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A L A S K A  STATE LEGISLATURE

Sen. Click Bishop 
Sen. Peter Micciche 
Sen. Hollis French

Sen. Cathy Giessel, Chair
Sen. Fred Dyson, Vice Chair 
Sen. Lesil McGuire 
Sen. Anna Fairclough

State Capitol, Room 427 
Juneau AK 99801-1182 

907-465-4843 
Fax: 907-465-3871 

800-465-4843

Senate Resources Committee
B u tr o v ic h  R o o m  2 0 5

F r i d a y ,  A p r i l  0 4 , 2 0 1 4
3:30 p.m. -  5:30 p.m.

A G E N D A

I n f o r m a t i o n a l  H e a r i n g :  “ A l a s k a  C o a l  a n d  C l e a n  C o a l  T e c h n o l o g y ”

> Alaska Coal: Abundance and Composition
- Dan Graham, President, Alaska Coal Association

- Lorali Simon, Secretary and Treasurer, Alaska Coal Association

> Coal Power Generation and Coal Conversion Technology
- Brent Sheets, Deputy Director, Alaska Center for Energy and Power

> The Healy II Power Plant and Obstacles of Technology Usage (via Teleconference)
- Cory Borgerson, CEO/President, Golden Valley Electric Association

- Mike Wright, Vice President Transmission and Distribution, Golden Valley Electric 
Assoc.

> Cutting Edge Clean Coal Technology and Future Possibilities in Alaska
- Buddy Paul, Chief Science Officer, Vivify Inc.

- Jason Herring, Chief Executive Officer, Vivify Inc.

- Bruce Fomhoff, Chief Operating Officer/Chief Technology Officer, Vivify Inc.

- Justin Potts, Vice President, Vivify Inc.
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Potential Opportunities -  Alaska's Coal Industry
Senate Resources Information Hearing

April 4, 2014
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Usibelli Coal Mine's Healy Operations 
-  Alaska's only active coal mine
UCM's Wishbone Hill Mine -  in pre­
development
PacRim Coal's Chuitna Coal Project -  in 
advanced permitting phase 
Riversdale Alaska's Chickaloon Coal 
Prospect -  Exploration Project 
Black Range Mineral's Jonesville Coal 
Project -  Exploration and Re-Mining 
Prospect
State of Alaska Canyon Creek-  
proposed lease offering
Alaska Railroad and Aurora Energy 
Services Seward Coal Terminal

SB
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Why Coal Now?
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■  Coal 
Natural gas

■  Petroleum
■  Nuclear
■  Hydropower
■  Renewables
■  Other sources



In-State Coal Use
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A la s k a  R a ilb e lt E le c tric  G e n e r a t io n  M i x

*Data Sources: Railbelt Energy Study, January 2004, RW Beck; Personal Communications, utilities



Coal is a critical source o f Interior A laska
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energy.
I n t e r i o r  E n e r g y  C a p a c i t y ,  b y  S o u r c e

Wind
2%

Hydro
4%

Natural Gas 
11%

Naphtha
13%
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Coal is the Interior’s lowest-cost source of energy

GVEA Average Cost per kWh, by Source in 2012
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Markets for Alaska Coal
Figure 71. W orld coal consumption by leading consuming  
countries, 2010-2040
quadrillion Btu
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www.wo odmac. com

M a j o r  s u p p l i e r s  -  g r e a t  e x p a n s i o n  r e q u ir e d
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Strategy with substance
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y *  ^ Benefits of the Coal Industry 
to Alaska

• Statewide, 692 jobs (direct and indirect) and 
$52 million in payroll

• Absence of coal in interior Alaska would raise 
energy costs $200 million annually

• Coal is Interior Alaska's lowest-cost source of 
energy
— Half the cost of natural gas, one-third the cost of 

naphtha
*Figures based on McDowell Group 2013 study
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'■ Meeting the Challenges

U.S. Coal Use Dramatically 
Increases, Key Emissions Decline 89%

200%
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100%.
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-50%

Coall used for electricity generation 

GDP per capita 

EmissionsykWh from coal plants

-89%

Emissions Reduced due to:
Changes in Fuel Source 
Scrubbing Technology 
Bag Houses 
Burning Technology 
(i.e. Fluidized Beds)

-100%
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Source: U.S. Energy InformationAdministrationfEIAJ 2014.Annual Energy Outlook,2013;
BA Annual Energy Review, 2012; U-S. Department of Agriculture, 2013; U.S. National Energy 
Tedhrwkigy Laboratory, 2012; U.S. Environmental Protection Agency, "Clean Air Markets." 2013.



Alaska's Clean Coal

• Ultra-low in sulfur -  0.1 %, compared to 
PRB coals at 0.5% and bituminous grade 
coals with up to 6.0% sulfur

• Low mercury -  Alaskan coals contain up to 
2/3’s less mercury per pound than most 
other coals in the Pacific Rim thermal coal 
market

Alaska’s clean coal helps our international 
neighbors reduce their emissions.
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Thank You

Dan Graham dan@pacrimcoal.com 
Lorali Simon lorali@usibeili.com

mailto:dan@pacrimcoal.com
mailto:lorali@usibeili.com
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Alaska Center for Energy and Power

ACEP Mission: Develop and disseminate practical, cost-effective, and
innovative solutions for Alaska and beyond

Primer on Coal Conversion Technology
April 4, 2014 
Brent J Sheets 

Alaska Center for Energy and Power
U N I V E R S I T Y  OF

A L A S K A
F A I R B A N K S
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P r e s e n t a t io n  A g e n d a

© About ACEP
© Power Generation Technology 

and Alaska
© Gasification Technology
© Coal Seam Natural Gas

m  ACEPSsgsjjifP Alaska Center for Energy and Power ________



South-Central Alaska Natural Gas Study

Charles P. Thomas 
Tom C. Doughty 
David 0. Faulder 

David M. Hitt

National Energy Technology Laboratory
U S Department of Energy 

M S S T I  Strategic C««b  fot Natural Gas *  Oil
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Assessment

National Energy Technology Laboratory
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Alaska North Slope O il and Gas 
A  Promising Future o r an Area in Decline?

