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Energy:

@ Petroleum 26 billion barrels

'. |
@ Natural Gas 55 trillion cubic feet
(O Electricity 19,841 billion kwh | Electricity

@ Coal 2,174 million short tons 19% Petroleum

() Bioenergy 2,330 million short tons Natural
of coal-equivalent =N Gas

—
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Electricity:

Global Electricity Generation (TWh)
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Electricity:

Global Electricity Generation (TWh)
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Producing Cleaner Energy:
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Using Cleaner Energy:
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Envelope of Plausible Scenarios

supply abundant

Hydrocarbon fuel prices low

Hydrocarbon Fuels Dominate

th

Ve economic grow

Sustained low/negat

Global Economic Slowdown

and/or global conflict

ity prices

ICI

Low electr

Negative electricity demand growth

d demand growth

gri

Innovation focused efficient hydrocarbon

extraction and using abundant fuels

way

ty use;

ici

Increased electr

No new environmental policies

lean

inac

Innovation focused on existing assets
international collaboration reduced

ion in

Significant Reduct

il

i
e

L
L g

M\M
i

i
s
=
s
'S

o
-
i
| |

B
[

i

-
e
v

-
=
-

|

4

i
.
e

|
|

ey

P Y
[y
i

L -

.
-
o
R

-
.

-
S
. SN B

-

-
.

-
i

-
e
.
e
o
-
-
.

|
| B
. R
| .
.
b

b

5

-

i

-
.
.
-
B
L
B
.

-
-
-

-

-

e
-

-
o
-

-
o
G

.
.

-

-

-
=

=

=
o

=
|
s

.

T
e

b,

B,

b,

—
b

-

L e

|

P

i
&
g

&
&
L

’
.
.

-

|

.

-

|
L

-
.
. e
e

i
e
-
r
w
..
W

-

-
-
-

-
-
o

.
.
.
L
] e
ey
Wiy
.

.

.
.
.

-
-

-

-
-

-
-

-
-
-
o

-

.
Wi

-

.
-
e

-
-

-
-

S
.
=
.
.
fities

-
.
-

e

.
.
..
A
| ;.
.
.
s
.

-

=
.
-

.
o
o

4y
-
-

.
-

-

-

T
-

-
-
.
-
-

-
-

.

.
-
i

-
=
o

.
-
.

-

-
|
| w—.

-

.
=

-
-
o
&

E
-
e

) .

=\

Environmental Footprint

-
e
e

.
.

o
-

)

g

-
-
-
-
-

~

7,
&

.
-
\

4%
i
el s

-
-

-
Y

-
-
=
@

-

L

-

-
?

-
.
e

-
-

5
i

-
-
=
-
-
1
1
o

-
-

™

.

.
=

Y

@8
.

i

-
g
g
=1

-

o
o
=

1
|

<
2

N

-

-
-
-
o

-
-
s

.
-

-~

-
bt

-

-
-

-
-

-
i

-

-
.

w

-
-

-

-
-

i

-
~

N

5
.
()

-
-y

:
G

e

International actions to significantly reduce

issions

tal em

environmen

ICles

de environmental poli

Ive hew economy-wi

Expans

Electrification of economy with clean electricity
demand

Increases

it
o
#m

-

-

o

.
e
e

o

i
2
.
.
|

|
v

:

=
St
=
.
.
.
.

-

"
:
-
i
-

o
e
e

b

o

.

:
.

fi

3}\\\&\*’%\\

()
\

i

-

b
b

n
i
~.

-
i

b
o

-
o
e
L
e
-
i

i

e
.
.

i

&

=
)
e

i
o
i
L
o

-
i

b
b
o
i
it

.
.
.

b
b
o
e
it

it
.
.

-
o
i
L
.
.

e

i
it

.
.
L

-
.

.
s B
&

-
i

.
y

|
i
-
L
Lo

Faa
.

.
i

i

.
.
-

o

-

e
i

i

i
i

o

O
= O

0
i
-
i
.

-
e
o

N

Ao
L
.
£
>
2

i

b

i
L

i
i

.

L

o
s
b

-
)

.
£
-

e
*
.
it

e

H
i
o

N

o
&
\|
)N
)
i
i

o

o

-
T
.

il

L

o

N

e
o
e
8
LU
i
i
.

-
e
L
(i
bt
i
o

-

2

1

it
i

2l
i
f*

(

ot

i

i

.
Nncre

S
L

o
.
o

.
i

gt
i

-
-

e
e
it
e~

o

.

-
.

e

i

-

it

i

it

i

.
o
.

i

s

s
L
.
.

.

P
.
.

e
.
i
.
G

.
i
.
.
-
.
i
-
-

i
i
-

-

.
-
P
L

i
-
-
.
i

=
-
-

it

&
\

.
-

-
-

.
.
.

-
)
:
y

-
.
-

L

-
o
-

.
b

e
i &
i

i

5

i
L

B

i

il
it
i

-
-

i

.

.

-

| (

i

i

L

e
gty
i
e

.

