investment olanning and unknown customer
at thepTSO-DSO GBSO | | atwork constraints while avoiding adverse | €conomic and practical advantages, | If these challenges are not operational glanning will require requirements;
interface to T/D interactions such as_achlevmg faster new addressed gffectlvely, the T_/D close co-operation. Functionality 4. It WQU|d be erroneous to
ensure adverse _connecnons. It will be of increasing boundary v_vlll be an es_calatmg _ changes may need to be designed- envisage these new
i importance that these 'new tools' are | source of risk to security of supplies. in to the controls of automated functionalities simply being
avoided genuinely established as Business This will frustrate economic solutions svstems grafted on to today's power
Maximise distributed storage benefits to D- as Usual capabilities - this requires and result in delays to resolving new Y ' sector model - the changes now
DNOs, | network voltage and power flow prompt and effgctive resr_JIution of connection queues. 92 81 emerging offer not only new
GBSO | management but avoid adverse T/D any TSO-DSO interface issues that o roles for existing parties, but also
interactions are encountered. the opportunity to transfer
existing roles to new parties who
DNO Distribution network cold start with high The annual System Operability Monitor trends / emerging risks to ég 513'21’13'3’ Forward thinking will be key to a][fe postltloTet(_JI 1 riro;/r:de more
S| penetration of EVs, HPs, local storage etc. Framework reports, published over | the power system and implement Sr LEe responding to these significant efficient soiutions to the
b ' ' 9 b P : . P : 13.1 B 9 : g : challenges. An example of the
3. Responding to the last three years by National Grid, | mitigating actions T challenges in a timely way to avoid ¢ 9 D.N b PI€ D
new system Develop and implement new approach to provide evidence of changes to If the new processes and system unacceptable impacts on or;nefr 'E | Os becoming DSOs,
operational GBSO, | befence Plans (Low Frequency load national and local power system functionality are not developed, 5.2,12.1, customers. This will require new ?Im 't?’l't % atter, ne\_/é Sé/stt)em
imperatives DNOs shedding) operating behaviours that require proven in trials, and then 13.1, modelling and forecasting tools, 24l DEliug PO eiEe 0
close attention if adverse outcomes | implemented across the GB system new regulatory and commercial parties ‘beyond the meter.
GBSO, | Develop and implement a new approach to to customers are to be avoided. The | there will be steadily rising risk to 2.6, 3.3,12.1, | mechanisms, and the data to drive
DNOs | national system Black Start issues highlighted here as examples | system security, cyber security, and 13.1, these techniques and the protocols
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The Business lead Network Company Business Why are these opportunities The likely consequences of failing system What are the main reasons these Common Conclusions
Drivers party Opportunities & Requirements important? to take these opportunities functions are functions are needed?
critical to
have in
place?
- o require mobilisation of thinking, customer service. There will be a and data management systems to
cRso. | Develop arobust capability to anticipate new | increase in understanding, and likelihood of poor investment 01 51 91 | enable secure sharing and
DNOs | Network operational challenges and invest proving of solutions ahead of wider | decisions resulting in stranded 55 121 | interpretation. Design changes
accordingly roll-out and integration with existing | assets that add needless costs to ’ ' may be required to home energy
systems. These are not issues that customer bills. Without new planning management systems and smart
Ensure T & D protection reliability and can be resolved simply by and investment functionality, the next devices, for example to introduce
GBSO, | coordination as periods of low fault infeed purchasing off-the-shelf solutions. regulatory resets (ED2, ET2) will be 52 9.2 randomised starting or intelligent
DNOs | increase (especially T-system IDMT back- Some of these issues are now lacking in evidence and the strategic TS response to system frequency or
up) starting to receive attention by the cases for informed decision making. voltage.
DNOs/NG, through the ENA.
GBSO, | Continuing attention to DG ROCOF relay Fundamentally new power sector 52 92
DNOs | maloperation risks as system inertia declines | functionality will however be e
- ] ] necessary to address the full range
GBSO _Contln_t_ung attention to potent_lal DG of operability challenges.
DNOs’ instability issues due to lowering system 5.2,9.2,
strength and impact on voltage depressions
DNOs Resolving power quality deterioration arising 21,2252,
from penetration of power electronic devices
Managing waveform quality (THD and
DNOs | resonance) issues due to lowering system 2.1,5.2,
strength
DNOs Identify emerging cyber threats and counter 2.5,9.2,12.1,
these on a whole system basis 13.1,
Seamless new services from smart meters,
DNOs | home energy management, and new Many changes are taking place in 15.3, 14.1,
devices customer premises and at the 'grid Implement smart grid to maximise For new services to customers to
» edge'. The DNOs have a significant | system security be simpl d | th
DNOs | Ability for customers to deploy home storage | gpportunity to be ‘part of the Without interoperability and suitable | 16-2, 15.3, € s!{n;p €an ds_eatr_n essf,_ tere
4. Responding to and maximise its benefit solution' rather than 'part of the standardisation, customers will be 14.1, MUSt beé co-ordination ot Inter=
changing A g g problem'. However mobilisation of locked in to proprietary systems and CEE AN SSNEEH GENIEES,
Avalilability of 'virtual private network’ S . e ) A 15.5, 16.2, commercial arrangements that are
customer DNOs . g enabling sector functionality is ad hoc solutions. This will stifle
. services from DNOs for local market trading . : ; " 15.3, not overly complex, and concepts
expectations and required if these are to made a market behaviours and competition, .
. i i ] o . g : and controls that are user-friendly
behaviours GBSO, | Large scale aggregation by third parties reality in a timely way. The DNOs and is likely to result in early 16.3,7.1, 6.2, and sufficiently standardised for
DNOs | delivering essential services to the SO and TSOs may also have partnering | obsolescence and deep customer 15.3, 13.1, . .
. . ; ; X customers to recognise and enjoy
or supporting roles in enabling third frustration, for example when new using them
DNOs Local market/community energy facilitator Eﬁ%rﬂrgf\”@ef}r?mrgﬁfst new S gl S (DUTE e, 15.5,2.4, 7.1,
and service provider roles q ' 15.3, 14.1
; Community Energy enterprises, both
Community Energy & Local Market o o ks Market developments The challenges here are new to
DNOs X geographic and virtual, continue to Th devel A Iread 15.5, 15.3, gesh ( )
developments (geographic) gain interest and form part of a trend haesgniﬁv'etﬁzmzpesbzzﬁ a r?(?m}(l)ted network companies and will require
5. Taking th in 'energy democratisation'. There HerEiniiniel Ul ap solutions to technical, commercial
- Taking the e . by government and pulled by and regulatory issues. Furthermore
tunities are specific opportunities for new for . g y : _
oppor . _ . changing customer preferences (e.qg. thev span company boundaries
resented b DNOs | Community Energy developments (virtual) DNO/DSO roles as described - 15.3, 8.1, y spar pany
p y . peer to peer). If the DNOs wish to )
- : above, but there is also the ; and require whole-system
wider societal ' e create new added-value business e | e G
changes ChiElliEnge @ EResiien g i activities, they must put in place the c e, D EEIEE Y AT
- EV de I ud network companies in the eyes of necessary fur%ctional?ty ané) develop require customer and third party
High EV deployment clusters, includin i i i / . engagement at significantly higher
DNOs g ploy g wider society. There opportunity for e I 5.2,2.3, gag g y hig

autonomous vehicles

DSOs to establish themselves as
the 'go to organisations' as

business skills (before their

levels than in the past.
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communities, local government, and | clients/customers by-pass them).
ONOs | Integration of Smart City developments, and businesses seek to establish new 2.4,16.2,
provision of expert facilitation roles arrangements. 15.3, 16.1,
DNOs, | Roll out of innovation into networks for _ - 5.1, 3.3, 4.1, For the network companies to be
GBSO | maximum customer benefit There is uncertainty in times of 9.2,14.1, on the front-foot and able to bring
fgal:]lg?o?r\;\ﬁllt ?)Z ?C?S/z:]nrr;grnt e di Manage interfaces with connected forward innovation and deploy it in
gulato » thgt systems 0.1 15.1 a timely way, it will be essential to
DNOs, | Bring forward creative new services to cDoNn é',rgéng i?w\i/tlia?ir\llcei ar?d new As the systems of different energy 153 9.2. be proactive, not simply
6. Gaining benefit | GBSO | enhance GB system flexibility investments will bring customer vectors become more sophisticated, 14'1’ - responsive. This will require
from Gov't & benefit. Havin robugt lans for more complex, and more inter- - horizon scanning, tools and data,
Regulatory policy develo. in ne%essar r?ew connected, today's network and a whole-systems co-ordination
developments DNOs, | Robust justification where strategic functioﬁali% and evic)j/ence of companies will need to be well- 0.1, 5.1, 3.2, | that shares data between network
GBSO | 'investment ahead of need' is required ctionality, an informed and responsive, or they will | 9.2 companies, customers and new
delivering effective outcomes, are . ? : ; .
. L be by-passed by the new parties who third parties entering the energy
two key elements in building o ; :
. - will find ways to circumvent them. sector. Regulatory barriers to
confidence and demonstrating lised) i ' t ahead of
DNOs, | Increasing cross-vector interactions, e.g. for | penefits to external parties. (socialised) investment ahead o
3.1,15.4, need will need to be resolved.