DOONETUM7t12*0

Summary Report
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Alaska North Slope O il and Gas 
A Promising Fu ture o r an Area in Decline?

DOENETU007M279

l ull Report 
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Conceptual Engineering/ 
Socioeconomic Impact Study 

Alaska Spur Pipeline
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Department of Energy. National Energy Technology Laborstoty
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Beluga Coal G asifica tion Feasib ility  
Study
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Filial Report

Alaska Coal Gasification Feasibility Stutlies- 
Healy C'oal-to-Liquids Plant Nome Region Energy Assessment

DOE/NE T L -2007/1284

First Draft Report
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-

S e le c te d  r e p o r ts  d u r in g  m y  te n u r e  w ith  th e  U .S . D e p a r tm e n t  o f  E n e rg y , N a t io n a l  E n e r g y  
T e c h n o lo g y  L a b o r a to r y ’s  A r c t ic  E n e r g y  O f f ic e ,  F a ir b a n k s , A K

m  ACEPAlaska Center for Energy and Power
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Alaska Center for Energy and Power

ACEP Mission: Develop and disseminate practical, 
cost-effective, and innovative solutions for Alaska 
and beyond 

Who we are:
^ Organized 6 years ago under the Institute of Northern 

Engineering as 'Gateway' to Energy Research for UA
#  Based at UAF with a satellite office in Anchorage
^  20 dedicated staff (mostly engineers)
^  35 affiliated faculty and 50 students

4



Role of ACEP and the University of Alaska
© Developing information for decision makers

o Technology testing and optimization (industry)
o Energy analysis (policy makers, communities)
o Data management

® Preparing students to work in energy-related disciplines 
^  Commercializing energy innovation



Alaska Center for Energy and Power

A C E P  i s  a  r e v e n u e  c e n t e r  ( n o t  a  c o s t  c e n t e r )

© ACEP has received a total of $3.1M through UA operating 
budget (over 6 years)

© ACEP has received a total of $26M in grants and contracts during 
this period

© Where has this funding gone?
• ~40% to fund 100+ small Alaska-based businesses to 

support research enterprise
• ~40% to fund researchers throughout UA system (not 

just within ACEP)
• ~20% to fund base University operating costs ($6M)

8̂*! ACEP 6| Alaska Center for Energy and Power '
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T e c h n o lo g y  P e r s p e c t iv e s

• Pulverized Coal (PC) Boilers
o Commercialized in 1920s-1930s 
o 5000 units world-wide; >1100 in US 
o Unit sizes up to ~1400 MW

• Fluidized Bed Combustion (FBC) Boilers
o Commercialized in 1970s-1980s 
o 500 units world-wide; 150 in US 
o Unit sizes up to ~300 MW 
o Costs ~5-10% higher than PC units

• Integrated Gasification Combined-Cycle (IGCC) Power Plants
o Commercialized in 1980s-1990s 
o 7 coal-based units world-wide; 2 in US 
o Unit sizes several hundred MW up to Gigawatts 
o Costs ~ 10-20% higher than PC units

m  ACEPAlaska Center for Energy and Power



Comparison of Coal-Based Power 
Generation Platform Technologies

grate firing fluidized bed firing pulverized fuel firing

E1

..-A--:-

v'V* 
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fixed bed bubbling bed circulating bed pneumatic transport

0 1  ACEPMaska Center for Energy and Power



C o n v e n t io n a l  C o a l P la n t
( I l l u s t r a t i o n  o n l y )

15 MW
S ta c k 40 % Efficiency

100 MW

C o a l S u p p ly

R iv e r  o r  R e s e r v o ir

C o n v e y o r  B e lt

S w itc h y a r d

40 MWe
, .j \

C o n d e n s e r

C o o lin g  W a te r

j f i  A C E PAlaska Center fof Energy and Powar > ' l 'T >1



F l u i d i z e d  B e d  C o m b u s t i o n

IM >iit Vstyw r.oi

T y p i c a l  F l u i d  i z e d  B e d  C o r a  b u s t  o r

mm,

ACEP
Alaska Center for Energy and Power



FBC Power Plant-Schematic
Feed Water 

H.P. Steam

To By-Product Storage

Steam Turbine

S C H E M A T I C  D I A G R A M  O F  F B C  C O G E N E R A T I N G  P L A N T

O ACEP
I Alaska Center for Energy and Power



M a jo r  p la n t  u p g ra d e  f o r  U A F
A  d i v e r s i f i e d  e n e r g y  p o r t f o l i o

• N e w  c i r c u la t in g  f lu id iz e d  b e d  ( C F B )  b o ile r s

• F l e x i b l e  s o l i d  f u e l ,  p r o v e n  t e c h n o l o g y

• C o a l  w i t h  u p  t o  1 5  p e r c e n t  b i o m a s s

• C a p a b l e  o f  g e n e r a t i n g  1 7  M W  o f  p o w e r

•  O i l/ n a t u r a l  g a s  b a c k u p  b o ile r s

• P u r c h a s e  r e n e w a b le  e n e r g y ,  w h e n  a v a i la b le

• E n e r g y  c o n s e r v a t io n  o n  c a m p u s

• S m a ll  r e n e w a b le  p r o je c t s  o n  c a m p u s

F l e x i b l e ,  s u s t a i n a b l e ,f i s c a l l y  r e s p o n s i b l e

©! ACEP __________
j Alaska Cemer for Energy and Power } ’A '“T ~~' -7



E n e r g y  i s  t h e  F o u n d a t i o n
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« ACEP
J Alaska Center for Energy and Power
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O u r  f o u n d a t i o n  l o o k s  l i k e  t h i s
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W h a t  i f  t h e  C o a l  B o i l e r s  f a i l ?

