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ABSTRACT

INSTALLATION AND CONSTRUCTION MANAGEMENT ASPECTS
OF SMART GRIDS: AN EMERGING BUSINESS OPPORTUNITY FOR
ELECTRICAL CONTRACTORS

By
Ransford Kweku Ofei-Amoh

Over the past few years, there has been the realization that the current electrical
grid needs to undergo major upgrades. The government, utility companies and several
stakeholders have proposed modernizing the electrical grid to make it efficient to meet
predicted power demands. This modernized grid is generally termed the “smart grid”.

It is evident that the growth of smart grid will require substantial development and
installation efforts. These efforts will present opportunities to the construction industry,
especially electrical contractors.

In order for electrical contractors to take advantage of these opportunities, they
need to be conversant with technologies associated with smart grid and their installation
and construction management related aspects.

This research explored smart grid smart grid technologies both in research and
existing, and developed the installation work scopes and associated construction
management aspects of these technologies through a work matrix. The work scope and

opportunities for electrical constructors were developed from the work matrix.
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CHAPTER 1
INTRODUCTION
1.1. OVERVIEW

The electrical grid in the United States has been in existence since the early 1900s
when power was first generated in Niagara Falls and transported to Buffalo, NY, about
20 miles away from the power source. Today, the US power grid, the largest of its kind in
the world, is mostly owned by private and state entities across different states. This
complex grid is made up of over 12,000 power plants, about 150,000 miles of high
voltage transmission lines, millions of miles of distribution lines, more than 12,000
substations, and over 100 million customers (IEEE 2009).

Over the past few years, there has been the realization that the current electrical
grid needs to undergo major upgrades. It is considered outdated for modern electricity
delivery, wastes a lot of generated power, pollutes the environment and is liable to attacks
from hackers, and can even serve as a way for terrorists to disrupt economic and military
installations (DOE 2009a, DOE 2009c, EAC 2008, and WEF 2009).

With the recent initiatives in the United States to reduce the nation’s over reliance
on fossil fuels, there has been an increase in renewable energy installation over the past
several years. This change is spearheaded mainly by solar and wind installations in the
southeastern sun belt and in the wind corridors of the Midwest. The Energy Information
Administration (EIA) Energy Outlook predicts renewable energy generation sources to
represent 12.3% of total electricity generated by 2035 from the current level of 4%, an

upward forecast from 11% predicted in the EIA 2008 Energy Outlook (EIA 2010). Power



generated from renewable sources is intermittent in nature. The maximum power output
for solar and wind is produced when there may be little demand for power (DOE 2009a).
The International Energy Agency (IEA 2008) predicts the doubling of energy demand
globally by 2030 as population increases worldwide and developing nations like China
and India keep developing and demanding more energy for their economic growth.

In the United States and more advanced economies, the adoption of more
powerful consumer electronic equipment will increase the energy demand on the
electrical grid. For example, if every home in the United States adopted the use of a
digital photo frame five 250MW power plants will have to be built to accommodate the
demand on the grid (EPRI 2009). The EIA forecast a 30% demand in electricity by the
year 2030 compared to current demand rates ((EIA2010). This increase in demand on the
grid is making the grid more liable to power outages and load variations.

The government, utility companies and several stakeholders have proposed
modernizing the electrical grid to make it efficient to meet predicted power demands.
This modernized grid is generally termed as the “smart grid”.