GBSO

home heat decarbonisation




2 Perspective 2 - Domestic / micro-SME customers (and/or representatives thereof), Suppliers and NTBMs the smart metering community, smart home and energy management services

Which of the
35 new power
The Business Service Provider Business , . The likely consequences of system What are the main reasons ,
: The lead party o : Why are these services important? o : : functions are . Common Conclusions
Drivers Opportunities & Requirements failing to provide these services - these functions are needed?
have in
place?
: : : . : . Enable and execute necessary Based on need for greater flexibility to
RIS SR IEEIY STt Failing tojidentify customer encrgy operator interventions deal with an increasing dependence on
customer consent) in-home monitoring Monitoring and sensor technologies usage trends or their appetite and i weather-dependent generation, and
technologies to help energy service coupled with R&D into drivers of needs for effective engagement 21 22 25 Given the necessary development domestic demand profile chandes
companies to design products and customer behaviour will help identify | with the energy system will lead to 1'2 1 14 1' ! of technology and attention to arising from solar PV, EVs and heat
service offerings that will increase customer preferences and predict ineffective products and service 151 162 markets, domestic and SME pumps, it is evident that opportunities
customer choice, minimise energy costs, | their predisposition to different offerings and failure to leverage S demand, storage and micro- afforded by smart metering, hh
and improve their overall energy system | service offerings opportunities for whole energy generation provides new settlement. smart appliances. digital
engagement experience system optimisation opportunities for operators to ! bp o ol
9ag P . Y P secure ancillary services. technologies, 10T etc can be exploited.
. Monitor trends/emeraing risks The traditional 'van_iIIa' appro_a_ch to
e SRS EUSIOMIES e on the power systemgan% metering, tariff design and billing for
Provide home / SME energy efficiency optlmumfﬁcpnomltzlevelhof Qo_me 16.1 16.2 implement mitigating actions dqmestic gnd SME customers woul_d
services energy etriciency through agvice on Ay Sk : i fail to provide the necessary incentives
usage behav_lo_ur and e!ectrlcal _ Given th_e p'otentlal scalle of the for customers to actively engage with
appliance efficiency rating selection !mpa_ct, it will be essential to the energy system, as would failure to
'de”t'fgﬁ”d ]E;?r:mter threatstto the | ensure open standards that permit
To serve customers' comfort and . . . operability of the power system lug-and-play interoperability.
. convenience needs through the Customers will varyiin their 2.1,2.2,25 arising from customer side of the PHo Py p / .
g 1 1 1
Provide home / SME energy d (HEMS) optimisati f willingness or ability to exploit these | ;% "1, 5 meter technologies - in terms both Consequences of failing to unlock this
management services manage ( ) optimisation o opportunities but most customers ARG flexibility would be that: additional
lectrical energy usage and . : 16.1, 16.2 of shocks to the system from ) : L
© 9y N are likely to find one or more ' eneration and network capacity would
minimisation of waste y demand step changes and cyber | Y : ; pacity v
Suppliers acceptable. security. be required; a higher level of fossil
. (large and Failure to exploit opportunities fuelled thermal generation would need
cqstomers mart home energy tariff options (enabled by smart 0 ENSUE customers can meet their i 3 Tianti The provision of flexible tariffs would be at risk; opportunities for new
thsmart | M gy b y energy needs at the lowest cost will result in underutilisation of 2.2,14.1,14.2 :
Wlenes and energy metering and hh settlement) and/or cons?s);ent e e smart metering system functionality | 101 155 | SUpported by smart meters and revenue streams would be missed and
gy management other forms of contracts for flexibility ; P and higher overall electricity Dt hh settlement for profile class 1-4 | electricity prices would be higher.
choices . i cl id . electrical energy usage patterns and X 16.1, 16.2 as well as 5-8 customers is the i i i i
service with clear guidance on optimum e consumption than necessary and : : Ul Whilst ToU tariffs and price signals are
roviders selection criteria PP y i Yo first step to unlocking flexibility at e st
p suboptimal electricity demand i ; a precursor to accessing flexibility,
profiles. theddomesél_c and T'CrO'SME level | trials have shown that they alone are
; i . . : and rewarding customers -
Provide a range of smart energy To enable customers to manage their | This in turn will lead to higher accordingly. However, maximising lslin“nl?ﬁ(l;g]()tleg%%%rag?hglijrsgz;ars to
account management and information energy budgets and ensure they are | overall system capital and the exploitation of flexibilit 9 Y g€ gy
S . . . NS . - 2.1,2.2,25, plort y consumption behaviour.
services including smart tariff accessing the most economic tariffs operating costs of both providing 41 141 16.1 | opportunities from the customer . .
comparison and switching through the and service providers through trusted | security and managing GHG 1'6 2 T | side of the meter will require Non-traditional business modelg and
development of ‘trusted' consumer in-home applications with inbuilt emissions. ' appropriate technical integration, new _a_pproa}ches to energy service
access devices. cyber security provision. Ensuring data privacy and cyber- and markets and settlements ]E)I’O_\II_ISIOH_ will be _reqw_rehd which .
security of in-home applications provisions, to facilitate active acilitate |nt|e_ract|ont wit Cusst(f)lgz[)sility
: which communicate with the engagement of customers and silzfo)elfalllses ol s u sl
To enable customers to exercise electricity svstem will b tial the?r gervice RS T A and reward customers accordingly.
heir willingness to flex (or allow their y Sy will be essential. P ug i i idi
t g i ] i ] ] full range of customer choices Further service offerings providing
. . . service provider to flex) their energy | Failure to provide this functionality ' incentives for customers to engage
Provide domestic / SME customers with . . an g
i : usage to take advantage of periods | has consequences for all three could include provision of lifestyle
opportunities for income or reduced : 7 : 21,22,25, : ;
electricity charges through their of lower market prices in return for elements of the trilemma. 141 18.1 Implement smart grid to SETEEE SR A TS Garire | A
provision of flexibility services (enabled | '©Wer CIUSftIOTT}er e_nergyf charg(;:'s - for 152 16.1, maximise system capacity monitoring (e.g. via a mobile phone or
by smart metering, HEMS, smart example flexing time of use ot ‘wet 16.2 Automating customer side of the tablet app) of heating, lighting, security
: goods to exploit dynamic tariffs that . X : alarms etc.
appliances, 10T) reflect differences in market price meter actions will be essential to
due to variations in output of low- securing the scale and speed of Arbitrage opportunities with other
: response required for some energy vectors will be increasingly
carbon generation P q . "
aspects of system operability, as important to ensure opportunities for




Perspective 2

Which of the
35 new power
. . . . . system .
The Business Service Provider Business . . The likely consequences of ; What are the main reasons .
. The lead party o : Why are these services important? - X X functions are . Common Conclusions
Drivers Opportunities & Requirements failing to provide these services T these functions are needed?
have in
place?
_ _ will monitoring the effect of such change of use of existing energy
_ - Failure to leverage effective energy actions. infrastructure are exploited where this
To permit exploitation of cross-vector | arbitrage opportunities that would Form and share best view of will reduce the need for new electricity
2 Providin Provide smart home / SME energy energy arbitrage opportunities (for otherwise exploit latent capacity of 2122 25 state of svstem in each time infrastructure capacity. At the domestic
eher 9 cross-vector arbitrage management services. example through hybrid heat pumps | other energy vectors (for example 3‘1’ 4‘1’ 15 1 scale y level, hybrid heat pumps, dual-fuel
gy energy Provide information and education for and cooking appliance options and/or | underutilised gas networks which B oA cooking and water heating facilities
arbitrage . . : : 15.2, 15.4, : d itoring th S,
opbortunities | companies customers to help them understand the options from heat networks) to are suitable for adaptation to low 16.1 162 ASS_G_SSIHQ and monitoring the and access to heat networks are likely
PP big picture and the overall opportunities. | minimise impact on peak-time carbon gas options) and e positive and potentlally negative to prove effective measures to support
electricity demand infrastructure to minimise electricity impacts of customer side of the the cost-efficient decarbonisation of
system capacity requirements. meter interventions will be heat. There is value to all parties in
important to assessing whole gaining access to the value streams
5%’5;?'? operability, security and arising from cross vector arbitrage
. stability. : .
smart home . . To ensure required comfort and _ _ However, accessing demand-side
and energy Provide smart home / SME electric convenience levels are achieved at Manage interface with flexibility to manipulate demand
space and water heating services ted t X el ; )
management customised to reflect day-to-day the least overall system cost and 4.1,12.1,13.1, | connecied sysiems profiles carries inherent risks. One is
service NS e therefore energy price level, 15.1, 15.2, It will be important in investment | that if not co-ordinated from a whole
. . variations in weather conditions and o e s : :
providers in times of home / business premises exploiting flexibility from thermal 16.1, 16.2 planning timescales to understand | system perspective, changes in
conjunction occupancy insulation and hot water storage and the impact on other energy demand profile could lead to voltage or
with vendors customising heating cycles vectors of energy arbitrage thermal-rating related network
Failure to exploit opportunities actions. constraints (for example tariff price
through not providing these options BRI RN EIEERR S'0nals linked to renewable generation
will result in these new low carbon emergencies output). Another risk is that if not co-
electricity applications giving rise to ven the predicted lowering of ordinated, demand-side interventions
Smdart home h|gher than necessary System peak (Ssl\slteenn: |§er:':|ea ;?'Eg'n O;Ir\-loerrrl]ng 0 F:Ould create technical or commercial
3. Providing | 2"¢ €nergy demands requiring additional y 9 imbalances.
management : ot d reduced levels of synchronous . , ,
smart : ) ) ) - L generation, transmission an " | A further important risk to address is
: service Provide smart flexible home / small To exploit opportunities to minimise distributi ; 2.1,2.2, 2.5, generation, new forms of rea i .
options from . . . . . . Istribution system capacity, cn - that step changes in domestic demand
providers in business EV charging management EV charging at times of system peak iallv high Ceai 12.1, 14.1, power injection or rapid demand L
new low ; ; . : > = . potentially higher GHG emissions : - : .| created by mass switching of
conjunction services customised to reflect customer | demand and/or maximise charging at | 4 d f Ki 14.2,15.1, reduction will be required. Certain .
carbon X o o . X X ue to greater need for peaking ; ; appliances (for example EV chargers)
with EV variations in driving patterns (this could | times of high output from low carbon | T 15.2, 13.1, domestic and micro-SME . .
energy : oot : plant, potentially reduce o as a result of either a control signal or
27 manufacturers | include V2G applications) generation ; | ; ; f|16.1,16.2 applications could be adapted to e o
applications and chargin generation plant margins at imes o provide fast (as well as dynamic) | & tariff price change could destabilise
and infrastrugturge exceptionally high demand (e.g. frequency response and so assist | the 9rid and create a serious frequency
resources roviders (STt Tl in the stabilisation of the grid in excursion and possible system
P temperatures when weather the event of a system shock (such | Snutdown. Not least of the risks to be
dependent generatlon_output may as a loss of a major infeed) addressed is that wide scale access to
be very low and electrical heating HEMS, smart appliances and customer
demand very high) and higher access devices carries a heightened
overall costs of electricity. risk of hacking into the associated
smart home Ultimately it might result in reduced communications and data
;n;n:ngggn ¢ To maximise in-home / business ::aatrebgmescchilmilgf it:lge-up il managelm_erllt sysltem§._ Given the
servicge Provide home / SME electricity demand IEEETT UEEG O SEipEnErEisn IS o3 Gty 25 D ooy system
roviders in rofile optimisation o ortunitii:s from CISETEG7 o MIED CUEEE)y bty Aty o _res!hence o
Eon'unction Eﬂcro- (Eneration andppmicro-electrical PP EE INEe? @Y R CEFeET 14.2,15.1, o Sl G2 S i i
with] S| e gstora o charges - whilst also reducing 15.2, 3.3, 16.1, against corruption and cyber attack will
9y 9 thermal loading and/or voltage rise 16.2 be essential.
and home . S .
eneray storage constraints on LV networks The overall conclusion is that it would
vendgoﬁs 9 be erroneous to envisage these