T h a t  c o u ld  m e a n  f i r in g  
u p  t h e  b a c k u p  o i l/ g a s  

b o ile r s .

• A n  a d e q u a t e  s u p p l y  o f  g a s  i s  

n o t  a v a i l a b l e .

• U s i n g  o n l y  d i e s e l  w o u l d  m o r e  

t h a n  t r i p l e  f u e l  c o s t s .

• T h e  u n i v e r s i t y ’ s  e x i s t i n g  

o p e r a t i n g  b u d g e t  c a n n o t  

a b s o r b  t h a t .

1*5 ACEP
Alaska Center for Energy and Power
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W h a t  i f  t h e  e n t i r e  p l a n t  f a i l s ?

• B i l l io n s  o f  d o l la r s  in  p u b lic  in f r a s t r u c t u r e  a t  r is k  o f  

f r e e z in g .  M o re  t h a n  $1 b i l l io n  t o  r e p a ir .

• S t u d e n t s  n e e d  

a lt e r n a t e  h o u s in g .

• R e s e a r c h  s t o p s .
E d u c a t io n  s t o p s .

S e r v ic e  s t o p s .

• E n r o l lm e n t  a n d  
f u n d in g  im p a c t e d  

f o r  y e a r s  in  t h e  
f u t u r e .

$ ACEP
Alaska Center for Energy and Power 1



W h y  d o n ' t  y o u

B u y  p o w e r  f r o m  G V E A
• W e  n e e d  h e a t  a n d  

e l e c t r i c i t y .

• N o t  c o s t  e f f e c t i v e  t o  

h e a t  w i t h  e l e c t r i c i t y

B u ild  a  n a t u r a l  g a s  p la n t
• A  r e l i a b l e  s u p p l y  o f  

g a s  i s  n o t  a v a i l a b l e

• L o w e r  c a p i t a l  c o s t

• D o u b l e  t o  m o r e  t h a n  

t r i p l e  t h e  f u e l  c o s t

'°o ACEP
Alaska Center for Energy and Power
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$ 2 0
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$ 1 5 . 4
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i l l ; ; -  ■ H r *  $ 1 2 . 8
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E n v i r o n m e n t a l  B e n e f i t s

C u r r e n t  m a in  
b o ile r s  a r e  1 8 9 0 ’s  

t e c h n o lo g y

P la n t  b u r n s  c o a l ,  

d ie s e l  a n d  g a s

N e w e r  t e c h n o lo g y  

is  m o r e  e f f i c i e n t

C u r r e n t  lo a d  a n d  
u p g r a d e d  p la n t  
r e d u c e s  e m is s io n s

ACEP
Alaska Center for Energy and Power
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A d d i t i o n a l  B e n e f i t s

• In c r e a s e  in  a v a i la b le  c o n s t r u c t io n  jo b s  f o r  A la s k a n s

• In c r e a s e  in  e c o n o m ic  a c t i v i t y  d u r in g  2 0 1 5 - 2 0 1 8  t im e  
p e r io d

• P u b l ic  s a f e t y

• U A F  h i s t o r i c a l l y  s e r v e s  a s  a  p l a c e  o f  s h e l t e r  d u r i n g  

e m e r g e n c i e s .

• U p g r a d e d  p l a n t  c o u l d  h e a t  a n d  p o w e r  c a m p u s  

i n d e p e n d e n t  o f  t h e  g r i d .

o ACEP
Alaska Center tor Energy and Power
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T i m e l i n e

C u r r e n t :  $3  m il l io n  f o r  p r e l im in a r y  d e s ig n  a n d  

p e r m it t in g

F Y 1 5 :  R e q u e s t in g  $ 2 4 5  m il l io n  f o r  f u l l  d e s ig n ,  b o i le r  a n d  

e q u ip m e n t  p u r c h a s e ,  a n d  c o n s t r u c t io n

o $ 1 9 5  m il l io n  s t a t e  f u n d in g

o $ 5 0  m il l io n  in  b o n d in g  a u t h o r it y

• U A F  c a n  m a k e  t h e  b o n d  p a y m e n t  w i t h  f u e l  c o s t  s a v i n g s

T a r g e t  c o m p le t io n  a n d  o p e n in g :  W in t e r  2 0 1 8

v
o A C E P

Alaska Center for Energy and Power



Yukon River FBC Unit Elevation View

E L E V A T I O N
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ACEP
Alaska Center for Energy and Power
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G a s if ic a t io n  P la n t  O p tio n s
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W hat is Gasification?
Gasification converts any carbon-containing 
material into synthesis gas, composed primarily of 
carbon monoxide and hydrogen (referred to as 
syngas)

Syngas can be used as a fuel to generate 
electricity or steam, as a basic chemical building 
block for a large number of uses in the 
petrochemical and refining industries, and for the 
production of hydrogen.

Gasification adds value to low- or negative-value 
feedstocks by converting them to marketable 
fuels and products.

