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Power electronics wnat is if?

fhis is the hardware that converts and confrols power flow befween systems
=gnables efficient, precise confrol of power and energy af scale




Power electronics Moore's Law

advances in semiconductor technology combined with adoption, .
=MOre capacity and performance per unit physical volume af lower cost

Tk Maenraa e @l B s et >3 orders of magnitude improvement in current density over 3 decades

Power density has doubled every 4 years since the 1970s — and wide bandgap
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EV chargers: high-power deployed af scale

fNe same fechnology as phone chargers, at1000x power

-Mass production: cost reduction
- Standardization: improved reliability
-Scale:rapid innovation cycles

nigh-power electronics is now deployed by the millions in EV
sharging, unlocking cost, speed, and accessibility

=this is the industrial engine enabling eneray routers at scale
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DESIGN & OPERATION

How should we build the system?
How should we operate it?
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SIMULATION

Explore alternatives
Quantify and compare outcomes




Quantifying EnergyMNet performance: a simulation-based
framework for decentralized energy networks
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1. Intreduction

The Incressing electrification of society, together with the rapid deployment of distributed
generation, stationary energy storage, controllable losds, and power electronics, is changing
both the structure and operation of modem power systerns [1]-[4]. At the same time, extremea
weather events, infrastructure failures, geopolitical conflicts, and other Large-scale disturbanoes
are placing increasing demands on the ability of electrical infrastructure to maintain essential
senvicas [5}-[6].
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Figure 3: Operational representation of an Energy Router. Each router coordinates local energy
generation, stationary energy storage, prioritized electrical loads, bidirectional electric-vehicle
charging, and an optional public-grid interface.
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Figure 4: Graph representation of an EnergyNet. Energy Routers form the vertex set N’ and Energy
Links the edge set €. Each Energy Link e is characterized by transfer capacity Qz"?%, efficiency 1,

and availability AU%X, with g; , . denoting the signed power delivered to router i through the link.



INPUTS

Topology
ﬁo Routers, links (capacity),
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Figure 7: General simulation and evaluation framework for EnergyNet studies. The reusable
EnergyNet model and optimization-based dispatch framework are combined with a study-
specific system instance, operating conditions, and operational assumptions. Time-stepped
simulation produces a complete operational record from which application-specific
performance metrics are evaluated. Deterministic, parametric, and Monte Carlo studies modify
or sample the study definition while preserving the same underlying model and simulation
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Example EnergyNetin Sweden, customer LKF
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R B B SaSRRRE AR Unblocked clean energy
% g 2 | v" Solar, battery & EnergyNet (Routers & local
| grid) reduce grid power with 60% annual

v For 6 month no old grid is needed
v Add wind, old grid is only needed 14 days/year

- Ji v" Add H2 fuel-cell and no old grid is needed
S T Investment is made by the real estate company
I0buildings, 278 homes, use 1000000 KiWhiy and is profitable. ViaFuropa develops e

wanted fo build solar, got no from fradifional grid owner. nroiect and is the long ferm EnerayNet operator.
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1. Real-World Geography 2. Model Representation 3. EnergyNet Abstraction

Actual district (aerial photo) Toy model of the district (for simulation) Mathematical abstraction (resilient ring network)

oV . PV Analysis &
Simulation
w8 w8
;'_" Power flows
NETWORK PROPERTIES @ Rellability
* Ring topology
« Bidirectional power flow
Resilience
* Distributed generation (1o outages)
» Local storage
* Rerouting around fafures /Jn Capacity
* Scalability nﬂﬂ planning
Cost &
performance

— Energy connection n Building (node)
=== Optional connection ' Battery storage
« Real buildings, trees, roads * Buildings with PV, batteries, and loads * Buildings become nodes in a ring
@ o Exact location and sumoundings oo « Paths and connections represented + Connections form the EnergyNet topology
nJe . » Mathematical model for analysis & optimization

