The webinar will start shortly.
To maximise participation and minimise disruption,
please make sure you are on mute and your camera is
turned off.

Please note that the weblnar will be recorded.
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Agenda

1. Performance monitoring
2. State of Energy
3. Testing

Q&A
* Q&A at the end of each section

« Presenter will let you know when it is time for
questions

« Raise your hand to ask a question
« Come off mute to ask your question
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Performance monitoring — DM and DR

Service Terms parameters for Performance Monitoring

Data Frequency 20Hz 2HZz*
Max initiation time (T 4x) 0.5s 2S
Max time to full delivery 1s 10s
(TdMAX)
Ramp time (t7,,4,) 0.5s 8s
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Response curve

Dynamic Regulation Dynamic Moderation
Saturation fop =Fo£0.2Hz Rgs = 7100% Saturation [ =fy£02Hz Rsy = +100%
Delivery/deadband fpy =/ ,£0.015Hz Rpy = 0% Activation fay=fo T 0.1Hz Ra+ = +5%
Delivery/deadband fpt =fy£0.015Hz Rpy = 0%
Response % Response %
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100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
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-20% -20%

-40% -40%
-60% -60%

-80% -80%

-100% -100%
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Frequency Bounds

Dynamic Regulation

FYPPET (1) = max flt—t
( ) 0=t1ag=TimMAX ( Ia‘g)
F lower t) = min t—1t ag
( ) Uifaagilimaxf( : )

Lag upper bound (maximum initiation time): Tijyax =2 s
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Dynamic Moderation

upper = -
F (t) 0=liag ETimthgi{Jr tolimax f (t tlag )
[ lower (t) — min f (t - tlag)

0=tigg<Timaxttolimax

Lag upper bound (maximum initiation time): Tiyax = 0.50 s
Lag upper bound tolerance: tol;;4x = 0.05 s
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Performance Bounds 0
80.00
Performance bounds for LF only g 60.00
UB,z(t) = RLD{ R,_F{F“’“'"(t]], TTmin ] ®x P
40.00
LB, (t) = RLU{ Rw{F“FF"{t}].wmm ) ® P
20.00
Performance bounds for HF only 0.00 D LE Only
UHHF(t) — RLD( RHF{FianW(r}]_rrmm ) % Q 0.00 5.00 10.00 15.00 20.00 25.00
Time (s)
LByp(t) = RLU( Ryp(F“PP7 (). 7Timin ) X Q T
0.00 (— — — )
Performance bounds for LF and HF (
-20.00
P ub(t)=0
UB(t) = ub(t x{
® (t) Q@ ub(t)<0 40.00
B P Ib(t)y=0
LB(t) = 1b(t) X {Q Ib(t) <0 § -60.00
Where:
-80.00
ub(t) = RLD ( Rsym{F‘*’“'" {t]), TTmin }
Ib(t) = RLU( Reym(F PP (t)), MFmin +100.00
(Roym (FH577(6))- 77 ) DM HF Only

Parameter | DM | DR

Ramp rate 2 % CQ fime )

CQ = Contracted Quantity
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Performance Bounds DM

For the first 0.55 seconds after a response unit begins delivery, after a
period of missing data, or after switching from unavailable to available
the upper and lower performance bounds will be setto P and -Q
respectively.

To allow time to change between contracts (a change in P or Q): the
performance bounds will be calculated for 1 second after the change
using whichever of the contracts gives the lower bound, and the higher
upper bound.
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Performance Bounds DM

Example for DM LF 100MW:

120 120 i
50.60 100 ‘ 100 |
= =
50.20 = ;—
~ 8 60 @ 60
I g o —— Upper Bound
= 50.00 g g
S Frequency & a0 & a0 Lower Bound
= 49.80 ]
18] ower
- 49.60 — Upper 20 20
49.40 o o
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49.20 .
i Time (s
00 10 20 30 40 50 Time (s) (s)
Time (s)