A C E P
A lask a C en ter  fo r  E nergy a n d  P ow er



History of Gasification
• Used during World War II to convert coal into transportation 

fuels (Fischer-Tropsch)

• Used extensively in the last 50+ years to convert coal and 
heavy oil into hydrogen -  for the production of ammonia/urea 
fertilizer

• Chemical industry (1960's)

• Refinery industry (1980's)

• Global power & CTL industries (Today)

K -T Pinarf < n a tti tlim u l 
I ikI Pirtrl Futl

“b ACEP
Alaska Center for Energy and Power



G a s if ic a t io n  P ro d u c ts
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A m m o n i a - b a s e d  F e r t i l i z e r  

S y n t h e t i c  N a t u r a l  G a s

I n d u s t r i a l  C h e m i c a l s

M e t h a n o l  /  E t h a n o l  

N a p h t h a

H i g h  C e t a n e  D i e s e l  

J e t  F u e l

0i :T O JCS o u r c e : F f U O R ®
ACEP
Alaska Center for Energy ami Power



H H I

H e a l y  E c o n o m i c s  -  2 0 0 7  

( a n d  o u t d a t e d )
$110.00

$100.00

$90.00

A v e ra g e  F-T P ro d u c t p r ic e  = $81.50

$80.00

« $70.00 
CQ

$60.00

A C E P
r Energy and Power

$30.00
A N S  Crude A K  - A -  A K  Diesel #2 A K  "naphtha"

A v g . A N S  c ru d e  = $57.11
R a n g e  f o r  12%  IR R  

(A N S  C ru d e  B a s is )

$50.00

$40.00



Underground Coal Gasification

More wells are drilled to 
deliver desired g as production

1. C o m bu s t ion  o f  Coal w ith  o x idan t

2. Hea t is gene ra ted

3. Coal + W a te r  + Hea t -> Syngas (H2+C0) th rough  Gas if ica t ion

4. O th e r  react ion:

W a te r  Gas Sh ift (CO + H 2 0  < -  > H2 + C02 )

M e th a n a t io n  (CO + 3H2 < -  > CH4 + H 20)

Pyro lys is  (Coal CH4 + H 2 0  + H yd ro ca rbon s  + Tars + Vo la t i le  gases)

ACEP I l l u s t r a t i o n  c o u r t e s y  o f  L i n e  E n e r g y

Alaska Center for Energy and Power



L i n e  U C G  L i c e n s e  A r e a s

A C E P 29
Alaska Center for Energy and Power



DGGS: At least 37 Communities 
Near Potential Coal Seam Methane

W a i n w r i g h t

-------------
ft1 !' /■ ^

fi^rj rjcjc, • E S m
“  P R I O R I T Y  

V I L L A G E  S I T E S

D onJjrjM & s -

B i t u m i n o u s

S u b b i t u m i n o u s

L i g n i t e
C h i g n i k

After Merritt & Hawley, 1986

O A C E P
A lask a  C en ter  fo r  E n ergy a n d  P o w er

Source: DGGS pub lic  p resen ta t ion , 2002

A l a t n a K o y u k

A l l a k a k e t K o y u k u k

A m b l e r M c G r a t h

A t q a s u k M e k o r y u k

B e a v e r N a k n e k

B e t t i e s N i g h t m u t e

B i r c h  C k N i k o l a i

C h a l k y i t s i k N o a t a k

C h i g n i k N u l a t o

C h i g n i k  L g P e r r y v i l l e

C h i g n i k  L k P o i n t  L a y

D e e r i n g R a m p a r t

E v a n s v i l l e S e l a w i k

F o r t  Y u k o n S h u n g n a k

G a l e n a T o k s o o k  B a y

K a l t a g U n a l a k l e e t

K i a n a V e n e t i e

K i n g  S a l m o n W a i n w r i g h t

K o b u k



T h a n k  Y o u

• N E T L - U . S .  D e p t  o f  E n e r g y

• L in e  E n e r g y

• D G G S

• U A F

• S t a t e  o f  A la s k a

AH A C E P
Absta Center for Energy and Power : |. ’



www.uaf.edu/acep
F o r  m o r e  i n f o r m a t i o n  c o n t a c t :

B r e n t  J  S h e e t s

A l a s k a  C e n t e r  f o r  E n e r g y  &  P o w e r  

U n i v e r s i t y  o f  A l a s k a  

T e l :  ( 9 0 7 )  4 7 4 - 1 1 9 4  

E - m a i l :  g w e n . h o l d m a n n @ a l a s k a . e d u

ACEP
Aiaska Corner for Energy and Power ■■■■■M B wmmmm

http://www.uaf.edu/acep
mailto:gwen.holdmann@alaska.edu


H E A L Y  U N I T  2  &

O B S T A C L E S  T O  C L E A N  C O A L  T E C H N O L O G Y  U S A G E

M i k e  W r i g h t

V P ,  T r a n s m i s s i o n  &  D i s t r i b u t i o n

S e n a t e  R e s o u r c e  C o m m i t t e e  

A p r i l  4 ,  2 0 1  4



W h a t  i s  C l e a n  C o a l  T e c h n o l o g y ?

