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Integration of Short-term Dynamics into Long-term Models

-
——

Long-term energy system models cannot

e ¥
incorporate daily operation of power plants "'T’ ?ﬂ
i 7
* Related short term constraints may
significantly impact longer term investments
g y Imp g {‘ ‘ N
» But constraints like ramping rates, start-up o <2 ‘
costs, minimum stable generation, etc., are
usually not considered 1 o
«» b7,
« 0SeMOSYS was enhanced to capture the * 3¢ ‘¢4
impacts of variability on system adequacy
and security requirements T) x
» System adequacy: Endogenous calculation of c *

capacity credit by OSeMOSYS
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O0SeMOSYS

Open Source Energy Modelling System

» Limited set of accessible energy systems models, often

significant investments in human resources, training, [ s m"'é
software. . : =
« OSeMOSYS is linear energy systems optimisation model, e
. . . . . | Cost ’ AdequacyA | BalanceA Capacity
with no associated upfront financial requirements. ol | | ot e o @ T
- . : _________________ Comgoadocipn ;
» ,Lego block structure* allows easily adding elements. S temiaa K
Every block consists of conceptual describtion, formulas, =~ e d

and code.
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System Security — Operating Reserve

* Primary & secondary, upward & downward
reserve

» Specific reserve contributions based on
ramping rates can be defined for any
technology, also demand-side

« Minimum stable generation levels considered

* Minimum level of spinning reserve can be 5
defined @ |

» Cycling constraints: changes of online capacity °] s
and generation from one time slice to another ; EBBHBQHBQQ accer

B CCGT-fl
can be limited -~

W Nuclear
Coal

* No mixed-integer programming introduced 0 |
* Model enhancements documented in detail 7

-80 -+
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System Security — Selected Equations

Secondary Primary Primary Secondary

Downward Downward Upward Upward

Reserve Reserve Reserve Reserve
1 [}

< < -l ------- B

v

. :4 ' Online [Operating Range -

4

] % !
Zero Operation Min. Stable Min. Rate of Electricity Online Capacity
of Online Flants Generation Production

Vy 15 ElectricityForTransmissionTag;, = 1 &
(MaxPrimReserveDowny ;, or MaxPrimReserveUp,,,) < MinStableOperationy,, &

(MaxSecReserveDowny ., or MaxSecReserveUp,,,) < MinStableOperation,,,:

OnlineCapacityy ; ., » MinStableOperation, ., » CapacityToActivityUnit, , +
PrimReserveDownByTechnologyy i.» + SecReserveDownByTechnologyy i.r <
RateOfProductionByTechnologyy 1+ r.» (R15)

Yy Ltf ff=PrimReserveup fff =Secreserveupr: ElectricityForTransmissionTagys , = 1:
(MaxPrimReserveDowny ., or MaxPrimReserveUp,,,) < MinStableOperationy, &
(MaxSecReserveDowny ., or MaxSecReservelUp,,,) < MinStableOperation,,,:

RateOfProductionByTechnologyy ;. rr+ RateOf ProductionByTechnologyy ic sr.r +
RateOfProductionByTechnologyy ;. ssf.r < OnlineCapacityy ;.. » CapacityToActivityUnit,, (R16)
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Background — Irish Case Study

 Comparative UCC study using TIMES & PLEXOS

. ) Comoeran v awmiatte & ScNewe Soenorect E
* Modelled Irelands 40% RE generation target for il il
2020
Modelling elements of Smart Grids — Enhancing the 0SeMOSYS (Open Source
. . . . . Energy Modelling System) code
« Setup OSeMOSYS in a similar fashion as Irish B WM Mo B 5. . o

TIMES model (12 time slices)

* Added detail taken from the Plexos model (8760
time slices), but maintained 12 time slices

o Compared results with TIMES/Plexos

« Publication: Deane, J.P., Chiodi, A., Gargiulo, M., O
Gallachair, B.P., 2012. Soft-linking of a power
systems model to an energy systems model. Energy
42, 303-312.

i Malding e seas of Smat Gads - Exasciy G OSMOSYS (Opes Sowce Evergy

Prae cie this agicle ia
Ve Sy e, o gy (20 73 o A ol 20,00 e 2002 DD T
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Parameters

Parameters Plexos 05eMOSYS TIMES
Enhanced

Technical Installed capacity v v v
Input/output fuels v v v
Heat rates/efficiencies v v v
Min. stable generation v v
Up/down ramp rates/reserves v v
Min. up and down times v *
Maintenance rates/availabilities v v v
Repair time 4