Input for simulations

« Physical constraints preserved » Used to test scenarios and design for resilience



Summer high-solar operating period
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EnergyNet Simulafion USe cases

-

any |

=74

SYSTEM DESIGN

Size routers, solar, batteries
and connections
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RESILIENCE PLANNING

Test outages, failures and
emergency operation
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OPERATIONAL STRATEGY

Decide when to store, share,
import or prioritize energy

INVESTMENT PLANNING

Compare configurations
before committing capital
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POLICY AND REGULATION

Test tariffs, connection rules
and energy-sharing models
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EXPANSION PLANNING

Identify where the next site or
connection adds the most value
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Applying the EnergyNet simulation framework to a real resilience challenge



New York Hurricane sandy, 2017

GRID OUTAGE  Heating Lighting Communications Refrigeration Medical Power



Secure ana

SAER Preliminary Draft Strategy
Project Goal/Summary

Secure and Affordable Energy for Rockaways (SAER) is a plan to dramatically improve energy
seaxtyandoommumyreslhenoeauossmeRodmwayPenmsula one of New York City'’s most
climat Qi This will be achieved through the installation of a new energy
distribution system, called the EnergyNet. The EnergyNet establishes a new architecture of
decentralized, adaptable, and fault-tolerant energy distribution that will alleviate many present
resilience issues in the Rockaways. By installing the EnergyNet across the region, the SAER
project reduces dependence on the fragile, centralized grid, enhances disaster response
capability, and brings the energy infrastructure into the moderm age. With the long term vision of
installing the EnergyNet across the entire Rockaway Peninsula, the SAER project begins with
the Phase 1 area outlined in this document, located between Arvemne and Edgemere, from
Beach 28th Street to Beach 60th Street.

The Rockaway P\ la is highly vulnerable to | damage. suffering repeated
infrastructure damage in the past during major storms, flooding events, and coastal surges. In
particular, the power distribution system, which enables critical functions for everyone through
heating, lighting, etc. has repeatedly failed in the face of major storms. The traditional grid (Plain
Old Grid System; POGS) is not designed to withstand storm-scale physical damage, or to
operate around faults. During events like Humcane Sandy outages lasted weeks, withholding
essential services such as: heating, lighting, c¢ ions, refrigeration, and power for
medical devices and community sheiters.

POGSinpmvemn!eﬂoﬂshavebeenhsuﬁduubecausemeycomhuewrelymm

ized, unstable system with inherent single points of failure, While New York City has
made progress in deploylng site-specific microgrids, these efforts are fragmentary, creating
“energy islands” that help individual facilities, but do not provide coordinated resilience across a
community or region.

EnergyNet systems installed in the SAER Phase 1 region will improve energy security by
introducing a new architecture, on top of the POGS, that contains two foundational shifts in
design:
1) Soﬂwam-comroled (sman) microgrids that are electrically isclated and self-monitor;
2) A completely bi val of energy distribution between microgrids.

While microgrids alone have already proven valuable for community resilience in New York City
and beyond, the combination of advanced microgrids plus a unifying, intelligent routing and
communications layer resuits in a system with no single point of failure. Each element of the
system, be it a microgrid or a distribution line, is individually isolated and can be routed around
in the event of damage. There are many routes through the network, and with each microgrid
producing and storing its own energy, there is always power to flow in the system even when

ordable Energy for Rockaways

some elements are damaged. The EnergyNet shifts the outlook of resilience and disaster
management from creating isolated cases of power within region-wide power outages to
isolated cases of power outage in a region-wide, powered network.

In a disaster, some power is better than none, and the EnergyNet ensures that communities
retain access 1o critical energy even when the POGS is compromised. Power can be redirected
around outages, distributed to where it is needed most, and supplemented from neighboring
nodes in the network.

