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Â Status Quo of demand response in Germany and Europe

Ịᶂᵙ₰╖ ∂ӚᵠẔ￼אꜛ

Â Challenges with increased renewable generation

ᴵԜּו ◊ᴧּכᶭ Ṿ￼ὠἇ

Â System operation of transmission grids כּ ￼

Â Grid infrastructure and grid congestions כּ ￼ᶢ ᾼấ Ҩᴣּכ ᶧᶩ

Â Generation and demand at low voltage levelsӉּכᴙ↨Ẉї￼ᴧּכᵙ ∂

Â Enablers for an efficient integration of renewable energies

ᴵԜּו ◊Ẋ ￼Ӟἄᵼ

Â Demand response ∂ӚᵠẔ

Â Sector coupling ᵀ
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FRAUNHOFER INSTITUTE FOR SYSTEM AND INNOVATION 
RESEARCH ISIậםỢ ᷀ ᵙֳᾺ Ἅ

Â Total Number of staff 31 Dec 2017: 224

ᵓṩ ᾎσ224ҙεợ 2017Ẉ12ῐ31ᾤ

Â .ǳŘƎŜǘ  нлмтΥ  ŀǇǇǊƻȄΦ  ϵ ноΦф Ƴƛƭƭƛƻƴ

2017Ẉ σ Ѭ2390ѓ₀ӹ

Â ƻŦ ǘƘƛǎ ϵ нлΦн Ƴƛƭƭƛƻƴ  ŜȄǘŜǊƴŀƭ ŜŀǊƴƛƴƎǎ ŀƴŘ 

Ԏѧ2020є₰Ӻѭᶹ ᾠ

Â ϵ оΦт Ƴƛƭƭƛƻƴ ōŀǎƛŎ ŦǳƴŘƛƴƎ

370є₰Ӻѭᶢ֧

Â 420 research and consultancy projects per 
year

₤Ẉ420ѥֿכ ᵘᵚ אָ
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Status Quo of demand 
response in Europe

₰╖ ∂ӚᵠẔ￼אꜛ
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EU w ide  so lu t ions  to  in tegra te  renewab le  genera t ion
₰ ᶀԓᴵԜּו ◊ᴧּכẊ ￼ ֘Ά

Established measuresאḕὺᾼ

Â Improved RES forecast ḢᵱRES￼ ╜

Â Regional sharing of reserves תᶟӴᶵԊҕ

Â Restricted DG-infeed of solar PV
ֺ֫ṵẪӿҴᴧּכ

Â Grid monitoring/control כּ ί/ίֺ

Measures in development⃰ ᶈẦᴧ￼ὺᾼ

Â Ancillary services from RESRES￼ ᷿Ὸח

Â Decentralisedstorage ֫ᾫḕӴ

Â Demand response ∂ӚᵠẔ

Â Smart grid technologies (DSOs)

ΰ כּ Ἡ ε כּ ᵬζ

Source: EU Commission
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Demand Response  and  Demand F lex ib i l i t y
∂ӚᵠẔᵙ ∂♄╗ớ

Â Demand responsedescribes a voluntary change in the electricity demand of individual end customers from their 
usual consumption pattern as a result of

∂ӚᵠẔῗὝּ҈יҨїѣ♇Ậ דכּ￼ ∂Ӛ ╦ἋῄẂזּ ₩Ẫ￼ Ỷᾡᴪχ

Â changes in electricity prices over the course of the day (indirect load management) or   

⅛ῄּכҮ￼ᴪטε ὓ ζἆת

Â bonus payments (direct load management) with the aim of ensuring a balance between demand and 
production.

ὓבᾟҥεּכ᷾ ζῈᶈת Ӡ ∂ᵙּוғ ￼Ẉ

Â Demand flexibility describes the implementation of measures to increase the flexibility of electricity demand, e.g. 
through technical or organisationaladjustments

∂♄╗ớῗὝ Ҏὺᾼ￼ḫᾼᶭדכּז ∂￼♄╗ớιḅ Ἡ і￼ἆ і￼ ᾯ
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Main  Bene f i t s  o f  Demand Response  and  Demand F lex ib i l i t y
∂ӚᵠẔᵙ ∂♄╗ớ￼Ѯ Ḅᶴ

Â Benefits of load flexibility from the system perspective

Â Balancing electricity demand and supply

Â Support in case of network bottlenecks

Â Avoidance of peak loads

Â Increasing the utilisationof electricity grids and 
generation facilities

Â .ŜƴŜŦƛǘǎ ŦǊƻƳ ǘƘŜ ǳǎŜǊΨǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ

Â Reduction of electricity costs

Â Reduction of network costs

Â Additional revenue potential (e.g. system services)

