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Smart	Grid	and	the	unholy	Trinity
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The	global	energy	system	today

Dominated	by	fossil	fuels	in	all	sectors:	(Source	IEA)



The	future	low-carbon	energy	system

The	2DS	in	2050	shows	a	dramatic	shift	in	energy	sources	and	
demands:	(Source	IEA)



Energy	Systems	Integration		

• optimization of	energy	systems	across	multiple	 pathways	and	scales
• increase	 reliability	 and	performance,	and	minimise	 cost	and	environmental	impacts
• most	valuable	at	the	interfaces	where	the	coupling	and	interactions	 are	strong	and	

represent	a	challenge	 and	an	opportunity
• control	variables	are	technical	economic	and	regulatory







Ireland	



Wind	Installed in	Ireland

Sources: EirGrid http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/ ,IWEA 
and Eirgrid Generation Capacity Statement 2016-2025 and Irish Wind Energy Association 

22.8 % electricity from Wind 2015

0 57 62 70 116 125 137
212

343
495

745
850

1002

1260

1425
1577 1637

1844

2211

2380
2527

0

500

1000

1500

2000

2500

3000

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Iri
sh
	W

in
d	
Ca
pa
cit
y	
(M

W
)



26th &	27th of	Sept.		2016	(Island	of	Ireland)	
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Fuel	Mix	Ireland	Sep	28th	2016

Source:	Eirgrid	http://smartgriddashboard.eirgrid.com



System	Non-Synchronous	Penetration	(SNSP)

50% 75%

SNSP = 
Wind + Imports

Demand + Exports

O’Sullivan, J., Rogers, A., Flynn, D., Smith, P., Mullane, A., and O’Malley, M.J., “Studying the Maximum Instantaneous Non-Synchronous Generation in
an IslandSystem–Frequency Stability Challenges in Ireland”, IEEE Transactions onPower Systems, Vol. 29, pp. 2943 – 2951, 2014.



SNSP – Ireland – October 2015 

0

10

20

30

40

50

60
10

.1
.2
01
5

10
.2
.2
01
5

10
.3
.2
01
5

10
.4
.2
01
5

10
.5
.2
01
5

10
.6
.2
01
5

10
.7
.2
01
5

10
.8
.2
01
5

10
.9
.2
01
5

10
.1
0.
20
15

10
.1
1.
20
15

10
.1
2.
20
15

10
.1
3.
20
15

10
.1
4.
20
15

10
.1
5.
20
15

10
.1
6.
20
15

10
.1
7.
20
15

10
.1
8.
20
15

10
.1
9.
20
15

10
.2
0.
20
15

10
.2
1.
20
15

10
.2
2.
20
15

10
.2
3.
20
15

10
.2
4.
20
15

10
.2
5.
20
15

10
.2
6.
20
15

10
.2
7.
20
15

10
.2
8.
20
15

10
.2
9.
20
15

10
.3
0.
20
15

10
.3
1.
20
15

11
.1
.2
01
5

11
.2
.2
01
5

11
.4
.2
01
5

11
.5
.2
01
5

11
.6
.2
01
5

11
.7
.2
01
5

11
.8
.2
01
5

11
.9
.2
01
5

11
.1
0.
20
15

11
.1
1.
20
15

11
.1
2.
20
15

11
.1
3.
20
15

11
.1
4.
20
15

11
.1
5.
20
15

11
.1
6.
20
15

11
.1
7.
20
15

11
.1
8.
20
15

SN
SP
	%

Date	and	Time

%	SNSP SNSP	Limit	=	55%



Impact of SNSP on Wind Curtailment

40 % energy 



Denmark



Wind	energy	%,	electricity,	Denmark	



https://www.energinet.dk/EN/El/Sider/Elsystemet-lige-nu.aspx



https://www.energinet.dk/EN/El/Sider/Elsystemet-lige-nu.aspx



Energy	comes	together	in	Denmark

Meibom,	P,	Madsen,	H,	Hilger,	K.B.	and	Vinther,	D	,	“Energy	Comes	Together	in	Denmark”,	Power	and	Energy	
Magazine,	IEEE ,	vol.11,	no.5,	pp.46-55,	Sept.	2013.	



Comparing the	flexibility options
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§ Relativevalueof	new	flexibilityoptionsfor	Northern Europe,	scenarios
with	lot of	windpower:	42-55%	of	energy

§ For	wind,	transmission,	heat sector flexibility and	demand response
most important (Source:	Kiviluoma	et	al,	VTT)

Transmission	 best cost benefit

Power	to	heat good cost benefit

Demand response – without costs

Battery storage benefits with	low costs only
(better for	PV	than wind)



Transmission	playing	its	part	

Note	the	sag	on	the	line	



Enter	the	“consumer”	

‘Engineers	and	economists	
are	ignoring	people	 and	
miscasting	 decision	making	
and	action’,	Sovacool,	B.K.	
(2014)	Nature	511,	529-530

“Engineers	 (and	
economists)	 tend	
to	be	ignorant	and	
arrogant	about	
customers”,	 Janusz	
Bialek



Demand	response	- the	“consumer”	and	the	“business	model”

1. Nolan, S and O’Malley, M.J.,
“Challenges and barriers to demand
response deployment and evaluation”,
Applied Energy, Vol. 152, pp.1-10,
2015.

2. O'Connell, N., Pinson, P., Madsen, H.
and O'Malley, M.J., “Benefits and
Challenges of Electrical Demand
Response: A Critical Review”,
Renewable & Sustainable Energy
Reviews, Vol. 39, pp. 686 - 699, 2014.



100	%	Wind	we	will	have	to	change	how	we	live
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Trilemma	plus	the	“consumer”	 a	Quadrilemma	



Conclusions

§Energy	Systems	Integration	(ESI)	is	an	
increasingly	important	area

§Unless	somebody	invents	extremely	cheap	
highly	efficient	storage	for	electricity	ESI	is	
fundamental	to	economic	integration	of		large	
volumes	of	variable	renewable	energy

§ESI	is	a		megatrend	if	we	are	to	address	
climate	change	
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China



Wind	&	solar	PV	curtailment	in	China		

Source: raponline.org



Flexible	CHP	can	reduce	wind	curtailment

Chen,	X.,	Kang,	C.,	O’Malley,	M.J.,	Xia,	Q.,	Bai,	J.,	Liu,	C.,	Sun,	R.,	Wang,	W.	and	Hui,	L.,	“Increasing	the	Flexibility	of	Combined	Heat	and	
Power	for	Wind	Power	Integration	in	China:	Modeling and	Implications”,	IEEE	Transactions	on	Power	Systems,	Vol.	30,	pp.1848-1857,	2015.	



How they do it in China  

• Established in Inner Mongolia, 
2014, with 20 electric boilers

• 500,000 m3 heat supply

• 75 GWh wind power annually, 
equivalent to 19,000t coal  

• Decrease CO2 emission by 68,000t

Source: Chongqing Kang, Tsinghua University

Chen,	X.,	Kang,	C.,	O’Malley,	M.J.,	Xia,	Q.,	Bai,	J.,	Liu,	C.,	Sun,	R.,	Wang,	W.	and	Hui,	L.,	“Increasing	the	Flexibility	of	Combined	Heat	and	
Power	for	Wind	Power	Integration	in	China:	Modeling and	Implications”,	IEEE	Transactions	on	Power	Systems,	Vol.	30,	pp.1848-1857,	2015.	