The installation of an EnergyNet system as outlined in this proposal is expected to have the
following impacts:
e More reliable energy supply during storms, outages, or grid disruptions.
¢ Enhanced support for critical services, including schools, fire departments, food
distribution hubs, and residential buildings.
e Aflexible platform for future clean-energy adoption, including EV charging, community
solar, and storage coordination.

SAER Phase 1
SAERPHASE 1
Project

The SAER Phase 1 area extends from Beach 28th Street to Beach 60th Street in the Rockaway
Peninsula. It involves the following 20 projects between Arverne and Edgemere:

1. Arveme East
2. Edgemere Commons
3. Covered Parking Lot at 50-01 Rockaway Beach Bivd.

4. Rockaway Care Center

5. Arveme View

6. LaQuinta Inn & Suites Far Rockaway

7. Seaview Home for Adults

8. Seaview Towers

9. Seagirt Residences

10. Beach Green Dunes |

11. Beach Green Dunes Il

12. Beach Green Dunes IIl

13. NYCHA Beach 41st Street

14. NYCHA Ocean Bay Apartments (Bayside)
15. NYCHA Ocean Bay Apartments (Oceanside)
16. The School by the Sea - P.S./M.S. 43Q
17. FDNY EMS Station 47

18. Arverne Branch Library

19. Cardozo School and Playground

20. P:S. 105 The Bay School

These projects together contain over 8,000 housing units, plus critical non-residential facilities,
Iike schools and a fire department. They are selected to incorporate the denest cluster of
critical facilities, large residential developments. and projects with existing local generation and
storage assets 1o efficiently make a significant impact. The benefit of this clustering for Phase 1
is that, by covering a smaller area, less new cable installation is required to connect the
systems, improving efficiency and lowering potential costs. The SAER Phase 1 area, beyond
just the 20 chosen buildings, covers a population of 20,000, who will all benefit from the
strengthened infrastructure and improved disaster response enabled by an EnergyNet system.

Issues with the Existing Grid

The POGS is fundamentally the same energy distribution system that it was when created in the
late 1800s, with two major issues. It is a centralized system that routes power in one direction:
from a few large power plants, to consumers; the loss of one of these power plants, or any
damage to the wires delivering power, causes huge impacts (o the system., It also relies on
analog controls and real-time balancing, resulting in an unstable system that must be carefully
balanced and finely tuned or else the system shuts down, like in the 2025 Iberian Peninsula
blackout.

What is the EnergyNet?

The EnergyNet is an energy distribution system using a network of smart microgrids
created in Sweden. The size of these microgrids cen vary but typically cover an individual
building or home. Each microgrid is ble of i 1t operation, and all other standard
benefits of traditional microgrids, but it also interf; with the r rk, enabling dinated




How EnergyNet enables SAER
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SAER Phase | Project Map

SAER PHASE 1
Project Map
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Study NYCHA Ocean Bay Apartments (Oceanside

seven aparfment buildings comprising 418 homes - one EnergyNet ring




Seven buildings become one EnergyNet

Each building can generate, sto eandconsumeene 0y independently - and exchange with neighbors

o4

419" ! v 410 51-32
~ " & 54_22 & ‘ s
56-16 56-10 54-30 t
ve
10 =} f Beach Chan ( 7 & e
g e 53-09 P
P 4
= Beach o Beach
Channel 54th Street
Drive & & Beach |
333 Goldie Beach ’6 Charnel Tioh
Maple 56th S[re 3 Drile i
Academy | Ao 2
(Q333) '. > 3)3 2," 3
2 ® o\ 349 @ n
© o 5 4
1t a A >
oL Ly 4o Arverne 34 g 342 %
= o) - 2
5 5 9 Houses o o (338 R
2 il ® 334
3 3 385 3
2 v 32 &1 329 P
o 30 m
2 Benjamin -
Cardozo
. Playground| | | A g !
Y]]
321
: o Playground a
L *
g : -ﬁ' 306 1OC’ C Arverne
- : H - % T Substation
—— — Arverne Boulevard 5307 |

