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Current Power System
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Existing Distribution Grid

ÅHave seen little change

ïMostly radial

ïMostly unidirectional power 
flows

ïPassive in operation. 

ÅTheir primary role is energy 
delivery to end-user

What is New?

Renewable Energy Penetration Deregulation of energy market

http://cialab.ee.washington.edu/
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Customers Demands

ÅCost options

ÅReduced outages

ÅEnergy Options

Plug-in Hybrid Electric Vehicle

New sensors and control technologies Wind Capacity Worldwide
Installed WindpowerCapacity (MW)

Rank Nation 2005 2006 2007

1 Germany 18,415 20,622 22,247

2 United States 9,149 11,603 16,818

3 Spain 10,028 11,615 15,145

4 India 4,430 6,270 8,000

5 China 1,260 2,604 6,050

6 Denmark (& Faeroe Islands) 3,136 3,140 3,129

7 Italy 1,718 2,123 2,726

8 France 757 1,567 2,454

9 United Kingdom 1,332 1,963 2,389

10 Portugal 1,022 1,716 2,150

11 Canada 683 1,459 1,856

12 Netherlands 1,219 1,560 1,747

Installed WindpowerCapacity (MW)

Rank Nation 2005 2006 2007

13 Japan 1,061 1,394 1,538

14 Austria 819 965 982

15 Greece 573 746 871

16 Australia 708 817 824

17 Ireland 496 745 805

18 Sweden 510 572 788

19 Norway 267 314 333

20 New Zealand 169 171 322

21 Egypt 145 230 310

22 Belgium 167 193 287

23 Taiwan 104 188 282

24 Poland 83 153 276

25 Brazil 29 237 247

26 South Korea 98 173 191

27 Turkey 20 51 146

Wind Capacity Worldwide
Installed WindpowerCapacity (MW)

Rank Nation 2005 2006 2007

28 Czech Republic 28 50 116

29 Morocco 64 124 114

30 Finland 82 86 110

31 Ukraine 77 86 89

32 Mexico 3 88 87

33 Costa Rica 71 74 74

34 Bulgaria 6 36 70

35 Iran 23 48 66

36 Hungary 18 61 65

Rest of Europe 129 163

Rest of Americas 109 109

Rest of Asia 38 38

Rest of Africa & Middle East 31 31

Rest of Oceania 12 12

World total (MW) 59,091 74,223 93,849

Wind Capacity Worldwide
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Smart Grid

Concept of Smart Grid

Smart Grid Objectives

ÅAccessible:granting access and capability for 
bidirectional flow to all customers. 

ÅFlexible:ŦǳƭŦƛƭƭƛƴƎ ŎǳǎǘƻƳŜǊǎΩ ƴŜŜŘǎ ǿƘƛƭǎǘ 
responding to the changes and challenges 
ahead

ÅReliable: assuring and improving security and 
quality of supply

ÅEconomic:providing best value through 
innovation and efficient energy management.

What to Expect?

ÅA proportion of the electricity generatedby 
large conventional plants will be displaced by 

ïdistributed generation

ïrenewable energy sources

ïenergy storage

ïdemand response

ïdemand side management

What can be Achieved by the Smart Grid?

ÅReduction in transmission 
congestion

ÅReduced blackoutsand forced 
outages
ïάǇƻǿŜǊ ƻǳǘŀƎŜǎ ŀƴŘ ŦƭǳŎǘǳŀǘƛƻƴǎ 

cost U.S. businesses and consumers 
Ϸол ōƛƭƭƛƻƴ ŜŀŎƘ ȅŜŀǊΦέ 5h9

ÅReduction in restorationtime

ÅSelf diagnosis and self healing

What can be Achieved by the Smart Grid?

ÅPeak demand shaving

ÅIncreased system capacity

ÅIncreased securityand reduced 
vulnerability
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What can be Achieved by the Smart Grid?

ÅReduction is some power 
quality problems due to 
improved power flow

ÅIncrease environmental
benefits

Technology needed to implement the 
Smart Grids

Å Energy Storage
Å Advanced Metering and Sensors
Å Grid friendly Plug-in Hybrids
Å Grid friendly loads
Å Smart houses
Å Substation Automation
Å Distribution Automation
Å Communications
Å Demand Response
Å Web Services and Grid Computing
Å Weather Prediction
Å Advanced Conductors
Å Advanced distributed control
Å Χ Χ Χ

Smart House

22

Aggregators

Appliances, Equipment, 
Processes

Gen, T, & D 
Suppliers

Emergency
Operations

Distribution
Linemen

Customer

Energy Service 
Co.s, Vendors, 
Utility Programs

capacity, avail-
ability, price, 
forecast, contract 

terms , DG 
incentives

power require-
ments, forecasts, 
status, curtailment

audit results, retrofit 
opportunities, designs, 
costs, terms & 
conditions

voltage, 
DG/storage 
status

grid status level, 
power/ end-use 
rations

billing, info access, 
attractive contracts, 
approvals, occupancy, 
performance

Rob Pratt
Pacific Northwest National Laboratory

Rob Pratt 

PNNL Energy Sciences & Technology Directorate 24

Grid FriendlyϰAppliances (GFAs)
Loads and Reserves on a Typical 

U.S. Peak Day

Industrial
28%

Residential 
(GFA*) 18%

Commercial 
29%

Operating 
reserves

13%

GFA* potential 
exceeds US 
operating reserve 
requirements!

Resident. 
(non-GFA)
12%

* GFA for: heat, AC,
WH, refrigerators,
freezers

ÅGrid Friendly Appliances sense grid frequency  excursions 
& control appliances to act as spinning reserve
ÅNo communications required!
ÅUsed only with switchable loads

.
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