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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 



What is Energy System Integration (ESI) ? 
 

Energy System Integration (ESI) is the process of 
coordinating the operation and planning of energy 
systems across multiple pathways and geographical 

scales in order to deliver reliable, cost effective 
energy services with less impact on the environment.  

 

O’Malley, M.J., Kroposki, B., Hannegan, B., Madsen, H., 
Andersson, M., D’haeseleer, W., McGranaghan, M., Dent, C., 
Strbac, G., Baskaran, S. and Rinker, M., “Energy System 
Integration Defining and Describing the Value Proposition”, NREL 
Technical Report NREL/TP-5D00-66616, June 2016. 
[10.2172/1257674] 

http://www.osti.gov/scitech/biblio/1257674/


“Whenever I run into a problem I can’t solve, I 

always make it bigger.  I can never solve it by 

trying to make it smaller, but if I make it big 

enough I can begin to see the outline of a 

solution.”  34th President of US 



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
1

9
9

6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

Ir
is

h
 W

in
d

 C
ap

ac
it

y 
(M

W
) 

http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/
http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/
http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/
http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/


Targets for non-synchronous sources in European Systems 

* Based on analysis of  National Renewable Action Plans (NREAPs) as submitted by Member States 

http://www.eirgrid.com/operations/ds3/ 



With Variable Renewables More Flexibility is Needed 
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Variable renewable energy penetration increasing 

http://smartgriddashboard.eirgrid.com 
 

http://smartgriddashboard.eirgrid.com/
http://smartgriddashboard.eirgrid.com/


Monthly Wind and Generation Ireland Jan 18th 2017  

http://smartgriddashboard.eirgrid.com 
 

http://smartgriddashboard.eirgrid.com/
http://smartgriddashboard.eirgrid.com/


Monthly Fuel Mix Ireland Jan 18th 2017 

http://smartgriddashboard.eirgrid.com 
 

http://smartgriddashboard.eirgrid.com/
http://smartgriddashboard.eirgrid.com/


Gas grids have storage and gas generators are flexible  

http://www.solarstorms.org/Pictures/AlaskanPipeline.jpg 



Renewable energy and load characteristics   

Ireland ERCOT 

AEMO, Australian Energy Market Operator, “Wind Integration In Electricity Grids: International Practice And Experience” 
Work Package 1, 2011. 
http://www.aemo.com.au/~/media/Files/Other/planning/0400-0049%20pdf.pdf 

Dance partners   

http://www.aemo.com.au/planning/0400-0049.pdf
http://www.aemo.com.au/planning/0400-0049.pdf
http://www.aemo.com.au/planning/0400-0049.pdf


Synchronous systems in Europe 

Continental Europe 

Ireland & 
Northern 
Ireland 

Great Britain (GB) 

Scandanavia  

Baltic 

Malta 



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 Island System – Frequency Stability Challenges in Ireland”, IEEE Transactions on Power Systems, Vol. 29, pp. 2943 – 2951, 2014.  

 



SNSP – Ireland – October 2015  
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Date and Time 
 

% SNSP SNSP Limit = 55%



Impact of SNSP on Wind Curtailment 

40 % energy  



Look at heat and electricity   



RealValue Consortium 



Load shifting (thermal electric storage) in Ireland  

• Capacity value of resource 
is limited because:  

 

• Consumer requirements 

 

• System operations 

 

• Base case  

 

 

 

 

 

S Nolan, O Neu, M O'Malley. ``Capacity Value Estimation of a Load-Shifting Resource using a Coupled Building and Power System Model'', Applied Energy, Vol. 192, pp. 71 – 82, 2017. 



Consumer satisfaction at the heart of 
unlocking demand side flexibility 

• Implementation of DR should not cause discomfort to end users 

• Energy/Reserve scheduling models would overestimate DR potential if consumer comfort is 
not considered 

• Need integration of building dynamics and consumer preferences in power systems models 

Heater ON – thermal 
comfort 

Reserve provision call 

Heater OFF to provide reserve – 
might cause thermal discomfort 



Trilemma plus the “consumer” a Quadrilemma  



China 



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.  



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.  



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 



Denmark integration of wind: The role of interconnection  
 



36 36 

Comparing the flexibility options  

-1 0 1 2 3 4 5

All

EB+HP+HS

Heat pump

Heat stor.

Elec. boiler

Trans

Trans unlm.

PHP

Flex

Battery 50

Battery 100

Dem. resp.

System benefit of flexibilities (G€/year) 

 Relative value of new flexibility options for Northern Europe, 

scenarios with lot of wind power: 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  



Aggregation of solar 

The lack of correlation in 

changes solar over short time 

scales means that the 

variability of the aggregated 

multiple sites is significantly 

smoother than the variability of 

an individual site.  