□  D e f in it io n  o f  C l e a n  C o a l  T e c h n o l o g y  =  m o v in g  

t a r g e t

1 9 9 3  — f o c u s e d  o n  r e d u c t i o n  o f  C r i t e r i a  P o l l u t a n t s  

( N O x ,  S O x ,  P M ,  C O ,  O z o n e ,  L e a d )

C u r r e n t  f o c u s  — r e d u c t i o n  o f  G r e e n  H o u s e  G a s e s  

( G H G s )  o r  C 0 2

■  E P A  a l s o  c u r r e n t l y  a d d r e s s i n g  C r i t e r i a  P o l l u t a n t s  a n d  

H a z a r d o u s  A i r  P o l l u t a n t s  ( H A P S )  r e d u c t i o n  b u t  C 0 2  i n  

f o r e f r o n t

g m ,

Golden V iliey  Electric Association



H e a l y  U n i t  2  H i s t o r y

□ W a s  a n  o ff ic ia l D e p a r t m e n t  o f  E n e r g y  C l e a n  C o a l  
T e c h n o l o g y  P r o j e c t  t h a t  r e c e i v e d  D O E  f u n d i n g

□ U n d e r w e n t  fu ll N E P A a n d  N e w  S o u r c e  R e v i e w  ( N S R )
r e v i e w  p r i o r  t o  c o n s t r u c t i o n

O u t f i t t e d  o r  m e t  w i t h  t h e  m o s t  s t r i n g e n t  p o l l u t i o n  
c o n t r o l s / l i m i t s  a t  t h e  t i m e

□  N O x  c o n t r o l  -  T R W  a d v a n c e d  c o m b u s t i o n  t e c h n o l o g y  
( s l a g g i n g  c o m b u s t o r / b o i l e r  a i r  s t a g i n g )

S 0 2  c o n t r o l  -  S p r a y  D r y e r  A b s o r b e r  ( l i m e )

□  P M  c o n t r o l  -  c o m b u s t i o n  t e c h n o l o g y  -  r e m o v e s  m i n e r a l  
c o n t e n t  b e f o r e  a s h  c a n  e n t e r  t h e  b o i l e r  f o l l o w e d  u p  w i t h  
b a g  h o u s e  t e c h n o l o g y

s f f lm k

Golden Valley Electric Association

Your Touchstone Energy" Cooperative



□  F u e l  D iv e r s i t y

□  M in e  m o u th  c o a l  p l a n t

□  L o n g  t e r m  s t a b l e  r a t e s

□  S i g n i f i c a n t  c o a l  r e s e r v e s

G V E A
Golden Valiev Elect ric Association

istone Energy’ Cooperative



G V E A  G e n e r a t i o n  A s s e t s

HARACTERISTICS
NORTH 
POLE 1

NORTH 
POLE 2

ZEHNDER
1

ZEHNDER
2

DELTA POWER 
PLANT

HEALY 1
BRADLEY

LAKE*2)
BESS<3>

NORTH 
POLE 
3 & 4

AURORA

Location North Pole North Pole Headquarte
rs

Headquarte
rs

Delta*1) Healy Homer Fairbanks North Pole Fairbanks

Type CT 
Frame 7

CT 
Frame 7

CT 
Frame 5

CT 
Frame 5

CT 
Frame 5

ST-Coal Hydro Energy
Storage

CC-
LM6000

ST

Year Installed 1976 1977 1971 1972 1976 1967 1991 2003 April, 2006 -

Fuel HAGO HAGO HAGO HAGO No. 2 Coal Hydro Battery Naphtha Coal
Jeak Winter Ratings 62.6 MW 60.6 MW 19.2 MW 19.6 MW 25.8 MW 25.5 MW 15.2 MW 46 MW 

(for 5 min)
63.3 MW 24.8 MW

Full Load NPHR 
( B t u / k W h ) W y

10,010 9,720 14.030 14,190 13,210 13,441 0.0 NA 6,620 10,000

:orced Outage Rate 0.78% 0.88% 0.23% 1.9% 0.2% 3.69% 0.0% 0.0% 0.83% ~

H e a t  R a t e  — T h e r m a l  E f f i c i e n c y

H e a l y  2  N P H R  — 1 2 , 5 0 0  B t u / k W h  (1 9 9 9  t e s t  r e s u l t s ) § V E 4
 v

Golden Vatlev Electric Association

Your Touchstone Energy" Cooperative



E n v i r o n m e n t a l  G r o u p s  O p p o s e d  

R e s t a r t

□  E n v ir o n m e n t a l  g r o u p  o p p o s i t i o n  r e s u lt e d  in  C o n s e n t  

D e c r e e  w ith  E P A .  P e r t in e n t  r e s u lt s :

U n i t  2  m u s t  i n s t a l l  S e l e c t i v e  C a t a l y t i c  R e d u c t i o n  ( S C R )  

f o r  a d d i t i o n a l  N O x  r e d u c t i o n  b y  i n t r o d u c t i o n  o f  

a m m o n i a  t o  f l u e  g a s  c o u p l e d  w i t h  c a t a l y s t

U n i t  1 m u s t  i n s t a l l  S e l e c t i v e  N o n - C a t a l y t i c  R e d u c t i o n  

( S N C R )  f o r  a d d i t i o n a l  r e d u c t i o n  i n  N O x  a n d  e i t h e r  

s h u t d o w n  i n  2 0 2 4  o r  i n s t a l l  S C R

R e t r o f i t t i n g  p l a n t s  w i t h  p o l l u t i o n  c o n t r o l  d e v i c e s  i s  m u c h  m o r e  

c h a l l e n g i n g  a n d  c o s t l y  t h a n  i n s t a l l a t i o n  a t  i n i t i a l  c o n s t r u c t i o n

m m .