Economic Fuel costs v v v
Emission costs v v v
Variable O&M costs v v v
Fixed O&M costs v v
Start-up costs v *

Environmental Emissions v v

* Could be considered indirectly through cycling characteristics
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Background - Republic of Ireland

* 16% renewable energy target for 2020

Cwogy v GOD) b-i4

. 3 Comnar s svaiatie @ Schew e Soercdrect =
« Translates to a 40% renewable generation target il Erersy

[owrn sl o mepage www alaeviar com/io cataianargy

Modelling elements of Smart Grids — Enhancing the 0SeMOSYS (Open Source

» Technically feasible maximum wind penetration rates
Energy Modelling System) code
are expected to range between 60 — 80% of the load M W M Howe”, M. Bz, DeCaros. Hemann L. g

T Rt Bt of WAk gy BANE A
. et irurgy i ormory (NEL | Cadn,

- T oty 2ea N
* g Ao s Ear Ay ACAL arne A wms

« Extending the time horizon to 2050, greenhouse gas
emission reductions of 80% below 1990 levels

Frae cie tis asicle i Weleh M, o al, Mudeling elrowes of Smat Gids — Exhanciy e OSMOEYS Sowce Erevgy
Md-.;s--ﬂl. {nnumMm e
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Irish Case Study

Scenarios

0OSeMOSYS Simple:
Built on core code of OSeMOSYS, similar to the stand-alone TIMES model.

0OSeMOSYS 70% Wind:

Draws on external, detailed wind availability assessment. Enabled a more accurate
consideration of the 70% wind generation limit.

TIMES-PLEXOS Simple:
Increased temporal resolution (hourly intervals), no additional operational constraints.

0OSeMOSYS Enhanced:

Considers increased operational detail (operating reserve requirements, max.
contribution of power plants to meeting these reserves, minimum stable generation)

TIMES-PLEXOS Enhanced:

Increased operational detail (start-up costs, minimum stable generation, ramping rates,
and operating reserve requirements)
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Results for 2020

12 0SeMOSYS Simple

io W 0SeMOSYS 70% Wind

B TIMES-PLEXOS Simple

< 3
= M 0SeMOSYS Enhanced
-
s 6 TIMES-PLEXOS Enhanced
®
]
g 4
5 .

Gas Coal Peat Distillate Wind Storage

o
cch.

CC-new |

Annual generation of the modelled power plant types
0OSeMOSYS results in shades of green, TIMES-PLEXOS results in shades of blue.
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Results for 2020

12 0SeMOSYS Simple
15 ® 0SeMOSYS 70% Wind
B TIMES-PLEXQS Simple
T g | _
= 1 0SeMOSYS Enhanced
-
Absol Diffe 0SeMOSYS 0SeMOSYS TIMES-PLEXOS 0OSeMOSYS
solute Difference Simple 70% Wind Simple Enhanced
[TWh/a] 6.4 5.3 2.9 1.5
[% of Yearly Generation] 21.4% 17.6% §57% 5.0%

, 2 I I W _ B
S 2

CC-ne

Gas Coal Peat Distillate Wind Storage
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4 . N
20 1 u Oil steam
§18 _ " Solar
! ® Wind offshore
116 u Wind onshore
u Biomass
349 ® OCGT
Elz | mIGCC
; " Gas with CCS
9 10 1 Coal with CCS
e ® Pumped storage
- 8
= ® Hydro power
g‘ 6 m Distillate Oil
5 Gas
x " CC-new
; mCC
2 W Biogas
) H Waste
{ .9 .g, ’9 @ @ ", @ '9 M Peat
§ § §&§ & F§ 8 75 F F acea
Optimised capacities based on enhanced OSeMOSYS model
\_ J
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Results for 2050

0SeMOSYS Simple
25
W 0SeMOSYS 70% Wind
0SeMOSYS Enhanced
20
=
E, 15
[ =
=]
=
o
o 10
c
]
(U]

CC-new
Biomass [
Hydro
Solar
Storage

o (9]
Gas with ccs [
Coal with ccs |[INEEREG——

Wind Offshore [N

Wind Onshore

Annual generation of the modelled power plant types

20.01.2015 desa.kth.se 13



e

m——

@

FKTH} Comparison of Results of 0OSeMOSYS with TIMES-PLEXOS Model

VETENSKAP
3¢ OCH KONST 8¢

Sanca Case Study

ROYAL INSTITUTE
OF TECHNOLOGY

Results for 2050

Deviation of capacities, discounted costs and emissions from enhanced OSeMOSYS model

0SeMOSYSSimple Unit 2020 2025 2030 2035 2040 2045 2050
Total capacity % 0.0 4.0 46 38 3.3 -21
z . . .

