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‘ My simulation needs in a
nutshell

® Power system models represent high-voltage
transmission OR low-voltage grids, not both

© Wanted to address transmission-level needs,
given high wind penetration

® Goal: simulate thousands of air conditioners in
low-voltage grids responding each day

® Wanted to avoid developing a combined high-
voltage/low-voltage model from scratch



How I identified a
person doing

' relevant work




Stefan Scherfke : 56 sl

S Articles - Stefan Scherfke X |

= C' | [} stefan.sofa-rockers.org/index2.htm| o B =
£ Apps (7 Saved tabs
= 2002:
SimPy
stefan scherfke articles — archive — tags — projects — about
2008:
2OAR mosaik — An open co-simulation
framework for smart energy systems
2013:
1M March 27, 2014 Mosaik is a co-simulation framework for smart energy systems.

We've been working on it since four years now and finally had
the opportunity to release it as Open Source Software.

P » 4) 230/2515

SimPy: Environments

Event discrete simulation with SimPy
FuroPython 2014 January 20, 2014 SimPy is a discrete-event simulation library for Python. This

E' e 4163 guide describes the simulation environments: A simulation
- environment manages the simulation time as well as the
Addto are  wes More 2 J " N
+ = il scheduling and processing of events. It also provides means to

published on Jul 25, 2014 step through or execute the simulation.
Often, experiments with real world systems are high-risk, accompanied by high
costs or not even possible at all. That's when simulations come into play.

This talk will give a brief introduction inta the topic of simulation. By means

How SimPy works

SHOW MORE

Searching on “discrete event simulation” -> Video of conference talk on SimPy
-> Projects listed on Stefan’s homepage
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RsD DIVISIONS

ENERGY

[ ] r I GROUPS We divided our concrete applications in the Energy ICT-Research and -Development
t e a C e I e ‘ l | | I e SYSTEMANALYSISAND ™~ (R8D) within the OFFIS Division Energy into the following research groups:
DISTRIBUTED
) * OPTIMIZATION

ARCHITECTURE e
ENGINEERING AND
INTEROPERABILITY

were original developers.

AUTOMATION OF
COMPLEX ENERGY
SYSTEMS

The achievement of the long-term climate protection goals of the
Federal Govemment and the European Union will require a
complete restructuring of the energy sector. The increasing share  pr_ CHRISTOPH MAYER
of renewable energy sources and the concomitantly fluctuating

feed into the grid requires a lot of flexibilty from

consumers and distribution structures. Only with the help of

succeed in bringing supply and demand into line without

[ J
PROJECTS PP compromising neither the security of supply nor the data |
BUBLICATIONS securty. The group System Analysis and Distributed Z
TR Optimization employs — based on el hnical, socio-

scientific and economic approaches — methods of computer

HEALTH science to enable an assessment of various scenarios for a DR.ING. JURGEN MEISTER
. . . TRANSPORTATION future energy supply system. MORE
. COMPETENCE CENTER
Discrete event simulation R
° ZSE:'TCS”'O“S g 2’ The group Architecture Engineering and Interoperability develops
A Zd| solutions in research and technology-transfer projects to help
NEWS + PRESS RELEASES v companies to meet their strategic and business objectives.

JOB OFFERS =

* S. Scherfke developed

search

l& Companies are faced with rapidly changing requirements.
N historically grown, heterogeneous IT application landscapes and
(NE short technological innovation cycles. For business information
\‘ systems to operate in this field of tension, flexible and agile
\ concepts are needed - both in the development of individual
& applications as well as in the evolution of IT application
S i Py 3 landscapes. MORE
L] L] L]
i Supports snnulatlor 1S 1IN
i listed on S Sch ’
Projects listed on Stefan Scherfke’s
L]
mosal k homepage -> OFFIS -> Contacted Stefan
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Expressed enthusiasm about
‘ common and complementary
interests

® Overlapping interest in co-simulation

© OFFIS project: distributed energy resources

® Me: distributed demand resources

® Stefan put me in touch with group manager of
Simulation and Automation for Complex
Energy Systems, Dr.-Ing. Sebastian Rohjans

® | noted that | had funding



Articulated my research goals

and simulation plans

® Wrote proposal
with problem
statement,
modeling
approach,
assumptions, and
data sources.

Contents

PrODIEM STALEMENT. 11tiisiiirssrsesissssr s bbb b8 R bbb RR SRR

Introduction .........
Challenge........ccoveuvennene
Research Project Plan ......
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Day-ahead Unit Commitment and Scheduling .......
Demand Participation in Day-ahead Bidding..........
Demand Participation in Ancillary Services (AS).......ccciviicrniniii s assssassesas
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Thermostatic Controlled Loads.......cccoueuee.
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Overview of OFFIS
Energie and Energy
Research at University

' of Oldenburg




‘ OFFIS Energie

®Associated institute

Simulation and Automation of
Complex Energy Systems

®Application-oriented

©-50 software engineers, Systems Analysis and
PhDs, current PhD students Distributed Optimization

©J un.-Prof. Lehnhoff Architecture Engineering and
Interoperability
oversees two groups

simulation group




Energy Research in
Oldenburg

an der
Carl von Ossietzky
Universitét Oldenburg
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* Systems-level simulation * Aerodynamics, damage detection,
* Information and Communication power train, structures, numerical
Technology (ICT) simulation, offshore N eXtEnergy
* Smart Grid, Renewables, Markets, * Joint center w/ Bremen, Hannover * PV, fuel cells, combined
Demand-side, EVs * Partners: German Aerospace Center, heat and power, energy
Fraunhofer IWES Nordwest storage

