
Proprietary and Confidential

Smart Grid : Focus required to hit
CO2 targets!               



Why a Smart Grid is Needed?
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Technology Progression
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“. . . a power system that can incorporate millions  of sensors all connected through an 
advanced communication and data acquisition system. This system will provi de real-time 
analysis by a distributed computing system that will enable predictive rather than reactive 

responses to blink-of-the-eye disruptions.” (EPRI, e mphasis added)

Smart Grid Vision
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Utility Models
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Smart Grid Benefits 

Up to 5% 
reduction in 

electric 
demand with 
no impact on 

customer
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Estimated 87% 
reduction in 

cost of outages 

$0.50 for every 
$1 spent on 
electricity

(EPRI)

1Without a radically 
expanded and 

smarter electric grid, 
wind and solar will 

remain niche power 
sources”

(MIT, similarly  European 
SG Platform, Ontario 
Smart Grid Forum)

Enables better 
utility and end 
user energy 

usage
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Managing Centralized Renewables – A Challenge 

• Wind not a firm resource

– capacity credit in the US ranges from approximately 
5% to 40% of wind rated capacity

– Large portion of that blows at night when baseline 
coal and nuclear need to run due to ramp times

– No single Silver Bullet to easily integrate
• New transmission and better forecasting can reduce some variability

• Today, variation largely addressed by ramping gener ation

– Estimated for every 100MW of wind in U.S, 85 MW of some other kind of 
generation needs to be built, maintained and available for immediate 
operation , 90% is estimate in UK. (Joint Coordinated System Plan, UK 
Government)

– Denmark 20% wind penetration, primarily by exporting to Sweden and 
Norway, who have large hydro storage capabilities

• Commercial demand response worked well in Texas

– However, most demand response programs operate for limited 
number of hours a year (typically 60 to 80)

• SG Dynamic Optimization of Voltage on Distribution grid 

– Could handle first 15% of volatility if renewables were at 20%
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Managing Distributed Renewables – Challenging Too 

• Xcel in Boulder - 2 MW of distributed solar (1%) nearly 500 customers
– Hidden Peak (solar drops off as system hits peak in late afternoon)
– Back feeding (safety issue)
– Planning and Operating rules may not work

• Higher voltage at end of feeders with large solar penetration
• Potential for overload at certain transformers/feeders

• FERC and IEEE - distributed power sources should be less than 15% of a 
substation's load – but no one really knows
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Can’t ignore the Dirt Road!
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Customer PremiseCustomer Premise
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Transformer StationTransformer Station
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Thermostat

Energy Portal

PHEV

Solar

Wind
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Middle Mile: install sensing, communications and software
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Middle Mile: the equipment exists now


�""!'�
(%��'�
�""!'�
(%��'�

Communications &  Communications &  
Connectivity EngineConnectivity Engine

Network & ElementNetwork & Element
ManagementManagement
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Meter Polling &Meter Polling &
Collection PlatformCollection Platform
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Station Data Station Data 
ConcentratorConcentrator
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LV Sensing EngineLV Sensing Engine

Current SensorsCurrent Sensors

Grid Analytics & Grid Analytics & 
Data ManagementData Management

MV Sensing EngineMV Sensing Engine

88

����������	
���

�����������




4���	�����
2���!���

�	���	
�#5������
2���!���

,�������

Middle Mile: what are the benefits?
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Middle Mile: is there a business case? 

����
	���� 3�����2���!��������	������
3�������9&�&�����:��
�����9;���	��'�������

.	
��

���	<��4������
�
=��
��

"�	
�>?��	���	�����
��"��� ���	(�@./��	�������'��������	��

���


)�	���3��
�
���	
�'.�<�
=>;>&?

,�

�	�

�
�
��

)��
���

���
,��

���
��

4�
���

�

8�

����������	
���

�����������




We MUST focus political and financial capital

• …to achieve the right trajectory to meet 2020 and 2030 CO2 targets

• “while the smart meter may have become the ‘poster child’ for the smart 
grid, advanced sensors, synchro-phasors, and distribution automation 
systems are examples of equipment that are likely to be even more 
important in harnessing the value of smart grid.” U.S. National Association 
of Regulatory Utility Commissioners (NARUC) 

• “but less well-known is the fact that the potential for efficiency improvements
within the electric power industry from distribution to transmission and 
generation itself is large.” U.S. Federal Energy Regulatory Commission 
Chairman Wellinghoff