Rockaway Freeway +"

___Edgemere Avenue B

h hBrciJulevar’di e g

Base map © OpenStreetMap contributors | Building locations: NYC building footprints

Electrical demand (kW)

Solar output (kW)

Typical summer weekday — apartment load

800 A
600
400 A

200 A

Y ] I T T | I

EVENING DEMAND

T I

0 3 6 9 15 18 21

12
Hour of day

Typical summer weekday — proposed rooftop solar
350 -
300 +
250 -
200 - /
150 A
100 -
50 -
0~

I 1 T

T T T
0 3 6 9 12 15 18 21
Hour of day

buildings
418 homes
500 kWp

rooftop solar
500 kW /2 MWh battery

7 energy routers

Thering keeps each building connected avenif alink fails.



NYCHA Ocean Bay Apartments (Oceanside) - normal operation

51-32
5430 5420 ¢ '

e
-8 gseachChaf..'vr £ a

a8
Be?ch 115 Beach 53:00
Channel S54th Street

Drive & & Beach
) Beach Channel
Goldie | ge41, Strecf \>3  Drive
Maple

Academy e e 350

(Q333) 353 @
) @ 349 ®©
o o s}
o o a
0
Thody 4y =] Arverne 5342
3 a Houses =338
2\ 070 ¢

Al ® 334

A 3 R 558
o e 2
© | | Benjamin! |~

Cardozo

Playground L'-J

——0
o Playground

3o *
X7 |i306 b g C
8 — Arverne Boulevard %‘ B

—Rockaway Freeway+-

_Edgemere Avenye

Seven buildings. Seven energy
routers. One coordinated ring.

Rooftop solar === Apartment demand === Battery (+ discharge / — charge) lllustrative sunny day
6.6 MWh
800 4 e Batteries support
the evening peak
Excess solar =
600 - charges batteries ) ~50% less
= Solar supplies £ rid electricit
£ a0l (1 buildings . S g y
= A = 3.3 MWh
s g
Q. 200 - 5
ks
@
0 =
\ 5
—200 -
< o Seven buildings operate together > —
T T T T T T T T All-grid Proposed
0 3 6 9 12 15 18 21 reference EnergyNet
Hour of day

1.2 MWh ~50%

solar generated shifted through batteries less grid electricity

Solar generated in the middle of the day is stored and used when residents need it in the evening.



» g/
", " Goldie
q | Maple
i |l Academy
W (Q333)
eI
| m ]
P
1S
o & &
L
(=gt
R
it=ak
U® |
' & 1 | Benjamin
' |} © Cardozo
: ‘ Playground

Y L =
—
g Beach Chan: % o @B ;

: 0 g
i W 350 ' D
| - 1 0
. PR =
| 35 353 1181 o
" PN S gt
: o =
: 34 '-h’, [} '
} 42 Arverne deplt RS &
| : ‘M
| e Houses O @ 338 1 !
] N |m 1
, 8

Playground

:
2 el 334 ¢ i
i v 329 i
319 1| | { |
Arverne ) - \ '!!'

o e ==
__________ -~ Arverne |
Arverne Boulevard % : B *”'53-07 |Substation

NYCHA Ocean Bay Apartments (Oceanside) - router link outage

The connection fails. Router 7 receives power from the other direction.

== « R7 electricity demand Local rooftop solar = Direct route: R6 — R7  =sssm Alternate route: R5 — R7
120 1
100 R6-R7 CONNECTION FAILS
5 + FAULT CLEARED
= 80- 5 Original route restored
@
'(5)' Power now arrive
2 y from R5
5 60 Power arrives
@ from R6
2 i
T 4. Local solar,supplies R7
20 1
=
0 L) T 1 L\l L) L) L) v
W Q D Q Q Q Q Q QA 20
’L_@Q 47 ®F AP @F o oF oF P 4P
A '{1«'