important new opportunities and
functionalities simply being grafted on
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Drivers Opportunities & Requirements failing to provide these services e —_ these functions are needed?

have in
place?

_ _ _ _ to today's power sector model - the
smart home Albeit associated with wider changes now emerging offer not only
and energy applications than energy usage, such new roles for existing parties, but also
management Provide added-value services such as: added-value services utilising smart Missing the opportunity to provide the opportunity for new parties who are

- service home security, smoke and fire detection, | energy communications such services which deliver positioned to provide more efficient or
4. Providing . . ) . . . . : : :
added-value providers in health & safety alarms & alerts, remote infrastructure will enable service perceived lifestyle benefits will 25 16.1 16.2 whole system solutions to the
services conjunction monitoring and control, learning providers to differentiate themselves, | resultin a missed opportunity to D challenges. Traditional Suppliers will
with in-home thermostats, intelligent lighting, other increasing effective competition and encourage customer engagement need to evolve to compete with new
communication | customised Al applications, etc. encouraging customers to engage with smart energy systems business model companies providing
s technology with smart energy management energy and lifestyle services,
vendors system offerings. leveraging technological advances in
smart appliances, communications,
energy management and smart
To ensure that smart electricity 21,25,4.1, metering systems.
Provide a power system demand gqn&::gi%:n;re]mosrigvrlgiis %%rrgi)rtm ESUIE iii igi However, co-ordination of energy
diversity management service behavi gr gf r ex mgl m g 15'2’ 3 3 ’16 1 service providers actions with the
e_tah_ou S ( ohe amp ?t "’.‘fsfs . 16.2, e wider operation and management of
SN QI € UL (2 L e : the whole electricity system will be
essential to avoid system shocks and
Th ; id | X inefficiencies.
ndi i ese services would complemen
: ; Building portfolios of aggregated lifestyle enhancin servicesthrou h Finally there is the opportunity for
Provide power system balancing and home and micro-SME flexible Sty gse gh 121,22 25, communities to exercise self-
reserve services through portfolios of demand contracted services with using demand flexibility and 4.1,14.1, 151, sufficiency and plan and invest to
: 3 3 i managed diversity to avoid y and pis .
aggregated home and SME flexible residential / SME customers will 15.2, 12.1, T L T R e
idi ; ot i unmanageable system shocks, pera gna, € gency
5. Providing _ demand and generation contracted enable exploitation of demand-side ! 13.1, 16.1, situations, or routinely.
power Suppliers services with customers flexibility to reduce system balancing | reéduce system balancing costs, and | 16 > '
system (large and costs and need for reserve services | Manage network constraints.
management | small), NTBMs The system services provided from
SEIVICES smart home portfolios of contracted flexible
(ancillary and energy Flexible appliances - esp. '‘always on' | services with customers will need
services) to management . . appliances such as refrigeration appropriate management to ensure
the GBSO service Provide frequency réSpOnse SErvices (subject to thermostat control) - can that they do not result in conflicts - 2.1,25,4.1,
- through contracts with customers to . : : L .
and/or local providers : provide an effective dynamic and/or such as provision of balancing 11.1,12.1,
permit controlled use of automated / . i
DSO : . fast system frequency response services creating a local network 13.1, 14.1,
autonomous flexible appliances (e.g. : . ; :
) X ! . service provided measures are taken | constraint, or delivery of network 15.1, 15.2,
refrigeration and possibly EVs operating : ) o .
. to avoid over-compensation and constraint management services 16.1, 16.2
in V2G mode) . . . . : .
_potent_lf_:ll hunting leading to system creating a technical or commercial
instability system imbalance.
Provided portfolios of localised
Provide local power network constraint clusters of contracted flexible 2.1,25,4.1,
management services through localised | services from residential / micro-CHP 12.1,13.1,
portfolios of aggregated home and SME | customers can be assembled then 14.1, 15.1,
flexible demand and generation opportunities exist to provide DSR 15.2, 16.1,
contracted services with customers services to DNOs to ease local 16.2
network constraints
To enable exploitation of local energy | Failure to make provision for inter
o _ N _ community low cost / low carbon and intra-community, or peer-peer | 2.1, 2.5, 6.1,
6. Providing energy Provide opportunities for intra- produced (or procured) electricity by | trading arrangements, that are cost- | 10.1, 11.2,
energy community community, inter-community and peer- | using innovative applications such as | reflective in terms of network usage | 14.1,14.2,
eI SErviee to-peer trading, including using distributed ledger technology to (and losses) and system balancing | 15.1, 15.2,
SEAEED providers aggregated flexibility for trading and enable community-to-community and | could undermine the business case | 15.5, 3.3,12.1,
arbitrage peer-to-peer energy transactions and | for community energy schemes, 13.1,16.1,
16.2

encourage localised balancing of
electricity production, arbitrage and

and hence put at risk opportunities
for more efficient localisation of




Perspective 2

Which of the
35 new power
: . : . . system .
The Business Service Provider Business , . The likely consequences of ; What are the main reasons ,
. The lead party o : Why are these services important? o : X functions are . Common Conclusions
Drivers Opportunities & Requirements failing to provide these services e —_ these functions are needed?
have in
place?
usage. energy production and usage.
Forming communities of private and
commercial EV users (possibly in
conjunction with EV manufacturers Failure to seize the opportunities 2.5,3.3,11.2,
and charging infrastructure service afforded by a new EV market will 14.1, 14.2,
Provide an EV (virtual) energy providers) will create opportunities for | be a missed business growth 15.1, 15.2,
community service improved monitoring and smart opportunity for service providers 15.5,12.1,
charging and billing service offerings, | and a missed opportunity to 13.1, 16.1,
whilst leveraging scale to secure encourage EV adoption 16.2
attractive energy tariffs customised
for EV users.
A 'smart city' would optimise the Failure to apply an integrated whole
utilisation of its entire infrastructure system approach to the planning,
. ; . : : 2.1, 25, 3.3,
(including but not exclusively energy | management, and operations of city 6.1 101 11.2
. L . and transport) primarily through infrastructure and services will lead PR
Smart city services: ie Supporting " : e o L 14.1, 14.2,
; ; information technology and citizen to underutilised capacity, inefficient
integration of energy vectors, transport, .S . . 15.1, 15.2,
S : engagement. This will help ensure costs, and missed opportunities to
communications and other infrastructure . . - . 15.4, 15.5,
an efficient, economic and develop an efficient, economic and 121 13.1
coordinated overall total city coordinated city ecosystem leading 16. 1’ 16.2,
management system for the benefit to suboptimal quality and costs of R
of citizens. services for citizens.
Failing to exploit opportunities to
optimise utilisation of energy
Providing integrated private multi- MERYERE IS0 oy e [P
9 9 P network community could result in 2.1, 25, 3.3,
vector energy network management ; .
energy services o maximise ener either underutilised assets or 6.1, 10.1, 11.2,
: ay :
community Private ener - premature replacement - either of 14.1, 14.2,
X gy network management production (or procurement), .
service i ; : which could lead to unacceptable 15.1, 15.2,
, ) services arbitrage, and demand side
providers in o stranded costs or pressures for 15.4, 15.5,
‘ : management opportunities to . :
conjunction L o costly reinforcement falling on the 12.1, 13.1,
X ) optimise network utilisation and ; . .
with private . private network community. This 16.1, 16.2
overall cost of energy provision . .
network could extend to over-investment in
managers utility assets which supply the

private network.