¢

i
i
| 1
ALl
-
-

i
i

i

i

i

o
v
|
1)
1)

i

iy
e
.
e
be
1
¢
-

-
e
i
.
.
T
it

"
i
N
i

"

i
i
it

it
-
L

L

i

-
.
-

3|
= |

-
o
o
L
lC

.
1,
¢

A

G

fi

0

i
L
g

L
e

-

-
o

o

-

L

-
-
.

-

-
==
-
.

-

.
.
-

i
-
-

-
-

-
L
-

-

e

i
-

-

.

-

i,

i
e

o

i
i

o
-

i
.
e

-

-
i

N\
S

.

o

=
-

L

o

-

.
-
=
-
-
.
-
-
-
=

e

-
*
-

-

-

-

.

g
T
o
]
=
-
-
.
-
-
-

.
w
X

L
i

-

e

e
-
5
]

s

-

-

)
- N
-
- -
-
-
-
-
-
-

-
g
e

N

i
& T
| C

~f;
~f
@i
> UL
=
-
.
.
.
-~

.
ol
O\
wd &
- x
.

-

-

-

-

e
S
O

l +
”
.
i

-

[
1

o

-
-
-
<y
bt
-
-
-
-
 {

-
.

.
.

-
-
i
L

-

.
i

L
o
-
-
-
o

r

[

.

-

.
.
S
Ta
|

-
.
1
s
, 11
-
.
-

~

)
-~

-

-

)

.

.
1
| AF
AT 1
!
AL L
5w
-
.

s
-

-
.

o
r

"
.
-

-

18

.
-
.
/1

*
e
-
-
-

-
-
@

s
- =

-
.
-

.

| L1

.
.
-
-
-
f
!
-
-
-
.

.
.
"
N
.
-
-
s

*

-
-
S
=

.
|

.

.
-
-
-
-
[
|

.
-
-
N
I
H |

-

i
.
-
e
1

1

-
|

-

-
ot

.

-

-
-
-

1
x
!
.

-
-

-

.
.
e

.
e
.
-

-
=

-

ot
s R

h,
o

4
v

-
-
-

.

i
-

.

-
i

-

-

-
.
-

-
.

L

o
D
L
P

i
L
.

s
==

L

i
i

o

i
e
.
e
L
bt

’
ot
——

| w
o

e
G

1
-
—
=
-
-
L

b
- .
3 mewt

.

it

-
=
-

e

-
-
-
i

it

.
.
.
—

/4
e
o
.
-
T
-
.
.
-

i
1
.

o

-
.
.
-
=

e

=
.
=
-
.
-
—

| |
=

'

-
s
o
[ 1
I
-
-
-
.
-

s
i
L1
ghoe o

-

-

N
&
o
i
-
-
-

i

-

,\
” \
:
-
e
-
-
-
-
L

.
-

wl
~

e
i

.
e
*.
i

|

;|

-
-

2
-
-
-

-

 —
o

-
.
-

-

T
N

-
-
-

.
.

.
-

-
.

-ty
o
Nt
S
=
=

-
-
-

-
e

~
:
-
.
-
5
-

Biarias
S

-
-
.

*
.
N
S
1) =

-
o
o
o

-
-

.
L

-
-

-
S

e
-
-

-
-

-
-

.

-
.

.
-
-
-

-
-

-

.

-
-
-
o
-

-
-
-
-

-

-
.

)
pie

E
.
-
-
.

-
.

-~

£ N
.

2
-
.
-
.

!
-
-
-
L
g
!
-
-
-
-
-
-
-
-

()
-~
-
-
-
-
-
-
-

s
—

-

:i
=

.
-

-

-

-
.
-
-
-
-

o
!
-

-

-

-

-
.
.

@&
* 8

.

.
.
.
.

.

. a

-\ -
e

. AN -

-
-
-

-
-

-
.

L
.

.

-

.

¢

-

-
S

-~

=
-
-

.

=

-
=

|
|

il
.
.
A
-
.
.
e

K

-
.

-
.
i

L
-
-
.

o
o
-
-
-
.

I
-

-

ELECTRIC POWER
RESEARCH INSTITUTE

ErrRl|

© 2016 Electric Power Research Institute, Inc. All rights reserved.

10



Integrating Energy Resources:
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Electricity, Gas,
Water,

Telecommunications,
and Customer’s
Local Energy
Networks



Integrated Energy Network:

A pathway to the future providing consumers
with the flexibility to use, produce and
manage energy the way they want - while
ensuring society gets reliable, safe,
affordable, cleaner energy.

Integrating  Flexibility = advances in grid
Energy modernization, energy efficiency and
Resources electrification are needed.

» Societal benefits = economic
improvements and economy-wide
reduction in total environmental footprint.
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“Integrated Energy Network™” — Pathway to the Future
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Technology Innovation:

Energy Efficiency
Storage: Bulk to Micro and Automation 24x7 Quality & Capacity Cleaner Energy Microsensors

Analytics 24/7 Communications

14 ELECTRIC POWER
© 2016 Electric Power Research Institute, Inc. All rights reserved. E' El RESEARCH INSTITUTE



CPE ELECTRIC POWER
L
RESEARCH INSTITUTE

ogether...Shaping the Fture of Electricity