• 85% of the carbon reduction benefits of a Smart Grid come from System 
Optimization and Integration of Renewables and only 15% will come from 
End-User Energy Management.  (i.e. the benefit of smart meters). UK 
based Climate Group

• Caution: too much emphasis on meters or Super Grid could divert 
“capital” away from upgrading the existing distribution grid to reduce power 

use and support greater penetration of renewables
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Xcel Energy SmartGridCity™ – Boulder, CO, USA 

� Since CURRENT’s Smart Grid Solution was 
implemented in Boulder over a year ago, voltage 

problems have been reduced by over 90% and there 
have been no customer voltage complaints this year.”
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Real-time communications infrastructure and continuous monitoring for
4,200 transformers, numerous other grid devices and 45,000 customers

Three substations automated

15,800 meters installed

20+ applications developed and integrated, 95 interfaces to new and 
existing systems over new bus architecture

Multiple new security technologies implemented

Real-time monitoring for:

�" Overall improved customer experience

�" Improved operational efficiency

�" Avoided outages and reduced outage duration 

Implementing System Optimization capabilities

Consumer in-home devices and portal in testing

New pilot pricing tariffs under development

SmartGridCity Status – since April 2008
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Transformer Monitoring – Improving Reliability
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Potential Transformer 
Failures are predicted 

ahead of time, reducing 
failures and outages=
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Voltage Monitoring: Low Voltage
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In past, Service 
Investigations (SI) for 
voltage were first analyzed 
by an Area Engineer to 
validate the issue and 
determine a solution. 

Then, a crew was sent out 
to implement a solution 
and/or to take real time 
measurements. 

Now with real-time data at 
the computer, there’s often 
no need to send out a 
crew.
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Utilities act rationally in a regulated environment 
�" lack of incentives to reduce usage 
�" earn rate of return on invested capital
�" not rewarded for implementing new technologies

Historically, regulators and consumer advocates focus on the immediate rate 
impact without taking into account gains from efficiency, conservation, renewables 
or a world where carbon has a cost 

Currently, environmental & reliability benefits go to society, not the utility
•

No sustained, prioritized and coordinated program of global, national and local 
government action

Weakened capital markets

“The real risk in a true coal-to-cool-air, wind-to-light implementation of the smart grid is 
that these technologies that transform conservation and efficiency efforts can lead 
to degradation of the regulated return and uncompensated demand destruction.”

( Xcel Energy Smart Grid, A White Paper)
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Europe - “Without effective deployment of the SmartGrids concepts, European security of 
electricity supply in general, and the operational security of the European electricity grids in 
particular, may not be maintained. This is crucial not just for the large scale development of  
renewables, but also because of the steady demand g rowth and more onerous 
environmental requirements which conventional grids  and methodologies will increasingly 
find difficult to meet ” (European Commission Smart Grids Technology Platform, “SmartGrids, 
Strategic Deployment Document for Europe’s Electricity Networks of the Future (Draft)”, September 
2008)

U.S - The U.S. has made Smart Grid a National Policy and provided $4.5 billion dollars to roll out 
Smart Grid solutions

�" “That means updating the way we get our electricity by starting to build a new smart grid 
that will save us money, protect our power sources from blackout or attack, and 
deliver clean, alternative forms of energy to every corner of our nation.” (President-elect 
Obama, 8 Jan 09)

Canada - “Provincial initiatives on conservation, renewable generation and smart meters begin the 
move towards a new electricity system, but their full promise will not be realized without the 
advanced technologies that make the smart grid poss ible . The challenges that Ontario faces in 
simultaneously incorporating distribut-ed generation, addressing growth, and replacing aging 
infrastructure while maintaining reliability and qual-ity of service are daunting. While new grid 
infrastructure will be necessary to connect generation resources, replace aging assets and address 
growth, simply adding wires and equipment without intellige nce is not a viable option .”
(Ontario Smart Grid Forum, February 2009)
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• Distribution Grid is Critical to Carbon!

– “dirt road” has to be addressed

– don’t spend all the available money on meters or Super Grid

– much can be done quickly in the distribution grid to reduce CO2

– equipment ready and being deployed  - must have open standards

• Strong Business Case

– operational efficiencies give a significant NPV

• Penetration of Renewable and Distributed Power Restricted

– unless distribution grid is upgraded now 

• Focus Money and Political Will 

– on grid technology with short term impact 

– to get us on the right trajectory to meet 2020 and 2030 CO2 targets
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About Current
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