A smart grid can be described as the integration of the electrical grid and the
information technology/communication system so as to be able to monitor and manage
the generation, storage, transmission, distribution and consumption of electricity (Austin
Energy 2004). In the United States, efforts are directed towards the smart grid under two
main categories:

e Upgrading of the existing transmission and distribution grid

e (reating new “smart” transmission grid for renewable energy sources



Upgrading the Existing Transmission and Distribution Grid
Due to the enormity of the U.S. grid, the adaptation of existing grids to smart

grids is being done incrementally by upgrading the existing grid to be able to generate,
transport, and distribute power to consumers efficiently. The main focus of this upgrading
is adding “smart” features or technologies to the existing electric grid components. The
scope of this upgrade can be grouped into three main categories (DOE 2009a, EAC
2008).
e Upgrading the existing transmission grid to improve efficiency and to enhance

communication with the power plants and the distribution system,
e Upgrading the existing distribution grid to efficiently connect with the transmission

grid and with the consumers, and
e Upgrading information systems (e.g. automated metering devices) to enhance

communication between consumers and the utilities.
New “Smart” Transmission Grid for Renewable Energy Sources

With the United States pushing to decrease its over-reliance on fossil fuels and

reduce the emission of greenhouse gases, renewable energy generation sources led by
wind and solar technologies, are being adopted on commercial scales. These sources are
prevalent in locations where the national transmission grid does not efficiently reach
because existing grid was developed for power plants that were built near the natural
resources (e.g., coal mines) used in the generation of electricity (Randolph & Masters
2008). Moreover, the existing transmission grid is not well suited for the renewable
energy sources due to the intermittent generation patterns of wind and solar power

generation.



1.2. RESEARCH NEED

The proceeding section focuses on the overview and growth of smart grid over the
past few years. It is evident that the growth of smart grid will require substantial
development and installation effort. These efforts will present opportunities to the
construction industry, especially the electrical contractors (both line and building). With
the rapid deployment of smart grids, it is imperative for electrical contractors to keep
abreast of these technologies to be able to take advantage of the opportunities that the
smart grid movement will bring to their businesses.

The following section will discuss the need for the proposed research with focus
on the potential opportunities due to initiatives undertaken by all major stakeholders in
the smart grid movement, the current and up-coming smart grid technologies, and

installation and construction management aspects related to these various technologies.

1.2.1. Initiatives

Over the past several years, there have been numerous calls and initiatives to
upgrade the electrical power systems to suit our current energy transportation and
security needs. As discussed before, achieving a smart grid will include two main phases
of work scope: Upgrades to the existing grid and development of new grids.

Obtaining funding for energy generation and distribution installations has been a
major impediment to transmission expansion (Roseman & De Martini 2003). Utility
companies have traditionally raised money from equity investors, internal cash flow and
bond holders. However, after the Three Mile Island nuclear accident in 1979 and the

California energy crisis in 2002 and 2003, and with its resultant bankruptcy of Enron and



Pacific Gas & Electric Company, private investment into utility related bonds have been
drastically reduced. This reduction has made it difficult for significant private
investments in the expansion and upgrading of the power system to meet the current
power generation needs (Abel 2008, Business Week 2003). Only in recent years, the
power sector has begun to experience an upward trend in bond rating (Abel 2008).

The federal government and some state governments, in an attempt to increase
confidence in the energy industry and encourage investment have undertaken various
initiatives (regulatory and monetary investments) towards upgrading the power grid.
These initiatives include The American Reinvestment and Recovery Act (ARRA) 2009
where 3.4 billion dollars was voted for upgrading the power grid with matching funds
from utility companies and industries. This represented the largest single energy
investment in US history, funding a broad range of technologies to spur an increase in
efficiency and foster growth of renewable energy sources and distribution (DOE 2009b).

In October 2009, the largest single electric grid modernization investment in U.S.
history was announced by the Department of Energy (DOE) with $3.4 billion from The
American Reinvestment and Recovery Act (ARRA). This was matched by $4.7 billion in
private investments to fund 100 major smart grid projects (DOE 2009b). Examples of
these projects include upgrading the distribution grids and information systems of major
utility companies such as American Electric and Power (AEP), and Detroit Edison
Energy (DTE Energy). The DOE also announced funding for 32 demonstration projects
in November 2009 which focused on new technologies related to upgrading the electrical

grid. These projects were slated to receive $620 million and matched with $1 billion



private sector funding. Examples of these projects include energy-storage technologies,
smart metering and distribution, and transmission monitoring equipment (DOE 2009b).

