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RES Development

ICCS-NTUA

Historical capacity additions of wind and solar PV, 2006-2016
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More than 90% of RES is connected at distribution grids



Load flow with low PV infeed (left) and
high PV infeed (right)
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Main impacts of High DER penetration in the Distribution Grid
(steady state)

Reverse power flows where the local DG generation exceeds the local load demand.
At the distribution level DG (PV) penetration causes voltage rises at remote buses.

Reverse power flows can cause additional power flows from the distribution system to
the transmission system.

Intermittency of DER keeps certain part of the TN lightly loaded during low dispatch
periods, and highly loaded at high dispatch periods. Resource availability in a
particular area may enhance the DER development and high supply condition may
overload the TN. Hence, high DER penetration may yield a generation-load mismatch
and violation of transmission capacity constraints.

Intermittent DER presence in the network may lead to ‘transmission congestion’
during high energy dispatch period. This risk may even become higher when
unplanned load growth occurs in any part of the network.
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Main impacts of High DER penetration in the Distribution Grid
(dynamic state)

In the presence of a large number of power electronics connected DG, the number of
rotating machines will unavoidably be reduced. The reduction in inertia in the system
could lead to a higher rate of change of frequency after a disturbance. This increased
rate of change of frequency, may in turn result in a greater frequency excursion
following network disturbances.

Within the European Network of Transmission System Operators for Electricity
(ENTSO-E) control area, the cutoff frequencies for RES vary; hence, they can cause
Instabilities in abnormal situations due to their disconnection.

The flexibility of a transmission system, defined as the ability of a system to respond
to changes in demand and variable generation, is reduced with the increase of DERSs.
Scheduling and dispatching for the operation of a power grid changes in the range of
minutes. The high proportion of DER in the network leads to insufficient or at best
reduced network flexibility.
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The Challenge of Flexibility

ICCS NTUA

With the empowerment of the customer and the growth of renewable energy
sources and demand response, The activation of
flexibility services will influence grid operation and balancing of the electricity
system and should be used efficiently from both a technical and economical
point of view.

Efficient use requires a well-coordinated process between TSOs, DSOs and
market parties. IS of utmost importance
to avoid system disturbances. Data exchanges between TSOs, DSOs and market
parties are important to optimise the value customers can bring to different
markets (use of flexibility by BRPs, balancing, congestion management, etc.).

As energy supply becomes increasingly distributed - produced in smaller
quantities and closer to customers - the balancing of demand and supply
becomes an increasingly local issue. To avoid congestion on local grids,

delivered locally on the market ; if not, direct
contracts with flexibility providers (energy consumers or producers) must be
allowed.



ICCS-NTUA
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DER Services

ICCS-NTUA

Balancing services
Congestion management
At the grid level
At the grid level
at the distribution grid

Requirements/ Challenges

Transmission and distribution grid models for the
market clearing algorithm

Need for network observability and ability to forecast
the near future network state
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TSO-DSO Coordination Schemes

Coordination
scheme

Description

Centralized
market

TSO clears AS market with DER
resources from distribution for
solving imbalance on transmission.
DSO solves local congestion extra
market.

© @ Status quo+

Local market

DSO acquires local resources for
congestion management  and
aggregates unused ones for
balancing market (managed by
TSO).

Increased role

@ for DSO

Shared
responsibility

TSO and DSO responsible for
balancing in their own area.
Agreed flow at the interface.

¢ DSO-TSO parity

TSO and DSO independently buy
resources on a global market
managed by an independent
subject. Market coupling could
reduce computational complexity.

@ — Most.flexible
solution

Integrated
flexible market

Common AS market that can be
also exploited by commercial
subjects (CMP) to rebalance
positions (extended intraday). TSO
and DSO might exchange or resell
to CMP unused resources

Interesting
but critical

.@{:1

SmartNet project

CMP: Commercial Market Party (Aggregator)
IMO: Independent Market Operator




TSO-DSO Coordination Schemes

Centralized market

ICCS-NTUA

Pi= ) (B;(d; — d;))
PP+ PF + AP =P,
F}lﬂ'ﬂ + F;f.-: + .lPI — PE + EID
P{'.a‘_

i

- {F - _,i:.'rr (I ] - [ [
=P =P Vi € Gy Pl = PP =-pMP Vt=(i,j) €T

P = (Bij(8i - 6;)) vl = (i, j) € Lo - pf™m < pF < pfmes vteT

yIomar - plP - pflmoer , . ; , T3
- f; <F < 1':1- Yse §—{0},i= .""rj &

Distribution unbalance and bids transferred to the interconnection

SEERC Workshop Athens 2020, “TSO & DSO Interaction in operation and planning”, 23 Jan. 2020, Athens



TSO-DSO Coordination Schemes

Local market
2"d Step TSO subproblem

1st Step DSO subproblem
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TSO-DSO Coordination Schemes

Shared Responsibility

ICCS-NTUA
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Study Case

ICCS-NTUA

Forecast Observation
——  Wind TN
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- Simulation Results

Cost of Ancillary Services
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Centralized indicates the lower cost at each hour

At the hours with no line constraint violation centralized and local AS markets match

Shared responsibility cost is way higher
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(b) Centralized markel (¢) Local market

Total cost of Ancillary Services

TN 1801.6 833.7 714.1 3455.5

| ||| _System  Optimal _ Centr.  Local  Shared Resp.
|I||l il DI ; ; 1087.5 2634.0

D2 - 2 0 72.0
Total 1801.6 833.7 1801.6 6161.5

(d) Shared responsibility
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If they want to go fast, system operators coul go alone
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