  
Five closest sites: 50 – 170 km 

apart 

 

All 23 sites: 20 – 440 km apart 

Mills, A. D, and R. H. Wiser. 2011. Implications of geographic diversity for short-term variability and predictability of solar power. In 
2011 IEEE Power and Energy Society General Meeting, 1-9. IEEE, July 24. doi:10.1109/PES.2011.6039888. 
 
         Source: Andrew Mills, LBL 
 



Storage    



40 16/03/2017 

Courtesy of Julia Badeda, ISEA-RWTH Aachen, Germany, and data from refs: Deutsche Bank (2009), 

BCG [Din10] (2010), Roland Berger (2010), TIAX 18650 (2010), CE Delft (2011), AT Kearney (2012), 

Roland Berger Automotive [Ber12a] (2012), Roland Berger Lithium [Ber12] (2012), Element Energy 

[Clu12] (2012), Avicenne (2013), Roland Berger (2013), ISI (2013), MW Group (2013), Navigant (2014), 

ISI (2015), UBS (2014), UBS-A (2014)..  

Figure 2 History and future projections of prices for Li-ion batteries.  



Going off grid  



Source:  German Trade and Investment  



Going off grid is very expensive  



The spiral of death    

Policy failure     



Distribution network capacity is constrained 

There are ways of 
maximising the 

hosting capacity of 
the distribution 

network 



International activities in ESI    



Energy Union and the SET PLAN  



Geothermal 

Bioenergy 

Wind 
Energy 

Smart 
Cities 

Materials 
for Nuclear 

E3S  
Economic, 

environmental 
and social 
impacts 

Shale Gas 
PV 

Photovoltaic 
Solar Energy 

Fuel Cells 
and 

Hydrogen 

CSP 
Concentrated 
Solar Power 

 

Smart 
Grids 

Ocean 
Energy 

MATERIALS SYSTEMS 

AMPEA 
Advanced 

Materials and 
Processes for 

Energy 
Application 

Energy 
Systems 

Integration 
 

Energy 
efficiency in 

Industrial 
Processes 

 

Carbon 
Capture 

and 
Storage 

Energy 
Storage 

Joint Programmes technology portfolio 
 

TECHNOLOGIES 

http://www.eera-set.eu/eera-joint-programmes-jps/list-of-jps/ 



iiESI.org 



iiESI Course 2014 Denver Colorado  



Group 8 

Energy System Integration: 

New Zealand Case Study, 

2030 & 2050 Futures. 

 
Presented by: 

Jonathan Black 

Nadia Maria Salgado Herrera 

Aditya Kelkar 

(Group 8) 

 

07.25.14 



Background & Overview 

• NZ has LOTS of domestic energy resources! 
– Natural gas 

– Coal 

– Lots of renewables – hydro, geothermal, wind, solar 

• National energy risks 
– Islanded system  no benefits from “neighbors” 

– Reliance on hydro energy - limited  vulnerable systems during drought 

– Earthquakes are common 

• Population & energy outlook 
– Population – 2013:~4.5M, 2030: ~5.5M; 2050: ~6.5M 

– Per capita energy use 2011  
• Electricity: 2011 - 9,300 kWh-capita/yr  will likely decrease due to increased EE 

measures  

• 42.245 GWh annual electric energy 

• Strong renewable policies (90% electric sector by 2020)  
 

 

 



Energy System Integration 
Emphasize Fuel Diversity & Synergies 

• Transportation electrification 

– EVs and CNG based commercial transport to be encouraged. 

– Research work to be done for development of bio-fuels. 

– Increased solar PV network may help in dealing with increasing EV load. 

• District heating/energy implemented in urban areas 

– Inputs: CHP (gas/biomass), geothermal, “excess” wind, waste industrial heat. 

– All this coupled with intelligent control for maximum efficiency. 

• Integration of wind/solar  increased fuel diversity 

– Times of drought = high solar resource 

– Pumped storage for maintaining spinning reserve. 

• Gas system  

– Use of biogas, synthetic methane for storage in depleted gas/petroleum reservoirs.  

– These storage units will serve as a back-up for the system in times of seasonal emergencies 

(ex. Drought conditions restricting operation and output of hydro power plants) 

• Efficient water usage 

– Water treatment plants to be linked with biogas facility as well as CHP plants for a highly 

efficient, symbiotic operation. 

• Thus, the New Zealand energy system will be well integrated in the coming years,  

along with 100% contribution of renewable energy sources for electricity generation. 



Conclusions 

•Energy Systems Integration (ESI) is an increasingly important research 
area 

 

• It is fundamental to successful decarbonisation and in particular  
integration of  large volumes of variable renewable energy  

 

•Planning, operating and POLICY making in integrated energy systems 
require whole system thinking 

 

•Every system is different  

 

•Social sciences research is fundamental to planning and operating an 
integrated energy system 

 

•There are international initiatives that support energy systems 
integration  
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        Go raibh maith agat 

  