The opportunity to provide power island
services.

Enable communities to go off-grid
either in emergency situations, or as
more usual operating mode.

Frustrate the ability of owners of
power producing assets from being
self-sufficient at times of local or
national energy system stress.

Enable energy self-sufficiency.




3  Perspective 3 - Large 1&C Customers, Aggregators, Energy Communities, Smart Cities/Local Authorities, DG Operators, Storage Operators, VPPs and Virtual Communities

Which of the
35 new
power
The Business The lead Service Provider Business Why are these services The likely consequences of system What are the main reasons these :
. e . : - - - . . Common Conclusions
Drivers party Opportunities & Requirements important? failing to provide these services functions functions are needed?
are critical
to have in
place?
Enable and execute necessary Based on need for greater flexibility to
operator interventions deal with an increasing dependence
I&C customers will generally Given the necessary development of | ON Weather-dependent generation,
Offer energy usage/ pattern monitoring benefit from impartial expert advice technology and attention to markets, | 2d domestic demand profile changes
technologies that will help 1&C customers | on the benefits and economies of I&C demand, storage and arising from solar PV, EVs and heat
to identify opportunities to minimise managing their energy usage generation provides new pumps, it is evident that opportunities
energy costs and MD charges - including | patterns. As well as reducing their " i 2.2,16.2 opportunities for operators to secure | &iforded by I&C customer BEMS and
through energy storage options and costs the potential exists to release Cltlllgtomers Wi ‘tﬁ.ry it e|r| . ancillary services. communications technologies to
selective usage of standby generation, network capacity and ultimately clltiglnezs i elallling e cogglals Monitor trends)/ ing risk unlock flexibility opportunities will need
; - these opportunities but most 1&C e R to be exploited.
and through alternative working patterns. | reduce system demand / peak . : 3
customers are likely to find one or the power system and implement L .
demand. abl mitigating actions The traditional 'vanilla' approach to
o E S plel el _ _ I&C energy service provision would fail
Failure to exploit opportunities Given the potential scale of the to provide the necessary incentives for
through not providing these impact, it will be essential to identify | 1,51 1&C customers to actively
options will result in higher overall andhcounter threats to the operability | ¢ngage with the energy system.
Suppliers I&C customers will generally CLHEIE RS i i of the power system arising from Consequences of failing to unlock this
X . . . necessary and suboptimal I&C customer interactions with the o . "
(large and benefit from impartial expert advice - i flexibility would be that: additional
" electricity demand profiles system (for example in providing ) :
small), _ . o on the opportunities for energy y P : frequency response or demand turn- | 9€neration and network capacity
1 Providing 1&C NTBMs smart | Provide business energy efficiency wastage avoidance, waste energy | This in turn will lead to higher than A R would be required; a higher level of
c.ustomersg\]/vith business and | consultation services - including advice recovery and technologies to necessary system peak demands o0 T e el CEHETE fossil fuelled thermal generation would
——— business on_hlow to avoid wastage through more reduce Qemand W|thogt impacting requiring additional generation, step changes and cyber security need to be retained; GHG emission
advice andgy energy efficient energy management (proximity | production. The benefits could transmission and distribution 22,162 ' targets would be at risk; and electricity
choices management | detection for lighting; waste heat recovery | include reduced energy system capacity, potentially higher Market developments prices would be higher.
service opportunities; Al applications; power consumption and reduced DU0S GHG emissions due to greater Although the 1&C market is already . -

: : T : . 28 Whilst existing ToU and MD based
providers - in | factor correction; etc.) MD (kVA) charges. System need for peaking plant, potentially more attuned to flexibility, there are | ¢nergy and DUOS tariff price signals
conjunction beneﬁ_ts mclude_releasmg network | reduced generation plant margins - increasing opportunities for 1&C are a precursor to accessing and
with vendors capacity and ultimately system all of which ultimately leads to customers to participate in system ding flexibilit : h

cieimElel el demelrie. increased energy prices for balancing and ancillary service [CNaIEIIG TIEX1 LY, SXpETIsnts fas
9 ary shown that they alone are unlikely to
customers. markets and rewarding customers encourage I&C customers to
Ensuring cyber-security of BEMS acc_or_d_lngly. Howe_yer, exploiting significantly change their energy
which communicate with the flexibility opp_cl)lrtunltl_es from 1&C consumption behaviour.
electricity system will be essential. customers will require appropriate P :
Provide a choice of transparent smart . . . o markets and settlements provisions | 'Non-traditional business models and
) ; . - To ensure 1&C customers can Failure to provide this functionality ; new approaches to 1&C customer
energy tariff options rewarding flexibility ; to ensure conflicts are managed (for _ < -
(enabled by MD metering and existing HH meet their energy needs at the has consequences for all three example commercial imbalance energy service provision will be
settement andloraner ormsor | oueslcosL consslerull ey | lementsafthelemma. 45436, | rks o Suppers).
contracts for flexibility with clear guidance Y 9 9y 16.2 b

on optimum selection criteria. For larger
I&C customers and EIUs this could
include Triad avoidance opportunities.

usage patterns and the scope for
flexibility inherent in their business
processes.

Implement smart grid to maximise
system capacity

Automating 1&C ancillary service
offerings will be essential to
securing the scale and speed of
response required for some aspects

to access flexibility and reward
customers accordingly. Further service
offerings providing incentives for 1&C
customers to engage could include
provision of business process
management services such as remote




Perspective 3

Which of the
35 new
power
The Business The lead Service Provider Business Why are these services The likely consequences of system What are the main reasons these Common Conclusions
Drivers party Opportunities & Requirements important? failing to provide these services functions functions are needed?
are critical
to have in
place?
of system operability, as will control and monitoring of space and
monitoring the effect of such water heating, lighting, security
actions. alarms, emissions alarms etc.
To enable I&C customers to Form and share best view of state | Arbitrage opportunities with other
Provide a range gf sfmart energy account | manage tr;]eir energy _bu_d_getshby_ of system in each time scale energy vectors will be increasingly
management and information services ensuring they are optimising their . o important to ensure opportunities for
including tariff comparison and advice on | network connection arrangements Ass_cta_ssmg gnd tm otr_1 |t|(|) ing th(tg chgnge of use of exisgﬁg energy
how to minimise connection costs (for (new or expanding businesses), 15.1. 16.1 i?:])S;:Vti 2?I&Fé?§uns,£n¥er:ega Ve infrastructure are exploited where this
new or extended premises) vis a vis accessing the most economic 16.2' o intgrventions will be important to will reduce the need for new electricity
required MPR and levels of security of tariffs, and managing their energy o cesaesE whelE & ster% operabilit infrastructure capacity. At the 1&C
supply, and subsequent DUQOS charges usage patterns, to optimise securit gnd stabili)t/ P 4 customer level, industrial dual fuel
(avoidance of red-band periods and connection costs, minimise their Y _ y.. processes, conversion to other energy
minimising MD charges) usage at peak / red band charge Manage interface with connected | \eciors for selected processes, waste
times and minimise MD charges. systems heat recovery processes, peak lopping
It will be important in investment options (including through energy
planning timescales to understand storage and standby generation) to
the impact on other energy vectors avoid Triads, and access to heat
of 1&C customer energy arbitrage networks are likely to prove effective
actions. measures to support the cost-efficient
Exploiting cross-vector energy Failure to leverage effective Provide capabilities for use in decarbonisation of I&C processes.
arbitrage opportunities (e.g. energy arbitrage opportunities that emergencies However, accessing I1&C demand-side
equipment or processes with dual could exploit latent capacity of Given the predicted lowering of flexibility to manipulate demand
2. Advising 1&C Provide advice on energy arbitrage fuelling capability) or opportunities | other energy vectors (for example system inertia arising from reduced profiles carries inherent risks. One is
customers on opportunities and/or conversion to to permanently switch fuel sources | underutilised gas networks which levels of synchronous generation that if not co-ordinated from a whole
energy arbitrage _ alternative energy sources - such as more | for processes where modern are suitable for adaptation to low 3.1, 15.4, i v e —" in'ection,or system perspective, changes in
and/or change Suppliers efficient and lower carbon electric alternatives provide cheaper and/or | carbon gas options) and 16.2. idd d dp . -J" b demand profile could lead to voltage
of fuel (large and industrial heat technologies and energy better quality products or business | infrastructure to minimise rapic 3mgn e :ggon vv||_ © or thermal-rating related network
opportunities small), storage options. services can reduce the customer's | electricity system capacity ;i%trj]'rzs 'e n:rrtalr;t ora aépgr:gaélgrr:z'b constraints (for example tariff price
NTBMs smart energy bills, improve product requirements could result in higher eneration (o?yDRUP%) could be y signals linked to renewable generation
bus!ness and quality or the working environment | costs of energy usage and gdapted to provide fast (as well as output). Another risk is that if not co-
business (and hence productivity). infrastructure provision. dynamic) frequency response and ordinated, I&C demand-side
energy a9 aEsE e sl o e interventions could create technical or
management grid in the event of a system shock | Commercial imbalances.
FS)?cr)\\l/li%eers -in (such as a loss of a major infeed). A further important_ risk to address is
conjunction that step changes in I1&C cus_tom_er
with vendors | provide added-value services such as: Albeit associated with wider Missing the opportunity to provide gefqg?]% g;e(?(t)?i fgmm?esfn?jvngrrig?g of
o business premises security, smoke and applications than energy usage, such services which deliver - pp : _ p
3. Providing fire detection. health & safety alarms & such added-value services utilising | business management benefits will scale refrigeration) by a VPP operator
added-value : o y smart energy communications result in a missed opportunity to 16.2 could destabilise the grid and create a
services lelts, et Mg die Coriel, infrastructure will enable service encourage |1&C customer serious frequency excursion and
intelligent lighting, other customised Al : . : : ibl tem shutdown. Not least
anplications. etc providers to differentiate engagement with smart energy possible Syste u 2 N
PP s themselves with 1&C customers. systems. of the risks to be addressed is that
wide scale external access to BEMS
through telecommunications systems
carries a heightened risk of hacking
4. Providing Suppliers I&C customers might have the Failing to provide these services into the associated communications
power system (large and Provide power system balancing and potential to offer a range of system | would miss the opportunity to 2533 41 and data management systems.
management small), reserve services through DSR, standby | balancing services through complement the above services 121 131 Given the potential risk to electricity
services Aggregators, | generation/ DRUPS (diesel rotary demand turn down / turn up through using demand flexibility 141 151, system security, resilience of the
(ancillary NTBMs and uninterruptable power supplies), energy | capabilities and use of standby and automated managed 6.1 communications and data systems
services) to the | business storage, generation in return for contracted | automatically through BEMS or o against corruption and cyber attack
GBSO and/or energy availability and utilisation payments | through 3rd parties communicating