P r o j e c t e d  P o l l u t i o n  R e d u c t i o n  

d u e  t o  C o n s e n t  D e c r e e

C o m b i n e d  U n i t  1 &  U n i t  2  P e r m i t  L i m i t s  

P r e - C D  c o n t r o l s  N O x  =  1 3 6 6  t o n s / y r  

P o s t - C D  c o n t r o l s  N O x  =  5 3 3  t o n s / y r

P r e - C D  e m i s s i o n  l i m i t s  S 0 2  =  7 2 0  t o n s / y r  

P o s t - C D  e m i s s i o n  l i m i t s  S 0 2  =  7 0 1  t o n s / y r

P r i m a r y  t a r g e t  w a s  N O x  a n d  a p p l i c a t i o n  o f  c u r r e n t  B e s t  

A v a i l a b l e  C o n t r o l  T e c h n o l o g y  ( B A C T ) .  C u r r e n t  S 0 2  a n d  P M

C o n t r o l s  is  B A C T .  G V E / V

Golden Valley Electric Association

You r Tow hstwne Energy" Cooperative



m

C u r r e n t  H e a l y  2  A c t i v i t i e s

□  In  N o v e m b e r  2 0 1  2 t h e  j o i n t  C o n s e n t  D e c r e e  b e t w e e n  

G V E A ,  A I D E A  a n d  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  

( E P A )  w a s  a p p r o v e d .

□  J a n  t h r u  D e c  2 0 1  3  —  G V E A  b e g a n  e n g i n e e r i n g  e f f o r t  

o n  t h e  S C R  a n d  S N C R  a n d  b e g a n  p l a n n i n g  r e s t a r t  

a c t i v i t i e s

B l a c k  a n d  V e a t c h  s e l e c t e d  a s  E P C  f o r  S C R  a n d  S N C R  a n d  

a l s o  s e l e c t e d  a s  p r o j e c t  m a n a g e r  f o r  r e s t a r t  a n d  

c o m m i s s i o n i n g  a c t i v i t i e s

□  D e c e m b e r  2 0 1  3  —  G V E A  c l o s e d  o n  t h e  p u r c h a s e  o f  

H e a l y  2



C u r r e n t  H e a l y  2  A c t i v i t i e s

□  L o n g  l e a d  r e s t a r t  i t e m s  h a v e  b e e n  o r d e r e d

□  U p d a t e  t o  t h e  D i g i t a l  C o n t r o l  S y s t e m  u n d e r w a y

□  D e v e l o p i n g  t r a i n i n g  p l a n s

O p e r a t i o n  o f  H e a l y  2  r e s u l t s  i n  a  s t a f f i n g  i n c r e a s e

■  T r a i n i n g  o n  H e a l y  1 f o r  n e w  e m p l o y e e s

■  T r a i n i n g  o n  H e a l y  2  f o r  a l l  e m p l o y e e s

□  C o n t r a c t i n g  f o r  a  W o r k  C a m p  i n  p r o g r e s s

□  C i v i l  w o r k  a n d  f o u n d a t i o n s  p l a n n e d  f o r  t h i s  s u m m e r

□  B e g i n  s y s t e m  t e s t i n g  a f t e r  D C S  w o r k  i s  c o m p l e t e d

0 V E A
Golden VaUev Electric Association

YourTouchsttw Knew* Cooperative



O b s t a c l e s  -  F u t u r e  R e g u l a t o r y  

C h a l l e n g e s

C o a l  i s  t h e  p r i m a r y  t a r g e t

U t i l i t y  M e r c u r y  a n d  A i r  T o x i c s  S t a n d a r d s  ( U M A T S )  

D G r e e n  H o u s e  G a s s e s

A d d i t i o n a l  c o a l  r e g u l a t i o n

U l t i m a t e l y  l e a d s  t o  i n c r e a s e d  c o s t  o f  p o w e r

G V E A
f e  ~ t  v k  •’•as.
Golden Valley Electric-Association

YaurToochs-iune Enerjjy" Cooperative



U t i l i t y  M e r c u r y  a n d  A i r  T o x i c s  

S t a n d a r d s  ( U M A T S )

M u s t  c o m p l y  b y  A p r i l  2 0 1  5 .

T a r g e t  n o n - m e r c u r y  h a z a r d o u s  a i r  p o l l u t a n t s ,  m e r c u r y  

a n d  s e l e c t  a c i d  g a s e s .

A n t i c i p a t e  c o m p l i a n c e  w i t h o u t  a d d i t i o n a l  c o n t r o l s

□  A d d i t i o n a l  c o s t  f o r  m o n i t o r i n g ,  f r e q u e n t  s t a c k  t e s t s ,  

r e p o r t i n g .

S V E A
Golden Valiev Electric Association

Your Touchstone Energy" Cooperative



IP?SPP-'-

G r e e n  H o u s e  G a s e s  

R e p o r t i n g  &  P r o p o s e d  N S P S

□  G H G  R e p o r t i n g  R u l e  — E P A  b e g a n  a n n u a l  r e p o r t i n g  

r e q u i r e m e n t  b e g i n n i n g  f o r  c a l e n d a r  y e a r  2 0 1 0 .  S e l e c t  

i n d u s t r i e s  m u s t  r e p o r t  G H G  e m i s s i o n s  ( C 0 2 ,  C H 4 ,  N 2 0 ) .

□  E P A ’s  m o s t  r e c e n t l y  p r o p o s e d  G H G ’s  N e w  S o u r c e  

P e r f o r m a n c e  S t a n d a r d s  i n  J a n u a r y  2 0 1 4 .  S t i l l  o u t  f o r  p u b l i c  

c o m m e n t .  W h e n  f i n a l  w i l l  a p p l y  t o  n e w  f o s s i l  f u e l - f i r e d  

e l e c t r i c  s t e a m  g e n e r a t i n g  u n i t s  ( m o s t l y  c o a l  b o i l e r s ) ,  I G C C  

a n d  N G - f i r e d  s t a t i o n a r y  c o m b u s t i o n  t u r b i n e s .