Founded with EWE



My research
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‘ Areas of research

Co-Simulation of OPF, Load-serving Entities, Air Conditioners

Conventional
i Weather and
and Wind PyPower -
P Distributed
ower
_ OPF solver Solar Data
Profiles
| —
Commercial Mosaik
and Air Conditioner
. Co-simulation
Industrial Model
Load Data Engine

Fixed

Data

Residential Load

L Load-serving Entity
Model

®ltem 1: Made high-voltage
simulator PyPower run with
PV buses and solve for
gens’ least-cost output

®|ltem 2: Collected data for
air conditioner simulation,
system benchmark

®ltem 3: Developed
equations for air
conditioner model entities



Item 1: Made high-voltage
simulator minimize cost

Before

When using mosaik to run
PyPower, PyPower ran
power flow for distributed
generation

When using mosaik to run
PyPower, mosaik
accepted Excel and JSON
text formats as inputs

After

When using mosaik to run
PyPower, PyPower runs
high-voltage optimal
power flow (least cost)
When using mosaik to run
PyPower, mosaik accepts
Excel, JSON and standard
PyPower case format



Item 2: Web-scraped public power system
(ERCOT) and weather through automation

©®Benchmarking:
Total ERCOT
demand, system
capacity, total wind
every 5 mins.)

& €' | [ www.ercot.com/content/cd
Apps (] Saved tabs

Real-Time System Conditions
Last Updated Oct 22 2015 11:10:40 CDT

Frequency
Gurrent Frequency 59.963
Instantaneous Time Error 15503
Real-Time Data
Aetusi System Demand 0055
Total System Capacity (not including Ancillary Services) 43785
Total Wind Oviput 306
DC Tie Flows
DC_E (Eas) £}
DC_L (Laredo VFT) 1
DC_N (North} -63
DR (Rairoad) ]
DC_S (Eagk Pass) 5

Energy

©®Benchmarking:
Online generation
capacity, controllable
load (every 5 mins.)

€ = € [) vwwercotcom
5 [ Saved tabs

System Ancillary Service Capacity Monitor
Last Updated Ot 22 20 2
Responsive Reserve Capacity (MW)
G Res &

1,346
Load Resources excluding Controliable L03d Resources 1305
iable Load Resources 0
Non-Spin Reserve Capacity (MW)
Generation Resources With Energy [
Indepioyed Load Resources 0
OftLine Generaion Resaurces 32
Resources with Output Schedules [
Undeployed Regulation Capacity (MW)
537
350
System Available Capacity (MW)
Capacity fom Conballadle Load Resources available Io decrease Base Points (anergy consump! 0
sat Resources available to increase Base Poins (energy cansumgbon) in [
s avaltable 0 Increase Generation Resource Base Points In SCED 2671
vailabie 1o decreass Generalion Resource Base Points in SCED 46234
ase Generation Resourcs Base Points in SCED 4
5 avalabie 1 decrease Generaton Resource Base Points In SCE 13
ERCOT-wide Physical Responsive Capability
ERCOT-wide Physical Responsive Capability (P 3290

Reserves

®lnput to air
conditioner
simulation by Texas
region: temp., wind,
cloud cover (hourly)

€« C | [3 wlweather.gov/obhistor

Apps (] Saved tabs.

weather.gov
Weather observations for the past d SHATH,

Houston, Sugar Land Munlclpn“l IH @':

Airport R
Enter Your "City, ST" or zip code | NN metric en espaiiol

Temperature (°F) Pressre  Precipiation (in.)

Wind Heat
ime Vs sky Relative.
Weather hour Chil Index sea
t (cdt) (mph) (mi) Cond. Humidty Ol 174X atimeter
. A DBt e sl ]
22 0953 E9 1000 Light ~ BKNO19 78 74 §7% NA 80 3003 10171 0.01 001
Rain  BKN032
ovCco4d
220853 E9 1000 Overcast SCT018 78 73 85% NA 80 3002 10167
BKN023
ovCos0
22 07:53 SE 1000 Overcast BKNO14 76 72 88% NA 76 3000 10160
156 ovco26
21

22 06:53 E10 1000 Mostly BKNO15 76 71 76 75 85% NA 77 2998 10154 001

Cloudy BKNO20
BKN028

Weather



Item 3: Derived temperature
equation for air conditioner
model entities

®Temperature as a function of time

The following functions have been derived, beginning with a solution to the differential equation 13 from
Ihara and Schweppe.
7 Thermal constant for building
Ty Ambient (outdoor) temperature
w Air conditioner on (1), off (0)
T'g Heat gain for air conditioner (< (1)
dT 1

— =——(T -Tf — uwT,
dt T{ )

Solution:

T(0) — Tf — H"T:..r
Tt'=T T, : 4
() f*“ J* l‘.\‘.p{%}



Item 3: Derived cycle duration
‘ equation for air conditioner
model entities

®Time as function of starting, ending temperatures

The derivation begins with the formula for T(t) previously derived. The constant ¢ is again based on
Tr0)—Tf = T,.
T.q 1s the ending temperature and represents T'(t). while ¢ is the duration of temperature change.
"

Tena =Ty + 0T +

t=T1ln {“” - _I_f - W.I.”
Tend — T — wT,

Solution:




‘ Ongoing discussion and
support




' Quick visual tour



—_

Next to Campus Haarentor Wheels



Campus Wechloy
Carl von Ossietzsky Universitat Oldenburg
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