Perspective 3

Which of the
35 new
power
The Business The lead Service Provider Business Why are these services The likely consequences of system What are the main reasons these Common Conclusions
Drivers party Opportunities & Requirements important? failing to provide these services functions functions are needed?
are critical
to have in
place?
local DSO management - brokered for example by an through BEMS to avoid will be essential.
servi_ce Aggregator unmanageable system shocks, The overall conclusion is that it would
providers reduce system balancing cos.ts, be erroneous to envisage these
and manage network constraints. important new opportunities and
The system services provided from functionalities simply being grafted on
portfolios of contracted flexible to today's power sector model - the
services with I1&C customers will changes now emerging offer not only
need appropriate management to new roles for existing parties, but also
Frequency response will become ensure that they do not result in the opportunity for new parties who
an increasingly valuable service to | conflicts - such as provision of are positioned to provide more
the SO as synchronous generation | balancing services creating a local efficient or whole system solutions to
continues to be displaced. network constraint, or delivery of the challenges. Traditional Suppliers
Response needs to be either network constraint management will need to evolve to compete with
continuous (dynamic) or fast (in services creating a technical or new business model companies,
response to a high rate of fall of commercial system imbalance. 2.1,25,4.1, Aggregators, and VPP operators,
Provide frequency response services frequency) and therefore 11.1, 12.1, providing energy and 1&C process
through automated demand reduction or automatic. Capability will therefore 13.1, 14.1, services, leveraging technological
real power injection capability depend on the I&C customer's 15.1, 15.2, advances in BEMS, communications
electrical equipment and its 16.1, 16.2. and smart Al systems.
processes. Electrical energy However, co-ordination of I&C
storage could be an option for customer energy service providers’
dynamic frequency response and actions with the wider operation and
standby generation, or DRUPS, management of the whole electricity
could be an option for fast system will be essential to avoid
frequency response. system shocks and inefficiencies.
If I&C customers can provide DSR
Provide contracted local power network services to DNOs (e.g. post fault)
constraint management services in in return for contracted availability 2.1,25,4.1,
exchange for availability and utilisation and utilisation payments then this 11.1,12.1,
payments through an ability to respond to | could allow DNOs to ease local 13.1, 14.1,
DSR calls - e.g. by turning down non- network constraints / maintain 15.1, 15.2,
essential load, shifting demand to a later required levels of supply security 16.1, 16.2.

period, or running standby generation.

and avoid or defer network
investment.




Perspective 3

Which of the
35 new
power
The Business The lead Service Provider Business Why are these services The likely consequences of system What are the main reasons these Common Conclusions
Drivers party Opportunities & Requirements important? failing to provide these services functions functions are needed?
are critical
to have in
place?
To enable exploitation of local Failu_re to make prpvision for inter
it low Cost / low and_mtra-commumty, or peer-peer
energy community trading arrangements, that are
carbon produced (or procured) cost-reflective in terms of network 2.5,6.1,10.1,
Provide opportunities to I&C customers electricity by using innovative usage (and losses) and system 11.2,12.1,
for intra-community, inter-community and | applications such as distributed balancing could undermine the 13.1, 14.1,
peer-to-peer trading (e.g. in CBDs and ledgers to enable community-to- business case for community 14.2,15.1,
business parks) community and peer-to-peer energy schemes, and hence put at 15.4, 15.5,
energy transactions and encourage | - e - 16.1, 16.2.
localised balancing of electricity i Gl IS for wmore effl_C|ent
production and usage. localisation of energy production
and usage.
The 1&C sector has a major
Provide opportunities to 1&C customers to | influence on electricity
participate in virtual communities - consumption and demand shape, Failure to exploit this capability
VPP enabling aggregated portfolios of flexible but is also well placed to flex net would be to miss an important
- Operators, demand and generation (e.g. industrial demand from the power system opportunity to reduce the cost of 25 6.1 10.1
. Explom_ng Aggregators, | refrigeration, commercial air-cooling, (and inject real or reactive power) system balancing and frequency ; 2 o
real and virtual business standby and peak-lopping generation, to provide system balancing, management and potentially lead (L2, L8
1&C energy energy waste-to-heat recovery, etc.) VPP frequency response and reserve to inefficient investment in (Dl (202
community community operators could provide the overall services in return for new revenue | conventional system balancing EEifin 93,
opportunities service aggregation service and use the scale streams. Peer-to-peer trading of and reserve measures such as
providers and flexibility of the portfolio to secure energy between I&C customers (as | central generation.
competitive prices for services. opposed to selling services to the
SO) is a further opportunity.
Forming communities of
commercial EV users (possibly in
conjunction with commercial EV : . ..
manufacturers and charging Failure to seize the opportunities
. . . .. | afforded by an emerging market
infrastructure service providers) will
create opportunities for improved ta_rgeted at_ 1&C EV fl_eet owners 6.1, 10.1,
_ _ _ monitoring and smart charging and will be a m|ssed buslness g_rovvth 11.2,12.1,
Provide an 1&C and public EV charging billing service offerings, whilst opportunity for service providers 13.1, 14.1,
(virtual) energy community service leveraging scale to sec’ure and a missed opportgnity to 14.2, 15.1,
attractive energy tariffs customised encourage c_ommermal EV 15.4,15.5,
adoption - with overall 16.1, 16.2.

for I&C customers with fleets of
EVs - including public transport
fleets. Public EV charging
infrastructure providers could also
benefit from this service.

consequences for decarbonisation
of transport objectives.




Perspective 3

Which of the
35 new
power
The Business The lead Service Provider Business Why are these services The likely consequences of system What are the main reasons these .
. .- . . e . . . . Common Conclusions
Drivers party Opportunities & Requirements important? failing to provide these services functions functions are needed?
are critical
to have in
place?
\éPP Failing to exploit opportunities to
perators, e . . o
Providing integrated private 1&C optimise utilisation of energy
Aggregators, .
bUSINESS multi-vector energy network - ne_tworks funded by the I&C 33 6.1 10.1
ener management services to maximise | private network community could 1‘1 2 14 1 o
9y . energy production (or result in either underutilised assets o A=
community Private 1&C energy network management . . 14.2, 15.1,
. i procurement), arbitrage, and or premature replacement - either
service services - . 15.4,12.1,
. : demand side management of which could lead to
providers in . = 13.1, 16.1,
coniunction opportunities to optimise network unacceptable stranded costs or 16.2
wi thJ rivate utilisation and overall cost of pressures for costly reinforcement o
netwgrk energy provision falling on the I1&C private network

managers

community.




4  Perspective 4 — Policy Makers, Academia, and Research Councils (though power sector academia will probably be interested in all templates), non-technical media