Â ҡ ẙ֫‘ ♄╗ớ￼Ḅᶴ

Â Ẉ דכּ҃ ∂ᵙӗẔ

Â ᶈ גֹּ ￼ừ֙їώӗᾟὙ

Â ԁ҃ṤӪ

Â ώ כּ҃ ᵙᴧּכ ᾼ￼ַּזꞌ

Â ҡּזἋ ẙ֫‘ ♄╗ớ￼Ḅᶴ

Â Ӊּ҃כ

Â Ӊּ҃כ זּ

Â Ṿ ệ ᶹᾠԄ￼☺דεӕḅ Ὸחζ
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Demand responsein  Indus t ryςSta tus  Quo Germany
Ṫў ᶟ ∂ӚᵠẔττỊᶂאꜛ

Â Demand responsesystemalreadyused
in Industry

∂ᵠẔ ṰẔּ҈זṪў ᶟ

Â Main applicationispeakloadreduction
due to grid tariffs

ῳѮ ￼Ẕּזῗּכּ҈י ꞌṀ ￼
ṤӪ ֟Ṉ

Â Demand responseismainlyby
companiesthemselves

∂ᵠẔѮ Ҳўיּ

Â Onlylimited numberof sitesis
controlledby networkoperatoror
serviceprovider

ᴱῶṈᾭּכּי ᵬἆῸחώӗᵬ
ѮṀ

Industry sites with and without
Ṫў ᶟῶ ∂ᵠẔᵙ≡ῶᵠẔ

demand-side management system ςtop 10 in 2017
∂Ӛ ת ττ2017ẉὴᵄׁײ￼ ў

Number of sites
∂ӚѦᾭ

TWhper site
TWh⅛Ѧ ∂Ӛ
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Challenges for RES Integration

ᴵԜּו ◊Ẋ ￼ὠἇ



© Fraunhofer ISI 

Seite 10Seite 10

C h a l l e n g e s  d u e  t o  h i g h  w i n d  a n d  p v g e n e r a t i o n ᵙӿҴ￼ ғ Ṿ￼ὠἇ

Copyright © by Fraunhofer-Gesellschaft

More than 52 
GW of

wind/pv
generation

Ịᶂ2019ẉ 11ᴗ ғᾭὯוּדכּ￼

52GW
￼ /ӿҴ
ᴧּכ

ӿҴ
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R E S  g e n e r a t i o n  h a s  s t r o n g  i m p a c t  o n  m a r k e t  p r i c e sᴵԜּו ◊ғּכ‖ᶽẽᵠ҃ṴᶋҮ

Copyright © by Fraunhofer-Gesellschaft

Negative marketpricesleadto
reductionof conventional

generation

ҮṀכּ ҽ ᴧּ֟כṈ

Ịᶂ2019ẉ ײ ᵕּוּדכғᵙḫῊּכҮᾭὯ
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RES genera t ion  impac ts  on  sys tem opera t ion  cos ts  o f  the  
t ransmiss ion  g r i dI Ԝּו ◊ᴧּכḾ כּ ἄ ￼ẽᵠ

Â Delayed grid extension lead to higher system operation 
costs of the transmission grid

כּ Ἓấ￼ảῼṀ כּ ἄ ᶭז

Â but balancing costs decreased substantially

ӇẈ ἄ ᶽẄї

Â System grid operation costs vary with yearly RES 
generation (e.g. in low wind years)

כּ ἄ  ⅛ẉ￼ᴵԜּו ◊ᴧּכ ᴪק
(ӕḅᶈṈ ẉҰ)

Â Commissioning of new lines decrease redispatch volumes

Ὰ ￼ Һ֟Ṉ Ὰ ẙ￼ᾭ

=> congestion management costs become substantial part of 
transmission system operational costs

Ἡᶦ Ᵽở῞ởѬҼ ở῞ַײ ở ֪
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Cha l lenges  in  d is t r ibu t ion  g r ids
כּ ֹ￼ὠἇ
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ᴙכּ
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generation

ẬכӿҴᴧּ҈יּ ￼ᴙ״

Voltage decraseby 
additional load
ז Ậ ￼ᴙ

Power congestions
דכּ ᶩ
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ט└ᴙכּ

ᾭ
N

u
m

b
e

r
ᾭ

N
u

m
b

e
r

Source: Fraunhofer ISI 2018

Ý newgenerators, demand and storage on distribution level
ᶈ֫ṵẪṖ іᾺ￼ᴧּכ ᶵι ∂ᵙḕӴ

InstalledPV-Storage systems
Ḡ ￼ӿҴӴ
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Enabler for RES integration

ᴵԜּו ◊Ẋ ￼Ӟἄᵼ
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Di rec t  Demand Response  ( incen t i ve  based)
ὶ ∂ᵠẔεҨ᷾כѭᶢ ζ