□  F o r  c o m p a r i s o n ,  n o  c u r r e n t  G V E A  c o a l  o r  o i l  p l a n t  c a n  m e e t  

s t a n d a r d s  w i t h o u t  C a r b o n  C a p t u r e  a n d  S e q u e s t r a t i o n  ( C C S ) .

a m .

(ioldco VSlIev Electric? Association

Your Touchstone Knerf'y" Cooperative



P r o p o s e d  G H G  N S P S

□  P r o p o s e d  U t i l i t y  b o i l e r s  a n d  I G C C  U n its  lim it

□  1 , 1 0 0  l b  C 0 2 / M W h

O  l i m i t  b a s e d  o n  p a r t i a l  i m p l e m e n t a t i o n  o f  C C S

□  P r o p o s e d  N a t u r a l  G a s  C o m b i n e d  C y c l e  U n its

□  1 0 0 0  l b  C 0 2 / M W h  l a r g e  u n i t s  

1 1 0 0  l b  C 0 2 / M W h  s m a l l  u n i t s  

n o  c o n t r o l  r e q u i r e d  t o  m e e t  l i m i t



G V E A  G H G  E m i s s i o n s

□  A p p r o x i m a t e  C 0 2  E m is s io n s  f r o m  G V E A  U n its  

H e a l y  U i -  2 9 0 0 - 3 0 0 0  I b / M W h  ( P C )

N o r t h  P o l e  G T 1  &  2  -  1 8 0 0 - 2 0 0 0  I b / M W h  ( o i l )  

N o r t h  P o l e  G T  3 — 1 1  0 0 - 1  2 0 0  I b / M W h  ( n a p h t h a )  

Z e h n d e r  G T  1 &  2  -  3 0 0 0 - 3 8 0 0  I b / M W h  ( o i l )

( d e p e n d s  o n  e f f i c i e n c y  o f  u n i t / f u e l  t y p e )

G V E A
W l  Mi l ' l l V
Golden Valiev lilectric Association

YoorTouchttOt» Ei*erj,V Coopenitiws



C C S  M a j o r  C h a l l e n g e s

Q l j

□  C o s t  o f  E q u ip m e n t

□ M o d i f i c a t i o n  t o  U n its

□  E n e r g y  P e n a lt y

□ S e q u e s t r a t i o n  L o c a t io n :  t r a n s p o r t a t i o n  t o  w h e r e ?



C o a l  R e g u l a t i o n  o n  t h e  H o r i z o n

□  G H G  G u i d e l i n e s  f o r  E x i s t i n g  P l a n t s  — E P A  d e v e l o p i n g  

s t r a t e g y  n o w .  P l a n  t o  p r o p o s e  g u i d e l i n e s  ( r e g u l a t i o n )  t h i s  

s u m m e r .  I m p a c t s  u n k n o w n .

□  P r o p o s e d  C C R  r u l e  — c o a l  c o m b u s t i o n  r e s i d u a l  r u l e

I n i t i a l  p r o p o s a l  -  c o a l  w i l l  b e  r e g u l a t e d  e i t h e r  a s  h a z a r d o u s  

w a s t e  o r  s o l i d  w a s t e .  E P A  a p p e a r s  t o  b e  l e a n i n g  t o w a r d s  s o l i d  

w a s t e  r e g u l a t i o n  o r  r e g u l a t i o n  b y  c i t i z e n  s u i t .

□  C W A  3 1  6 b  r u l e  — i m p a c t s  w a t e r  i n t a k e  s t r u c t u r e s  f o r  

p r o t e c t i o n  o f  f i s h e r y  r e s o u r c e s

M a y  r e q u i r e  c o o l i n g  t o w e r s ,  l a r g e r  i n t a k e  s t r u c t u r e s  o r  

a l t e r n a t e  m e c h a n i s m  _____

I m p a c t s  d i s p o s a l / r e c y c l i n g  o f  c o a l  a s h / a s h  i m p o u n d m e n t s

B V E A



C o a l  R e g u l a t i o n  o n  t h e  H o r i z o n

( c o n t i n u e d )

□  E f f l u e n t  l i m i t a t i o n  g u i d e l i n e s  — m a y  b a n  o r  a p p l y  l i m i t s  t o  

c e r t a i n  w a s t e w a t e r  d i s c h a r g e s .  T a r g e t  a i r  p o l l u t i o n  a n d  

a s h  r e l a t e d  w a s t e w a t e r  d i s c h a r g e s



K e y  T a k e - A w a y s

□  C o a l  p r o v i d e s  f u e l  d i v e r s i t y

□ C o a l  g e n e r a t i o n  p r o v i d e s  lo n g  t e r m  s t a b l e  r a t e s

□  S i g n i f i c a n t  c o a l  r e s e r v e s  e x is t  in A l a s k a

□  F u t u r e  r e g u l a t o r y  c h a l l e n g e s  a r e  t h e  m a j o r  o b s t a c l e  

t o  C l e a n  C o a l  T e c h n o l o g y  U s a g e

I n c r e a s e d  c o s t  o f  p o w e r  p r o d u c t i o n  t o  m e e t  r e g u l a t o r y  

r e q u i r e m e n t s  m a k e s  c o a l  f i r e d  g e n e r a t i o n  l e s s  e c o n o m i c
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4/3/2014 Coal -  Analysis & Projections - U.S. Energy Information Administration (EIA)

U .S .  e a s te r n  m o n t h ly  c o a l  p r o d u c t io n ,  M a r c h  2 0 1 3  t h r o u g h  F e b r u a r y  2 0 1 4

million short tons 

18 

16
14 —

12

: Northern App H  Central App B  Illinois Basin

e i a )  S o u rc e : M ine S a fe ty  a n d  H ea lth  A d m in is tra t io n  (M S H A ), U .S. D e p a rtm e n t o f L a b o r, F o rm  7 0 0 0 -2 .