Time of day



54-30

54-20

411

51-32

Xeﬁ -8 B
8 8 Beach Cha V a
8 53.00
30 Beach o‘»]S Beach
Channel 54th Street
Drive & gthBeach
; Beach annel
Goldie 56th Stregk R63 Drive
Maple
Academy 9 350
(@333) 53 @
@ % 349 ®
1] w -
S = W e
CAE TH € i Arverne 51342
5 o Houses o o338
M\ : © =
2 4 ®' 334
3 3 8 3%
® . | Bepjamin! |~
Cardozo
Playground g
0 Playground 3" c
£ «
: ~ Arverne Boulevard x
— Rockaway Freeway+"

Edgemere Avenue

100%

critical demand served

NYCHA Ocean Bay Apartments (Oceanside) — complete grid outage

- Normal demand === Power delivered == » Essential demand s ‘Grid supply
GRID OUTAGE : GRID RETURNS
800 A > ) 4
600 -
=
~
] Emergency protocol:
5 400 A essential loads only
200 A
0 L T T T T T T T T T T T T T T T
& 90% A : teries take over
2 E
; 50% : :
[ . .
o] . .
@ : :
0% T T T T T T T T | T T T T T :
) Q Q Q Q Q Q Q Q Q N Q Q Q Q Q Q Q
,];30? 32 NP G 67 AT ¢ ¥ o7 WP fp‘* N T ™ A v
; K2

without grid connection

12 hours 3%

pattery state-of-charge remaining




Study Connecting three EnergyNers
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Three EnergyNets Routing and ufilizing solar surplus
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some buildings have high solar generation but low demand (school building during weekend..)

EnergyNet permits energy sharing: 3.4 MWh less grid energy required/week
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Three EnergyNets Resiliency by re-routing during grid oufages

mmm Ocean Bay essential demand I Ocean Bay local solar + battery I Goldie + rerouted Arverne = Ocean Bay
B Utility grid = Ocean Bay B Arverne Library = Ocean Bay (direct)
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Ocean Bay essential demand remains 100% served



SAER from local E
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Internal diagrams illustrate the site EnergyNet architecture



SAER from local EnerayNets to Rockaway-wide energy system

Grid energy imported during representative sunny week

1400

1,265.7 MWh

1200

51.3% 12.9%

1000 lower grid energy imports lower peak grid draw
1,265.7 = 616.2 MWh 18.89 - 16.45 MW
800 2.44 MW reduction

681.3 MWh
616.2 MWh

600

400

99.5% +9.5%

) additional import reduction
of available solar used through inter-site energy
sharing

200

95.3% less curtailment ,
versus the same DER sites

No PV or battery DER sites Connected operating independently
isolated SAER

Across the full network, SAER reduces grid energy and peak demand while making use of almost all available solar.



How EnergyNet responds to a prolonged regional outage

Stress test: prolonged winter outage with the regional grid unavailable

Share > Prioritize > Reinforce
1. Stationary EnergyNet 2. Emergency operation 3. Mobile Energy Peering

HOSPITAL 7 HOSPITAL 97

Share available solar and stored Protect priority services and Use EVs and buses to close the
energy across the network reduce non-essential demand remaining winter energy gap

The stationary EnergyNet establishes the resilience backbone. Emergency operation protects essential services,
and mobile storage supplies the remaining energy.



48-hour regional outage mobile energy closes the resilience gap

Original critical requirement

140
= 38.0%
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No mobile energy Priority demand 22.0 MWh returned
0 . s - s
Stationary SAER Stationary SAER 700 EVs + 30 buses
original critical demand + emergency protocol + one recharge rotation
Stationary backbone Priority operation Mobile energy rotation

The stationary SAER provides the backbone, emergency operation protects priority services, and a rotating mobile fleet supplies the remaining winter energy.

Lowest-solar winter 48-hour window - regional grid unavailable - vehicles recharge beyond the outage boundary and return
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max.collins@viaeuropa.net
+465709102095
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