[Elomt copo ity et o) 0.0 40 174 203 151 19§
Capacity 0SeMOSYS Enhanced
Discounted costs % 9.0 40.5 -113 -40 -5.8 -215
Emissions % -1.3 -7.6 -144 -5.4 0.0 0.0 0.0
0SeMOSYS 70% Wind Unit 2020 2025 2030 2035 2040 2045 2050
Total capacity % 0.0 0.0 -1.4 -1.3 -1.2 -6.4 -7.8
z . - 3

ot capantly deviations 0.0 0.0 7.3 128 94 141  13.0
Capacity 0SeMOSYS Enhanced
Discounted costs % -2.3 -1.9 -0.2 -3.0 -9.1 -15.2 -3.9
Emissions % 35 0.3 -1.3 2.5 0.0 0.0 0.0
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Conclusions

 Long-term energy systems models which omit
short-term constraints: Simple OSeMOSYS : e

0 Energy
£ ke

model: 21.4% of yearly generation in 2020 assigned EER e e e et
to different power plants than in enhanced model. Modellng lements of Smat Grids — Enhancing the OSeMOSYS (Open Source

Energy Modelling System) code

M. Welsch =, M. Howells®, M Bazilian ®, | DeCarolis®, S. Hermann 4, HH. Rogner
an

« Soft-linking: two separate models have to be set-up
and maintained; no overall optimisation across the
two models -> identified capacity investments may
not present the economically most efficient pathway

e Integrating operational aspects into the long-
term models: 95.0% of the dispatch results of the
enhanced OSeMOSYS model matched those of an
interlinked model with a 700 times higher temporal
resolution.

i Malding e seas of Smat Gads - Exasciy G OSMOSYS (Opes Sowce Evergy

Praw cie Ous atice i
mm-mﬁ-amn -mww—-mmn
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Conclusions

e Integrating operational aspects into the long-

term models: In conventional model, up to 23.5% of I =
total capacity in 2050 assigned to different power i ottt e s e
plants than when considering operating reserves. Modelling elements of Smart Grids — Enhancing the OSeMOSYS (Open Source

Energy Modelling System) code
M. Welsch 4=, M. Howells, M Buzilian ®, |. DeCarolis®, S. Hermann “, HH. Rogner ¢

v e e, s

* Approach presented for OSeMOSYS, but can as
well be implemented in other long-term models.

« M. Welsch, M. Howells, M. Hesamzadeh, B. O Gallachéir, P.
Deane, N. Strachan, et al. Ensuring Supporting Security and
Adequacy in Future Energy Systems — The need to enhance
long-term energy system models to better treat issues
related to variability. minor revisions.

« M. Welsch, P. Deane, F. Rogan., M. Howells, B. O
Gallachdéir, H.H. Rogner, et al. Incorporating Flexibility
Requirements into Long-term Models — A Case Study on
High Levels of Renewable Electricity Penetration in Ireland.
under review. kg e et Loy (0 T B 0 R OB s O S B
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Long-Term Energy Systems 1 7
Planning: Accounting for

Short-Term Variability and

Flexibility

Manuel Welsch, Dimitris Mentis, Mark Howells
Division of Energy Systems Analysix KTH Royal Instiute of Techmologx Stockhadm

1. Introduction
Acconding to the International Energy Agency (IEA), the world continues to diverge from a pathway
toward meeting internationally agreed climate change targets. Global average temperatures are ex-
pected to increase by 2.8-4.5 °C by 2100 if no countermeasures are taken [1]. This calls for a major
trunsformation of our energy systems, in which renewable energy technologies play an important role
to mitigate climate change.

The electricity production of renewabl e energy sources, such as wind and solar power, is variable as
a function of the availability of the renewable resource at hand. Variable renew ables certainly provide
secure quantities of energy when considered over longer time periods, but they do not guarantee the
secure delivery of power as and when needed [2]. The variability they introduce adds to the overall
fluctuations in power systems. For example, on the supply side, these may be due to outages in
conventional power plants, and on the demand side, they may be due 1o the time dependency of loads.
As the shares of renewable electricity generation rise, future power systems need to be increasingly
flexibility to cope with such fluctuations to balance supply and demand. Energy policies and strategies
are required that facilitate the transformation to such increasingly flexible power systems.

Energy models have successfully proven their use ininforming the development of energy policies and
strategies from the early 1980k on [3-6]. They commonly serve as test-beds to investigate developments
or system configurations that would be impractical, too expensive or impossible to test in real-wordd
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