No window 0.55s window
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Error Calculation

LB — R R < LB
em = 0 LB <R<UB
— UB R >UB
. €m . €m
€Sm = F €5m = F
( % FIowerm >~ 50
€m .
eSm = 4 - Fupper < 50
kma:zz’ 0 otherwise
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Error Calculation

Dynamic Reqgulation Dynamic Moderation

E = max (rﬂlling_mean E'S‘m) E = max (rnlling_minimum esm)

m over 2 seconds m over 0.2 seconds

Rolling mean window
Rolling minimum window
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kj

K Factor

1

1-(E-A)/(B—A) A<E<B

0

K. = min k;
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Disarming/Re-Arming

For the purpose of Performance Monitoring, and unless and until otherwise specified by
NGESO for the duration of a Disarming Instruction (and for the avoidance of doubt until
any Re-Arming Instruction) the Response Unit shall be deemed to have delivered the
service with a deemed Contracted Quantity of zero (0) MW.

nationalgrid
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State of Energy

The solution to SoE management for DM and DR is to require energy limited units to:

Begin the EFA Block with a level of stored energy (i.e. Response Energy Volume) adequate
for its contracted response quantity (i.e. Contracted Quantity).

Review the level of stored energy at the start of each settlement period during that EFA
Block, looking at the net energy delivery in the previous settlement period.

Aim to return the stored energy level to an appropriate level (i.e. Energy Recovery) by the
submission (and following) of Operational Baselines. This means charging or discharging
by following a baseline.
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State of Energy - Glossary

Contracted Quantity
The amount of Response (MW) which a Service Provider has agreed to provide.

Delivery Duration
30 minutes for DM: 60 minutes for DR

Response Energy Volume

The amount of stored energy (or capability to store energy) that a Response Unit should be capable
of delivering before becoming unavailable due to exhaustion.

Response Energy Volume [MWh] = Contracted Quantity [MW] x Delivery Duration [0.5 h] for DM
= Contracted Quantity [MW] x Delivery Duration [1 h]  for DR
Energy Recovery

The minimum volume of stored energy (or capability to store energy) capable of being recovered by
way of State of Energy management in a single Settlement Period.

Energy Recovery [MWh] = 20% x Response Energy Volume [MWh]
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State of Energy — Example

Contracted Quantity equals 50MW of low response for DM and DR respectively

Parameters DM DR
Contract Quantity 50MW 50MW
Delivery Duration 0.5h 1h

Response Energy Volume 25MWh 50MWh
Energy Recovery 5MWh 10MWh
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50.5

I Normal SoE management
Z

State of Energy

50.2
Hz

Parameters DM DR A o~ N~ NN
. . ! AR A A S
Contract Quantity : S0MwW | 50MW s
1 i
Delivery Duration 1 0.5h i 1h
" 4585
i : He [ i new baseline is submitte
Response Energy Volume 1 25MWh | 50MWh = i
I I 15MWh minimum ene rilcciu: o
Energy Recovery \ SMWh i 10MWh 0 (1] respecting naceine rues
~ R4 !
| 0
Begin the contracted period with 25MWh of energy in the relevant %
direction. 8 _
H H H & ——p caltuls;;ii:nfzjhf:ission
In SP-24 the unit delivered 15MWh of energy as it responded to , of new baseline for SP28
frequency. v (3]
At the start of SP-25 the stored energy is now 10MWh, hence, submit | spa SP-25 SP-26 Sp-27 SP-28 P29 |
a baseline to replenish at least 5MWh at SP-28.
. esponse delivery causes SoF to SoE is recm.rered.atarate of at
N Ot e: — r:cwz uuui:eln‘f awcceptahlj r: nge least ml:!:i:?:i:::remr:r:;usmP energ',ro
There is a 1 hour gate before baselines can apply, i.e. SP-25 and 28 2 RN

Maximum ramp rate is 5% of Contracted Quantity, i.e. 2.5 MW/min
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50.5
Hz

50.2
Hz

State of Energy

Parameters DR
Contract Quantity i 50MW i 50MW W
Delivery Duration i 0.5h i 1h s
Response Energy Volume i 25MWh i 50MWh A
Energy Recovery =‘ 5MWh : 10MWh |

~ -
Begin the contracted period with 25MWh of energy in the relevant direction

Active power

In SP-24 the unit delivered 15MWh of energy as it responded to frequency.