Policy or Other
Driver

The likely consequences

Which of the 35
new power

Interested Policy Objective The Contribution of of failing to provide system functions What are the main reasons these new power Common Conclusions
Party the Power Sector these power sector itical to h system functions are needed?
contributions are critical to have
in place?
Decarbonisation | BEIS Market developments Based on need for greater flexibility to deal
of Society Committee for The challenges here are new to network companies \év'th arélncreasmg erenddezce on Wec‘?ther' .
Climate and will require solutions to technical, commercial and epf_eln ehnt gENCIaiion; fan orresFt:{:/ E\Tan
Change regulatory issues. Furthermore, they span company pr(yhe changes arising _r((j)m sc;]ar » EVS
boundaries and require whole-system approaches. In an eat_pumpf?, Itdlsdel\all L Lz ina. hh
particular they require customer and third party opplortunmes ariorde i ysmaré_metlermg,
engagement at significantly higher levels than in the SIS, SME e YHEINEEs;, el
past technologies, l0T etc. will need to be
Enabl h 1S ENEUTIE EF Demand side flexibility will require new modelling and explotted.
nable a much more - N :
flexible electricity azg;(:;\tli/;r?roocszriglczento forecasting tools, new regulatory and commercial Thiftaadmonal (;/%r”_lla ?ppcrloach i me;egr':/glqé
system, capable of gonnect to tFr)1e shemiian mechanisms, and the data to drive these techniques G2 IZEEIT] 0T Id f' !lng or q(;ne?m an
connecting and X e and the protocols and data management systems to pustomers (AL D (B € S MECSEEET
. . ; system will be limited. bl inf ion shari di - incentives for customers to actively engage
Contribute to the integrating the o enable secure information sharing and interpretation. ith th
decarbonisation of society b operation of Itis likely to be necessary = i i with the energy system.
_ Satl y by p o to extend the operation of The provision of flexible tariffs supported by smart Consequences of failina to unlock this
taking action in areas renewable electricity e S meters and half-hour settlement for profile class 1-4 as | o 'b'I'? il t'g ot "
including the production of sources. Hamessing | 2 fgésil T 01 11 2.1 3.1- well as 5-8 customers is key to unlocking flexibility at ai)c(il nlelt?//v\cl)vriuca aecit av;u?uldl l')%nfé gueirneec;?eion
SEMOI, TINE ML, 6] & SMatCEne traditional transmission 3.2;3.3;4.1,5.1; the domestic and micro-SME level and rewarding higher level of fgssil);uelled thermgl l
road transport. In support of side, incorporating ST | ST T aUE 5261 7.1 8.1 customers accordingly. However, exploiting flexibility gegneration TS et o e et e
— this, accommodate low or storage and generators to provide the | 8:2; 9.1; 9.2; 10.1; opportunities from the customer side of the meter will g g g ity and
. zero carbon electricity sources | intelligent systems flexibility and stand-b 111 11.2- 12 1- require appropriate markets and settlements provisions ot VT oy
in great numbers on the beyond the meter’, i neyeded . ensu?/e 141 142+ 15.4. to facilitate active engagement of customers and their | €'€ctricity prices would be higher.

distribution network, facilitate
EV charging, and develop
opportunities for cross-vector
energy optimisation.

to create the
additional flexibility
necessary for
maintaining secure
and cost-effective
electricity system
operation as these
changes take place.

secure national system
operation as the
proportion of non-
controllable generation
increases and as system
characteristics change
(lower inertia and reducing
system strength).

service providers through a full range of customer
choices at a more local level.

Implement smart grid to maximise system capacity

Automating customer side of the meter actions will be
essential to securing the scale and speed of response
required for some aspects of system operability, as will
monitoring the effect of such actions. Design changes
may be required to home energy management systems
and smart devices, for example to introduce
randomised starting or intelligent response to system
frequency or voltage.

For new services to customers to be simple and
seamless, there must be co-ordination of inter-
operability between devices, commercial arrangements
that are not overly complex, and concepts and controls
that are user-friendly and sufficiently standardised for

Whilst ToU tariffs and price signals are a
precursor to accessing flexibility, trials have
shown that they alone are unlikely to
encourage customers to significantly change
their energy consumption behaviour.

Non-traditional business models and new
approaches to energy service provision will
be required which facilitate interaction with
customers' energy appliances to access
flexibility and reward customers accordingly.
Further service offerings providing incentives
for customers to engage could include
provision of lifestyle services such as remote
control and monitoring (e.g. via a mobile
phone or tablet app) of heating, lighting,
security alarms etc.




Perspective 4

Policy or Other
Driver

Interested
Party

Policy Objective

The Contribution of
the Power Sector

The likely consequences
of failing to provide
these power sector

contributions

Which of the 35
new power
system functions
are critical to have
in place?

What are the main reasons these new power
system functions are needed?

Common Conclusions

Environmental
Lobbyists

DfT

Promote a high penetration of
EV and hybrid vehicles, fully
using their inherent flexibility
to minimise electricity system
(generation and network)
investment.

Facilitate smart
charging of EVs,
including V2G
applications to
promote
convenience and
minimise overall cost
of EV refuelling
arrangements.

EVs can be
integrated as part of
the overall smart
home, making use of
their charging
flexibility and
potential storage
capabilities.

Additional peak generation
will be needed if refuelling
is unconstrained.

Substantial network
reinforcement and
investment will be
inevitable to cope with the
new system peaks arising
from inflexible refuelling
behaviour. Unconstrained
charging in EV clusters will
result in network
overloading and voltage
limits being exceeded.

customers to recognise and enjoy using them.

Enable and execute necessary operator
interventions

To make available the necessary sensors, data, and
commercial mechanisms. Ensure data inter-operability
and open systems so that information can be analysed
and shared between key parties, for example DSOs,
the GBSO and energy market participants. Commercial
mechanisms will require implementation of highly
robust and auditable data systems

Given the necessary development of technology and
attention to markets, domestic and SME demand,
storage and micro-generation provides new
opportunities for operators to secure ancillary services.

Investment planning and operational planning will
require close co-operation. Functionality changes may
need to be designed-in to the controls of automated
systems.

Manage interface with connected systems

It will be important in investment planning timescales to
understand the impact on other energy vectors of
energy arbitrage actions.

Market developments

The challenges here are new to network companies
and will require solutions to technical, commercial and
regulatory issues. Furthermore they span company
boundaries and require whole-system approaches. In
particular they require customer and third party
engagement at significantly higher levels than in the
past.

EV flexibility will require new modelling and forecasting
tools, new regulatory and commercial mechanisms,
and the data to drive these techniques and the
protocols and data management systems to enable
secure sharing and interpretation.

The provision of flexible tariffs is key to unlocking EV
flexibility and rewarding customers accordingly. This
will require appropriate markets and settlements
provisions to facilitate active engagement of EV
customers and their service providers.

Implement smart grid to maximise system capacity

Automating EV charging will be essential to securing
the scale and speed of response required for some
aspects of system operability, as will monitoring the
effect of such actions as customer choices influence
EV penetrations and locations. Design changes may
be required to EV charging systems, for example to
introduce randomised starting or intelligent response to
system frequency or voltage.

For EV services to customers to be simple and
seamless, there must be co-ordination of inter-
operability between devices, commercial arrangements
that are not overly complex, and concepts and controls
that are user-friendly and sufficiently standardised for

Arbitrage opportunities with other energy
vectors will be increasingly important to
ensure opportunities for change of use of
existing energy infrastructure are exploited
where this will reduce the need for new
electricity infrastructure capacity. At the
domestic level, hybrid heat pumps, dual-fuel
cooking and water heating facilities, and
access to heat networks are likely to prove
effective measures to support the cost-
efficient decarbonisation of heat.

However, accessing demand-side flexibility to
manipulate demand profiles carries inherent
risks. One is that if not co-ordinated from a
whole system perspective, changes in
demand profile could lead to voltage or
thermal-rating related network constraints (for
example tariff price signals linked to
renewable generation output). Another risk is
that if not co-ordinated, demand-side
interventions could create technical or
commercial imbalances.

A further important risk to address is that step
changes in domestic demand created by
mass switching of appliances (for example
EV chargers) as a result of either a control
signal or a tariff price change could
destabilise the grid and create a serious
frequency excursion and possible system
shutdown. Not least of the risks to be
addressed is that wide scale access to
HEMS, smart appliances and customer
access devices carries a heightened risk of
hacking into the associated communications
and data management systems. Given the
potential risk to electricity system security,
resilience of the communications and data
systems against corruption and cyber attack
will be essential.

The overall conclusion is that it would be
erroneous to envisage these important new
opportunities and functionalities simply being
grafted on to today's power sector model -
the changes now emerging offer not only new
roles for existing parties, but also the
opportunity for new parties who are
positioned to provide more efficient or whole
system solutions to the challenges.
Traditional Suppliers will need to evolve to
compete with new business model
companies providing energy and lifestyle
services, leveraging technological advances
in smart appliances, communications, energy
management and smart metering systems.

However, co-ordination of energy service
providers’ actions with the wider operation
and management of the whole electricity
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customers to recognise and enjoy using them.

Enable and execute necessary operator
interventions

To make available the necessary sensors, data, and
commercial mechanisms. Ensure data inter-operability
and open systems so that information can be analysed
and shared between key parties, for example DSOs,
the GBSO and energy market participants. Commercial
mechanisms will require implementation of highly
robust and auditable data systems

Investment planning and operational planning will
require close co-operation. Functionality changes may
need to be designed-in to the controls of EV charging
systems.

Manage interface with connected systems

It will be important in investment planning timescales to
understand the impact on other energy vectors of
energy arbitrage actions.

Affordability

BEIS

Decarbonise the production of
electricity, and accommodate
low or zero carbon electricity
sources and new demands in
greater numbers on the
distribution network and
ensure that this is done at
minimum cs to customers.
This is key to both minimising
costs to the fuel poor, and
also assisting industry to be
more competitive
internationally.

Importantly, this requires a
significant increase of
engagement with customers.
It must be attractive and
seamless, with high standards
of service quality. Perspective
5 expands on some of these
aspects.

Take full advantage
of the facilities
provided by smart
metering and (with
customer consent)
in-home monitoring
and automation
technologies. A co-
ordinated approach
here will assist
energy service
companies to design
products and service
offerings that will
increase customer
choice, minimise
energy costs, and
improve their overall
energy system
engagement
experience.

Decarbonisation without
flexibility will lead to higher
overall generation and
network costs.

Itis likely to be necessary
to retain existing, or even
create new, fossil fuelled
traditional transmission
connected synchronous
machines to maintain
secure system operation.

0.1;1.1; 3.1; 8.1;
8.2;9.2;11.1; 11.2;
14.1; 14.2; 15.1;
15.2;15.3; 15.4;
15.5; 16.1; 16.2;
16.3.

Market developments

The challenges here are new to network companies
and will require solutions to technical, commercial and
regulatory issues. Furthermore, they span company
boundaries and require whole-system approaches. In
particular they require customer and third party
engagement at significantly higher levels than in the
past.