In the State of California, the State Legislature authorized the California Public
Utilities Commission to set aside $50 million to help build a sustainable and self-
supporting industry for customer-sited solar in California. The focus was concentrated on
the following to achieve the above stated goal (CPUC 2010):

¢ Reducing technology costs and increasing system performance.
e Focusing on issues that directly benefit California.
¢ Filling knowledge gaps to enable wide-scale deployment of distributed solar.
e Supporting the integration of distributed power into the grid
With the current push to reduce the nation’s reliance on fossil fuels, there has been
a steady increase in the installation of renewable sources of power generation led by wind
and solar technologies, with commercial wind and solar farms being installed in various
locations around the country to serve the general population (AWEA 2009). The
renewable energy generation forecast has been adjusted to 12.3% of the total US
electricity generation output by 2035 instead of the 2008 forecast of 11% from level of
4% (IEA2008, EIA 2010, Matternetwork 2010). This upward adjustment is the result of
the various renewable energy standards and initiatives continually being adopted in
various states across the country (Matternetwork 2010).
Since many of these renewable energy sources are prevalent in locations where the
national transmission grid does not efficiently reach and also the existing transmission
grid is not well suited for the renewable energy generation and distribution due to the

intermittent generation patterns of wind and solar. There is an increasing need to develop



new transmission grids that can transport the electric energy produced by these renewable

sources to high population centers efficiently.

1.2.2. Smart Grid Technologies

For the aims of grid reliability, two-way communication, efficiency etc. to be
realized, a wide array of technologies will be developed and installed on the grid. Some
of these technologies will be upgrades to current technologies but most will be newly
developed technologies, which will be the new components on the traditional grid and
change the way power is generated, transmitted and distributed to consumers.

For example, currently, generated power is consumed by households or industries
in real time. Which means generation sources will have to produce more power to meet
household needs in peaks periods of demand. However, when energy storage devices are
introduced on the grid, generated power can be stored during period of low demand and

used during times of peak demand.

1.2.3. Installations and Construction Management

The above discussion noted a sample of the initiatives undertaken by major
stakeholders to increase the smart grid upgrade and new installations. These initiatives
can lead to numerous opportunities for the development and construction industry,
especially for electrical contractors. However, in order to take advantage of these
opportunities, electrical contractors need to be conversant with these technologies and
their installation and construction management aspects. The installation issues of the

various technologies will cover, among others, changes to existing power system design,



location and zoning issues, product procurement, installation issues, design and
construction of support components, and time and cost issues. All the above-noted
aspects have many embedded details that are different from the installation aspects of
existing technologies. Therefore, with the introduction of smart grid technologies, there is

a need to understand their installation aspects.

1.2.4. Summary

The discussions in the previous sections noted sample initiatives undertaken by
various stakeholders, advancements in grid technologies and their installation aspects.
These discussions point to a substantial increase in development and installation
opportunities for the construction industry, with a major focus on the electrical
contracting (both line and building) industry. For one to be able to understand the
installation of smart grid technologies the technologies will need to be identified and
changes from existing technologies will need to be highlighted. Once the various
technologies are described, then the installation work scopes and associated construction

management aspects of these technologies will need to be developed.

1.3. RESEARCH GOAL AND OBJECTIVES

The overall goal of this research is to understand the installation and construction
management aspects of smart grids, with focus on the electrical construction industry,
both line and building.

In order to achieve the above stated goal, the following project objectives will be

attained:



1. Investigate major smart grid initiatives by major stakeholders
2. Identify and describe the various existing and emerging “smart” technologies for:
« Existing grid upgrades
* New grid development
3. Determine and analyze the installation and construction management aspects of
the smart technologies described in objective #2 and develop a checklist of

potential opportunities for the e