At the start of SP-25 the stored energy is now 10MWh, hence, submit a baseline to replenish at
least 5SMWh at SP-28.

At the start of SP-26 the stored energy is still L0MWh, hence, submit a
baseline to replenish at least 5SMWh at SP-29.

During SP-26 there is another event which fully depletes the stored energy. i

P

The unit is now unavailable. There is no penalty applied on performance
monitoring.

SoE

The unit should re-declare as available when SoE is restored to the

SoE management in multiple events

”T‘\ 7

£

Low frequency triggers
response energy delivery of
15MWh

Another frequency
EVENT oCcurs in the
same direction

(2]
~

R

cutside of acceptable

5P-25 and 5P-26 are used for
calculation and submission of

new baseline for 5P-28 and 5P-
28 respectively

Baseline adjustment
ey Calculation in 5P-27
for 5P-30

Response delivery
causes 50k to move

range

AN

B 5P-24 5P-25 5P-26 sP-27 5P-28 5P-29 5P-30 N

Unit re-declares

availability as Sok is

restored

- —

Response Energy Volume, in this case 25MWh by:
At SP-27 submit a baseline to replenish at least 5SMWh at SP-30.
At SP-28 submit a baseline to replenish at least SMWh at SP-31.
Re-declare as available no later than SP-32 in this case.

5ok is exhausted before SoE o
management can occur. Unit is
unavailable but provider is not

at fault.
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Testing

Approach will have the look and feel of existing DC and FFR testing
documentation

DM testing is based around the current DC testing as it has a knee joint
delivery

DR testing is based on existing FFR testing as it has proportional delivery

Testing Analysis tool for each service will be released shortly
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Frequency Injection Trace and Deadbands

Testing DM - Key points )

The minimum sample rate for all tests is 20Hz
Testing is broken down into 4 tests:

Test 1 - Step tests — number of tests reduced from DC to /=
reflect full delivery at +/- 0.2

Test 2 - Frequency sweep test - tests low to high and vice
versa whilst Staying with in tolerance bands e e

0900

Test 3 - Duration test - sustain full response over a 30
minute period

0 00N
uuuuu

nnnnn

49.000

Test 4 - Live system test - 30 minute duration plus -
evidence that protection settings are in line with the grid
code
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Testing DR - Key points

The minimum sample rate for all tests are 10Hz for test one and a
minimum 2Hz for all the other tests

Testing is broken down into 3 tests:

Test 1 - Duration test — sustain full response over a 60 minute
period — Measured at 10Hz

Test 2 - Response tests — demonstrates no response inside
the dead band +/- 0.015, response just outside the dead
band, proportional response at differing frequency levels and
response across the entire performance envelope, all whilst
staying within tolerance bands

Test 3 - Live system test - 60 minute duration plus evidence
that protection settings are in line with the Grid Code

50.2

50.1

49.7

49.6
100 150 200

——Test2.1 ——Test2.2

Live Frequency Test

0900

Ul

50.000

49.950
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Consultation support

« EBR Art. 18 Consultation close — 15 December

« Service Terms video published on DM and DR webpages

« Content from webinars published on DM and DR webpages

If you have further questions, feedback or would like to request a 1-2-1, please contact:
box.futureofbalancingservices@nationalgrideso.com
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https://players.brightcove.net/867903724001/default_default/index.html?videoId=6284508546001
https://www.nationalgrideso.com/industry-information/balancing-services/Frequency-Response-Services/Dynamic-Regulation