Demand side flexibility will require new modelling and
forecasting tools, new regulatory and commercial
mechanisms, and the data to drive these techniques
and the protocols and data management systems to
enable secure sharing and interpretation.

The provision of flexible tariffs supported by smart
meters and half hour settlement for profile class 1-4 as
well as 5-8 customers is key to unlocking flexibility at
the domestic and micro-SME level and rewarding
customers accordingly. However, exploiting flexibility
opportunities from the customer side of the meter will
require appropriate markets and settlements provisions
to facilitate active engagement of customers and their
service providers through a full range of customer
choices.

system will be essential to avoid system
shocks and inefficiencies.
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Ofgem

Consumer
Champions
(Citizens

Advice etc)

Offer energy usage/ pattern
monitoring technologies that
will help I&C customers to
identify opportunities to
minimise energy costs and
Maximum Demand charges -
including through energy
storage options and selective
usage of standby generation,
and through alternative
working patterns.

Implement smart grid to maximise system capacity

Automating customer side of the meter actions will be
essential to securing the scale and speed of response
required for some aspects of system operability, as will
monitoring the effect of such actions. Design changes
may be required to home energy management systems
and smart devices, for example to introduce
randomised starting or intelligent response to system
frequency or voltage.

For new services to customers to be simple and
seamless, there must be co-ordination of inter-
operability between devices, commercial arrangements
that are not overly complex, and concepts and controls
that are user-friendly and sufficiently standardised for
customers to recognise and enjoy using them.

Enable and execute necessary operator
interventions

To make available the necessary sensors, data, and
commercial mechanisms. Ensure data inter-operability
and open systems so that information can be analysed
and shared between key parties, for example DSOs,
the GBSO and energy market participants. Commercial
mechanisms will require implementation of highly
robust and auditable data systems

Given the necessary development of technology and
attention to markets, domestic and SME demand,
storage and micro-generation provides new
opportunities for operators to secure ancillary services.

Investment planning and operational planning will
require close co-operation. Functionality changes may
need to be designed-in to the controls of automated
systems.

Manage interface with connected systems

It will be important in investment planning timescales to
understand the impact on other energy vectors of
energy arbitrage actions.
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Policy or Other

The likely consequences

Which of the 35

Driver Interested Poli biecti The Contribution of of failing to provide few fpowgr What are the main reasons these new power C Conclusi
Party EI1E7 (Ol the Power Sector these power sector syste'n) unctions system functions are needed? ommon L-onciusions
contributions are c.rltlcal to have
in place?
Security of BEIS
Supplies
) Form and share best view of state of system in
Uncoordinated or each time scale
unconstrained actions by . . . :
customers’ smart systems Assegsmg and monitoring the positive and potentially
could destabilise the negative impacts of customer side of the meter
system and lead to interventions will be important to assessing whole
widespread loss of system operability, security and stability.
supplies or even a total Monitor trends/emerging risks on the power system
Ensure that blackout. and implement mitigating actions
Ensure that decarbonising the customers’ smart In the event of a severe Given @he pqtenti_al scale of the impact, it will be
Ofgem production of electricity, and energy systems play system emergency, essenthl to identify and counter th_rgats to the
accommodating low or ,zero an_effectlve gnd including a black start, o_perablllty of the power sys_tem arising from customer
carbon electricity sources in rellal_)Ie contrlputory recovery would be side of the meter technologies - in terms both of shocks
great numbers on the part in managing the h.am.p.ered or even to the_ system from demand step changes and cyber
distribution network does not syst_em and do not S|gn|f|cantly_delayed by 0.1;2.1; 2.2: 2.3; security.
erode supply quality to actin a way that the uncoordinated actions | 2.4; 2.5; 2.6; 3.1; Provide capabilities for use in emergencies
g destabilizes the of millions of smart 3.2:51:52:6.1 . . . . . .
customers and to wider system resulting in T — 2181 82 9. Given the predicted lowering of system inertia arising
system security of supply. loss of supplies. ' 119 11,249 9 from reduced levels of synchronous generation, new
Accommodate safely high Ensure that when _ 13:13 14:11 16:31 forms of real power injection or rapid demand reduction
numbers of smart and active emergencies oceur The |mportance of ' ’ will be required.
systems that help customers | © &~ O | Increasing system Certain I&C applications, such as energy storage and
to manage their energy usage systems act in a flexibility is being widely standby generation (or DRUPS) could be adapted to
and be rewarded for providing | - o Sk Sigc recognised, but sources of provide fast (as well as dynamic) frequency response
increased system flexibility. recovery and does flexibility must be soundly and so assist in the stabilisation of the grid in the event
Consumer not frustrate it designed if they are not to of a system shock (such as a loss of a major infeed).
Champions ' be a new source of risk Some domestic applications (especially high power
(Citizens (and consumer (EVs, heat pumps) or always on (e.g. fridges) devices)
Advice etc.) frustration). New power

sector functionality is of
particular importance here
and must 'stay ahead' of
the deployment of new
sources of flexibility.

can also be adapted in the same way.

Recovering from a serious incident could be impossible
unless smart devices recognise the condition and
moderate their behaviour accordingly. Unconstrained
“smart” behaviour under emergency conditions is likely
to delay or prevent normal services being resumed.




5 Perspective 5 - Vendors new to the Supply Chain including grid edge products, data and communications systems and service providers, and white goods manufacturers

The Business Drivers Which of the
35 new
New Supply Chain Vendors - h h : The likely consequences of power h h .
The lead party Business Opportunities & iy a'ret E€SE Services failing to provide these system What are t. € main reasons Common Conclusions
Requirements important? services funct!o_ns these functions are needed?
q are critical
to have in
place?
1. To sell new products New third party
and services for use by vendors who are . These new power sector
residential and small C&I | established but not | There is potentially a large market LIS TEE el Gami[ornlEs (el (72252 functions are key enablers for
energy users in the energy across domestic and small commercial | Money on a sustained basis establishing a vibrant community
sector, and new and industrial customers, which can be of vendors at the grid edge. The | T1are is evident onportunity for
SMEs/ enabled through access to sensors and | & qater energy efficiency. main reasons for this are as new products andpservicesyto
Entrepreneurs/ clie, S 2plI5ElEN 2 VIR Et Making available the best deals follows: be provided at the grid edge,
SR g intelligent systems, provision of new and prices for energy including i)  they enable access for both by new and by established
smart white goods and other devices those in Fuel Poverty. Creating a information and the vendors. These products and
Including electric vehicle charging, and 1 416 flexible energy system on ability for the exchange | services can potentially add to
by creating a relationship with customers | o consumer side. Enabling (with permission) of power system flexibility,
of trust and willing engagement. clean energy uptake, locally and customers’ data, facilitate community energy and
natjonally. Meeting nation_al . i) they provide an Smart city developments, and
policy goals for decarbonisation environment where new | bring to domestic customers and
_ _ and air quality. Encouraging new vendors can identif small business and industrial
Vendors new to the supply chain require | vendors is important for bringing 2 : y customers a range of new and
insight and access to Capabilities for forward Crea’[i\/ity customer At an overall level. the opportunities, dESIQn’ . i iti
, , : _ _ ,  th develop and deploy their | attractive opportunities. These
developing, proving and marketing their | choice, and promoting consequences of failing to make roducts and servi developments offer the creation
products, such as access to customer competition. There is export available the necessary new RIS B SelRes, of new jobs and export
and power system data, which may be potential and job creation across | power system functions will be a iii)  they set the context for opportunities given the
derived from smart meters or through all these areas as the principles | shortfall in new vendors services that creaté New | inierational interest in similar
other sensing devices, and are applicable in many markets | operating successfully at the power system flexibility, | jeyelopments. None of this is
communicated through smart meter internationally. grid edge, a lack of innovative including the role of achievable under today's sector
channels or by other means. new services being offered to TETET aggregators, arrangements, which lack clarity
customers (that may be seen 2'5’ 6.1’ o iv)  provide a growing and of accountabilities for issues
Home energy management is not operating elsewhe_re in the 1;1 2 16 > healthy sector of the that span own ership .
Interaction with customers needs to be a priority for most people, but world), or a stuttering 14.1, CMEN] CECBm boundaries, make no provision

of high quality and probably primarily
through mobile devices such as smart
phones. Vendors require access to data
in standardised (open system) formats
so that applications work smoothly and
entirely reliably for the customer from
day 1, and upgrade paths can be
implemented seamlessly.

experience shows that customers
will use 'spare moments' at their
convenience for this if Apps are
easy and satisfying to use. For
some customers a gaming style
will appeal, with perhaps financial
or other rewards, or simply
creating a sense of 'beating the
system'.

New opportunities may be created
through data disaggregation, for
example fingerprinting techniques to
enable analysis of appliances types that
are contributing to total energy use, or
by finer granularity of time of use.
Disaggregation may require data
provision at a finer granularity than
provided for, say, simple cost-tracking or
billing.