Examples for directdemand response ּבὓ ₱ᵟẓַײ’Ӕ

Prequalified capacity ḾԎ ￼ד  Ḭ

Immediatecurtailable loadsᴏῊᴵ֟׀￼ 999 MW

Fastcurtailable loadsồ ᴵ֟׀￼ 1537 MW

Remuneration ם

Capacity payments
ḳ ҥ

Tender result, up to 500 Europer MW 
ǇŜǊ ǿŜŜƪ Ǉƭǳǎ плл ϵκa²Ƙ ŦƻǊ ŀŎǘƛǾŀǘƛƻƴ
Ἦ‰ ‛ιῳ ⅛ᵕ⅛ӽּ500₰בӺזі
400₰Ӻ⅛ӽּבῊεḅ‛ᴠљ҃ ẙζ

Tender conditions Ἦ‰ҭ

Tendering
Ἦ‰

Weekly, 2 times 750 MW (frequency 
andremotely controlled activation)
Duration 15 min up to 8 hours
⅛ᵕѣ₭750ӽּבε ꞌᵙ ίֺ￼☼╗ζ
Ὑ Ὴ 15֫ ֹ8ṇῊ

Capacity ḳ Between 5 MW and 200 MW
ᶈ5ӽּבᵙ200ӽּבѳ

Â ᴠљ￼ ὶ

Â Ṵᶋ  εᵍ᷾כζ

Â Ẉ Ṵᶋ

Â ῸחεӕḅᴵѧᾸ ζ

Â ᶈԎḜᶂḲ

Â ἥᴧṴᶋדכּ

Â ḳ Ṵᶋ

Â ᴠљ￼Ἡ  ∂εḅ ίֺ ᶈ ίζ

Â Ẃᶈ ἄᵬ￼ẁיїιӇῗѼῶ ӗẔᵬ

Â Direct remuneration for participation

Â marketing opportunities (with incentives)

Â balancing market

Â system services (e.g., interruptible  loads regulation)

Â in other countries

Â wholesale electricity market

Â capacity market

Â Technical requirements for participation (e.g. remote control, online 
monitoring)

Â Frequently with the help of aggregators but also by suppliers
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Demand responseapp l i ca t ionsςIndus t ry
∂ᵠẔ￼ẔּזττṪў

Â Large curtailment flexibility in energy 
intensive industry

ᶈ ◊Ḹ ᶚҲўᶽ ֟׀₩ ∂￼
♄╗ớ

Â Expected flexible capacity in 2030 about 
3 ς4 GW

ֹ2030ẉ♄╗ớ ￼ḳ ѭ3-4 
GW

Â 10 % of industry peak demand

Ṫў ∂ṤӪ￼10%

Â Applications from aluminiumindustry 
used for interruptible  loads program

 ўּ҈זᴵѧᾸ ֮￼Ẕ
זּ

0

200

400

600

800

1000

1200

1400

in
 M

W

CurtailableLoads German Industry2030

ֹ2030ỊᶂṪўᴵ֟׀￼



© Fraunhofer ISI 

Seite 17Seite 17

Demand responseapp l i ca t ionsςStee l  indus t ry
∂ᵠẔ￼Ẕּזττ ў

Â Steel production with EAF
Ẳכּזּ ￼ ғוּ

Â Batch process
ἥ₭זṪ

Â Production period 45 min
ғᵕῼ45֫וּ

Â Power: 100 MW
בꞌχ100ӽּו

Â spec. Electricitydemand: 
500 kWh/t
ԏӌּדכ ∂χ500בּ׳Ὴ/

Â Capacity: 200 ton
ғ χ200

Â YearlyProduction200 t oven: 1,5 Mio. t
200 כּ ẉғ χ150є

Â Stahlpreis: 500 ςслл ϵκǘ όнлмфύ
Үχ500-600₰/ ε2019ẉζ

Â TypicalSales: 750 ςфлл aƛƻΦ ϵ
Ԑᶚ ᵩχ7.5-9қ₰Ӻ

ElectricArcFurnanceςSteel Industry

Ẳכּ ττ ў

Source: Stahl-Online
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Demand responseapp l i ca t ionsςPaper  indus t ry
∂ᵠẔ￼Ẕּזττ ў

Â Paper making process

Â Continues process
Ὑ ғוּ

Â Production of basic material for 
paper production (wood pulp)
҈זғּוּ ￼ᶢ  ᾳε´
ζ

Â Power: 15 MW (Refiner),
3 ς5 MW (Grinder)
εבꞌχ15ӽּו ♠ ζι
3-5ӽּבε Ẑζ

Â spec. Electricitydemand: 
> 2000 kWh/t
ԏӌּדכ ∂χᶽ҈2000בּ׳
Ὴ/

Paper industryςGrinder

Ṫўττ Ẑ

Source: VDP-Online

Paper industryςRefiner

Ṫўττ ♠ 

Wood chips´

Silo Ң

Refiner ♠ 

Rotatingdisc᾿ Wood sticks´

Wood shaft´

Chains 

Grinder Ẑ

Fibretray
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∩
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Wood pulp

´

Wood pulp´


