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How long can this be sustained? 



Alternatives 



greentech.com 







Problem: matching demand and supply 

Barnhart et al, Proc. Energy and Environment, 6:2804, 2013 



Firming up Intermittent Energy Sources
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How to size with stochastic inputs? 



Grid 

Electrons 

Load   

Transmission line 

Battery/energy store 

Demand response 

Transmission network 

Distribution network 

Stochastic generator 

 

Internet  

= Bits 

= Source 

= Communication link 

= Buffer 

= Congestion control 

= Tier 1 ISP 

= Tier 2/3 ISP 

= Variable bit rate source 

 



1. Equivalence theorem 
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Every trajectory on the LHS has an equivalent on the RHS 
 
•  can use teletraffic theory to study transformer sizing 
 

O. Ardakanian, S. Keshav, and C. Rosenberg. On the Use of Teletraffic Theory in Power Distribution Systems, e-Energy ’12. 



Guidelines for transformer sizing 

HydroOne’s guidelines 

Prediction from teletraffic theory 

O. Ardakanian, S. Keshav, and C. Rosenberg. On the Use of Teletraffic Theory in Power Distribution Systems, e-Energy ’12. 

Can also quantify impact of storage 



2. How to model sources ? 

uncontrolled 
stochastic input 

uncontrolled 
stochastic output 

range 
What barrel size to avoid 
overflow and underflow 
“with high probability”? 



Envelope idea 

lower envelope ≤ Σinput ≤ upper envelope 

lower envelope ≤ Σ output ≤ upper envelope 

Envelopes are computed from  
a dataset of trajectories 



Stochastic envelopes 

P((Σinput - lower envelope) > x) = ae-x 

P((upper envelope –Σinput) > x) = be-x 



Solar stochastic sample path envelopes 
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Stochastic network calculus 

Equivalence 

Wang, Kai, et al. "A stochastic power network calculus for integrating renewable energy sources into the power grid.” 
 Selected Areas in Communications, IEEE Journal on 30.6 (2012): 1037-1048. 

 



3. Storage imperfections 

Limited size 

Charge limit Discharge limit 

Round-trip 
efficiency 

Limited depth 
of discharge 

Self discharge 



Observation 

modified 
size 

modified 
arrival process 

modified 
departure process 

⇒ we can convert results obtained for non-ideal 
batteries to results for RAM-based buffers! 



Analytic results 

 Minimizing storage size to smooth solar/wind sources 

 Optimal participation of a solar or wind farm in day-
ahead energy markets 

 Optimal operation of diesel generators to deal with 
power cuts in developing countries 

 Optimal allocation of capital to solar and storage 

 Modeling of hybrid (SCAP + Li-Ion) storage systems 
 

Joint work with Y. Ghiassi-Farrokhfal, S. Singla, F.  Kazhmiaka, M.-B. Adjaho, and C. Rosenberg 



ISS4E 

To use information systems and science to  
 
  increase the efficiency 
  reduce the carbon footprint  

 
of energy systems 



SSS: Solar, Storage, Sensing 

Sensing

Solar

Storage
-EV Ecosystem Modelling
-Range Anxiety Reduction
-EV Sentiment Analysis
-EV Profitability

Utility Death Spiral

-Solar + storage ROI, EREOI
-Solar EV Charging
-Solar eBike Charging
-Solar integration 

-Distributed EV Charging

WeBike

-Solar anomaly 
detection

-TOU Pricing Analysis
- Private Data Security
-Spotlite
-RPL
-Water usage



Conclusions 

  Renewable energy sources are inherently stochastic 

 Can model using fluid flow models and stochastic network 
calculus 

  Early results are encouraging 



ISS4E@UW 

 We are always interested in collaborations: 
  ISS4E mailing list 

  ISS4E seminar series starting October 2013 

http://iss4e.ca 



Solar + Storage: Solar EV Charging 	  
-  Base case (no solar): try meeting all charging deadlines 
      - If infeasible; perform fair allocation 
 
-  Integrate solar to reduce emissions while ensuring same (or greater) utility 



Three inflection points 

 Solar 

 Storage 

 Sensing (and control) 



Storage research, investment growth 
Global investment to reach $122 Billion by 2021 – Pike Research 
 

LiON Declining. $600 down to <$200 

Largest change: EVs Some grid storage 



4. Electric vehicles 

  Spur research on lower-cost storage 

  Huge consumers of electricity 

Nissan Leaf chassis 



5. Pervasive sensing 

Michigan Micro Mote 



  Sensing & Control 

Michigan Micro Mote 

Home 
Grid 

Pervasive 



ISS4E 



Solar + Storage:  
ROI, EROEI of Solar Systems w/ Storage 

-Advanced modeling of stochastic inputs, comprehensive battery model 



hence slow progress: 

-Demand response: only time of use pricing 

-Grid storage: tiny  

-Smart buildings and homes: demo stage 

-Microgrids: rare 

-Electric vehicles: early mainstream 

-Security and privacy: mostly missing 
 



Reflections on the research area 



Energy research 

Pros 
  Rapidly growing research 

area 

  Many open problems 

  Industry interest and support 

  Motivated students 

  Potential for impact 

Cons 
  Requires learning new 

concepts and ideas 

  Entrenched interests 

  Difficult to obtain data 

  Field trials nearly impossible 



Today’s Electrical Grid 



 Genera'on	  
 Transmission	  

 Distribu'on	  
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3 components 



Current grid 

  Decentralized 

  Storage rich 

  Renewables/low carbon 

  Sensing rich 

  Control rich 

  Flexible 

  Energy frugal 

Centralized 

Little to no storage 

High carbon 

Poorly measured 

Poorly controlled 

Ossified 

Inefficient 

“Smart” grid 



Howstuffworks.com 



Grid characteristics 



	  
	  

40	  

1. Overprovisioned by design 

capacity 



2. Inefficient 

5% better efficiency of US grid  

= zero emission from 53 million cars 

http://www.oe.energy.gov/ 



4. Uneven 

                TWh generated 

 China       4,938 

 US             4,256 

Daily W/capita (2012 est.) 

   395 

 1402 

Wikipedia 



…is old  

Post-war infrastructure is 
reachig EOL 



…inefficient 

US DOE: http://www.southeastchptap.org/cleanenergy/chp/ 



…poorly measured 



…without storage (mostly)  

Needed capacity 

http://ieso-public.sharepoint.com/ 



…but Consumers & Utilities lack incentives 

Savings of 10%: $5-10/month 
 

Utilities make $$ regardless 
 