Data disaggregation can inform
and delight energy users, for
example by revealing the
reasons for higher usage costs,
or identifying an appliance that is
not operating correctly, or
pointing to a change in
household use patterns. This
kind of diagnosis can be
automated and avoid calls to a
help desk that are time-
consuming for an energy or
service provider. Provision of
such information is likely to build

deployment of new services that
lacks the quality and
responsiveness to satisfy
customers and wider
stakeholders (such as investors
in SME companies, community
energy managers, and smart
city developers).

attracts and supports
investment, and

V) they provide the
requisites needed for
right first time" high
quality to services to
customers and the ability
for these to be
responsive to
developments and create
a base of highly satisfied
and engaged customers.
The alternative to
providing excellent and
continually improving
services to customers is
to compete on price
alone - in a market place
where customers can
simply switch elsewhere,
this is a 'race to the
bottom' that businesses
are wise to avoid.

for reasonable access to data in
open formats, and cannot
provide the agility to respond
to change in ways that will result
in great new customer offerings
and establish new levels of
engagement with a customer
base that has high
expectations for reliable,
attractive, and responsive new
applications, interfaced by (eQ)
smart phone devices.
Furthermore, both customers and
wider stakeholders will expect
high standards of data privacy
and cyber security which is an
end-to-end system challenge
that's problematic to address
under today's segmented
ownership structure
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The Business Drivers Which of the
35 new
New Supply Chain Vendors - : The likely consequences of power .
The lead party BusingspsyOpportunities & el are hese ssrwces failing){o provi(zje these SR What are the main reasonso Common Conclusions
Requirements important? services funct!o_ns these functions are needed?
are critical
to have in
place?
trust (although recognizing there
is an ever-present need to
recognize the inherent distrust in
some customers).
The power system and its
commercial and regulatory
For some new services and products to | frameworks have developed over
be successful the developer may require | many years and, for legitimate
access to expert advice from those who | reasons, have aspects that are
manage the wider technical, commercial | complex and subject to evolving
or regulatory context (including expertise | change. If 'designed in from the
across energy vectors). In the technical start' these aspects can be
area this may be an understanding the accommodated efficiently by
local network, its feeding and protection | vendors and so achieve good
arrangements, parameters such as loop | outcomes for all parties.
impedances, or detailed requirements of | However, this requires timely
system frequency control. access to expert advice and to
insights regarding changing
trends or new requirements.
2. To sell new products New third party To respond to and take
and services for use by vendors who are advantage of the trend towards
Community Energy established but not ‘energy democratisation’, new
groups, both geographic | in the energy There is increasing interest in products and services will need The absence of the necessar
and virtual sector, and new Community Energy that includes local to be developed. It is possible new Dower svstems functionsy
SMEs/ markets, peer-to-peer trading, and that novel trading mechanisms =W P Y
Entrepreneurs/ provision of trading platforms, for will be best facilitated using new il et @iy e12 advgrse el e
: ; o new vendors operating at the
start ups example to consolidate and sell system techniques such as Distributed grid edge, but will have 0.1, 6.1,
services. These arrangements might Ledger (Block Chain) designs. ’ tial impact for those 14.2, 15.5,
appear simple in principle to the user There is an emerging consequential Impact 1o 5.1, 16.2,

(and indeed need to) but have many
subtleties that will require the
development of new technical and
market services.

international view that it will be
important to understand and gain
practical experience with these
designs as a key enabler for both
financial transactions and
emerging M2M 'Internet of
Things' applications.

wanting to develop Community
Energy enterprises, Smart
Cities and other Internet of
Things services.
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Virtual Community Energy groups might
include the owners of a particular make
of Electric Vehicle, or a business that
has electrical loads at several locations.
For the benefit of all parties, new
products and services will be needed
that meet the requirements of the virtual
community owner and the
requirements/constraints of the network
owners, perhaps necessitating data
exchange at diverse locations (eg to
more than one DSO and to the GBSO).
There are business opportunities here
for all parties (eg providing flexibility
services; diversity of risk through many-
to-many services) but there is 'devil in
the detail' that requires clarity in regard
to accountabilities, co-ordination, and
standards such as Open Data protocols.

3. To retain residential
and small C&l
customers by delighting
them with the service
they receive and its
ongoing enhancements

New (and
established)
providers of
products and
services

Both new vendors and established
vendors have a common requirement to
excel in the service they deliver to
customers. This way trust is built, the
customer is more likely to remain in a
long-term relationship, and any problems
get resolved quickly and without
reputation damage (even creating
reputation enhancement). This can only
be achieved with 'right first time' new
products and services, and with an agile
response to bringing forward
enhancements and new capabilities.

This approach can be observed
operating effectively in the mobile
phone sector. However the ability
to deliver such quality and
responsiveness puts a hugely
challenging obligation on the
vendors, the established sector
players, and the gate-keepers of
its change mechanisms. The
long-established sector
governance arrangements
cannot possibly deliver what is
needed to enable vendors to
thrive in this competitive
environment where consumers
now rightly have high
expectations for quality and
responsiveness.

Providing services to homes,
individual consumers and small
businesses is a demanding
customer base to work with, as
expectations are set high for top
quality interfaces (eg smart
phone Apps), ease of set up,
reliability of service and
excellent responsiveness to any
problems and to upgrades. If
this cannot be delivered
because of the unavailability of
power sector functionality,
goodwill will be lost at the start
and the reputational damage
may create a barrier hard to
overcome for all the players.

0.1, 16.2,
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The Business Drivers Which of the
35 new
. . ower
ML Supply T Veqdors i Why are these services The'll'kely consequences o spystem What are the main reasons ,
The lead party Business Opportunities & . failing to provide these 3 " Common Conclusions
: important? . functions these functions are needed?
Requirements services e Eies]
to have in
place?
4. To sell new products Providers of '
and services that are aggregation and Aggregation services have strong ;Il'he_l?_leed_ © |y:jcr|ease sysFerr:j
created at the grid _edg_e, flexibility potential to enhance power system beXIhI ity Is wi g()j/ reclognlse , % .
remots partios such o | soiea flexibiity by means of upward and st e AR [ e e A
the DNC?/Dsosailéj ° SEviees goggggiigzn;grgaﬂzn:giﬂf (r)]lf’home tools is at a very early stage. For | large numbers of parties and
GBSO, or Community agd community scale s?orage and the many years, foreeasting has converting them toa reliable
Energy enterprises . . S T been possible using 'top down' and valuable service. Absence 0.1, 2.5, 6.1,
mtegr;t\t}on g:;‘)l?stgbu:ed Gegeretlon techniques (e.g. for system or delayed deployment of the 14.2, 5.1,
(EeV% offe)rivr:/é véxé sesr\(/)i::aegse Di\\lllgﬁa Sprc::ent dern_and): but once deman.d necessary power secjcor 7.1,16.1,
and delivery of these serviees will shifting ‘fills trogghs end trims funetlonallty is poten.tlally a 16.2, 3.2,
require many of the features described peaks' the predictability of 'load serious brake, resulting in poor | 8.1, 9.2,
earlier in this schedule with the addition curves‘ il 5 i, 1= dep'lo'y_ment rgtes Of new L2
of forecasting tools (which include for tec_:hnlques need to be developed erX|b|I|'ty services or poor
cross vector effects), many of which will using 'bottom up' metho_dologles operating experience as _
be entirely new and }equire large data and modern data_\ analytics. Such | regards reliable and responsive
. : . developments will be an enabler | service delivery.
analytics, machine learning, and the for many aspects of an efficient
integration of multiple data sources. and secure future energy system
5. Create markets for New third party It is reasonable to anticipate that
new products that either | vendors who are there could be many new
integrate services established but not services that customers would
across energy vectors in the energy - : . find attractive, making use of
(e.g. electricity, gas sector, and new G G LIS ) attractive services energy data, power system data
heat), or integr,ate , SM Es/, o cuetomers can be anticipated th_rough and a wide r,ange of 'external'
energiy with other entrepreneurs/ f(ec.hr.uques such as data aggregajuon at sources. However, this presents
consumer services (e.g start ups mERAEVE EUEBIMED EVE], CErEmi o7 a data analytics ar;d data Cross-vector approaches are a
e-health, home securi'ty', GNP Gl WS, Wesilier (_jata, structuring task of a scale new to | key element to the
transport, or af?d izl occupancy patte_rns. i the power sector. The government's energy pathways.
child/elderly care) m'g(;‘.t o dab'e dﬂ.ex'?'“ty services to B development of algorithmic This is reflected in the
g[l(io:ﬁaetic:{l]y ggggrirr]lignevenience to the techniques, agreement on Open esteblishment of significant new
customer anci with suitable financial or Data prptocols, assurance of bodies such as the Energy
other reward. To achieve this requires a Qata privacy, a_md full confidence Systems_ Catapult and
significant sp.an of data to be accessible. | M cyber security are all mechanisms such as the 0.1, 2.5, 6.1,
perhaps using cloud-based systems " | necessary enablers: These Renewable_Heat Incen'uve. 14.2, 15.5,
combined with machine learning cha_llen.ges will require co- _ However this is only the fII’.St 5.1, 7.1,
Extension to other consumer ser.vices ordination between the various step to potentially much wider 16.2, 3.1,
data owners and unambiguous interactions in other aspects of 15.4,

such as e-health, home security, or the
monitoring of an elderly person living
alone is a further step that can be
anticipated. Such services would require
consumer consent. It is likely that cloud
based systems will be an economic
choice, but work will be needed in good
time to satisfy all parties in regard to
data privacy and cyber security,
especially where points of access for
data span ownership boundaries.

accountability for managing
whole-system aspects such as
end to end data security.
Furthermore, there must be
accountability for ensuring that
automated action cannot
jeopardise power system security
arising from multiple
simultaneous actions, for
example in response to a
common market price signal or
other 'herd behaviour' such as a
response to a severe weather
warning.

life in the 'intelligent home'. New
power sector functionality is one
of the critical path enablers for
achieving these ambitious, but
potentially very attractive, new
approaches to energy
customers and to wider society.