http://wiw.eia.gov/coal/news_markets/eastern_prod.cfrn

http://wiw.eia.gov/coal/news_markets/eastern_prod.cfrn


3/31/2014 Coal -  Analysis & Projections - U.S. Energy Information Administration (EIA)

E le c t r ic  p o w e r  s e c t o r  c o a l  s t o c k s ,  J a n u a r y  2 0 1 0  t h r o u g h  J a n u a r y  2 0 1 4

t h o u s a n d  s h o r t  t o n s

2 5 0 ,0 0 0

200,000

1 5 0 ,0 0 0
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5 0 ,0 0 0
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-♦ -2 0 1 0  •♦ - 2011 -* -2 0 1 2  2013 - ^ 2 0 1 4

e i i D  S o u rc e : U .S. E n e rg y  In fo rm a tio n  A d m in is tra tio n , F o rm  E IA -923 , "P o w e r  P lant O p e ra tio n s  R e p o rt."

http://www.eia.gov/coal/news_markets/elec_stocks.cfrn 1/1

http://www.eia.gov/coal/news_markets/elec_stocks.cfrn


3/31/2014 Coal News and Markets -  Energy Information Administration
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n i a '  U.S. Energy Inform ation 
t / l C l  Administration

C o a l

C oal N ew s and Markets

R elease date: March 31, 2014 | Next re lease  date: April 7, 2014

"Coal News and Markets Report" summarizes spot coal prices by coal commodity regions (i.e., Central Appalachia (CAPP), 
Northern Appalachia (NAPP), Illinois Basin (ILB), Powder River Basin (PRB), and Uinta Basin (UIB)) in the United States. The 
report includes data on average weekly coal commodity spot prices, total monthly coal production, eastern monthly coal 
production, electric power sector coal stocks, and average cost of metallurgical coal at coke plants and export docks. The 
historical data for coal commodity spot market prices are proprietary and not available for public release.

A ve rage  w e e k ly  coa l co m m o d ity  spo t p rices
(dollars per short ton)

W e e k
Ended

C entra l 
A pp a la ch ia  
12,500 Btu, 

1.2 S 02

N orthern  
A p p a la ch ia  
13,000 Btu, 

<3.0 S 0 2

Illin o is  Basin 
11,800 Btu, 

5.0 S 0 2

P o w d e r 
R iver Basin 

8,800 Btu, 
0.8 S 02

Uinta Basin 
11,700 Btu, 

0.8 S 02

28-February-
14

$63.00 $68.65 $46.65 $12.50 $36.00
7-March-14

$60.06 $68.65 $46.65 $12.50 $36.00
14-March-14

$60.06 $68.65 $46.65 $12.50 $36.00
21-March-14

$59.06 $67.90 $47.06 $12.65 $36.25
28-March-14

$59.06 $67.90 $47.06 $12.65 $36.25
S ource : W ith permission, SNL Energy
Note: Coal prices shown are for a relatively high-Btu coal selected in each region, for delivery in the 
"prompt quarter." The prompt quarter is the quarter following the current quarter. For example, from 
January through March, the 2nd quarter is the prompt quarter. Starting on April 1, July through 
September define the prompt quarter. The historical data file of spot prices is proprietary and 
cannot be released by EIA; see SNL Energy.

http://www.eia.gov/coal/news_martets/indexcfm 1/1

http://www.eia.gov/coal/news_martets/indexcfm


4/3/2014 V\feekly Coal Production byState

U.S. Energy Inform ation 
t  X  C X  Administration

C o a l

Weekly Coal Production
Data for week ended: M a rc h  2 9 ,  2 0 1 4  | Release date: A p r i l  0 3 ,  2 0 1 4  | Next release date: A p r i l  1 0 , 2 0 1 4  

For the  w e e k  ended  M arch 29, 2014:
•  U .S . c o a l  p r o d u c t io n  t o t a le d  a p p r o x im a t e ly  1 9 .9  m i l l i o n  s h o r t  to n s  ( m m s t )

•  T h is  p r o d u c t io n  e s t im a t e  is  5 .4 %  h ig h e r  th a n  la s t  w e e k 's  e s t im a t e  a n d  4 .7 %  h ig h e r  th a n  th e  p r o d u c t io n  e s t im a t e  in  th e

c o m p a r a b le  w e e k  in  2 0 1 3

•  C o a l  p r o d u c t io n  e a s t  o f  th e  M is s i s s ip p i  R iv e r  t o t a le d  8 .5  m m s t

•  C o a l  p r o d u c t io n  w e s t  o f  th e  M is s i s s ip p i  R iv e r  t o t a le d  1 1 .4  m m s t

•  U .S .  y e a r - to - d a te  c o a l  p r o d u c t io n  t o t a le d  2 3 7 .7  m m s t ,  1 .9 %  lo w e r  th a n  th e  c o m p a r a b le  y e a r - to - d a te  c o a l  p r o d u c t io n  in  2 0 1 3

W e e k ly  U .S .  c o a l  p r o d u c t io n  o v e r v ie w

thousand short tons

25.000

20.000
15.000

10.000
5,000

0 r
March 29, 2014 one w eek prior comparable w eek 

in previous year

w e e k ly  e s t im a t e s

C ic t Source: U.S. Energy information Administration

http://www.eia.g ov/coal/production/weekly/ 1/2

http://www.eia.g


4/3/2014 V\feeklyCoal Production byState

U .S . w e e k ly  c o a l  p r o d u c t io n  f o r  th e  la s t  5 2  w e e k s

t h o u s a n d  s h o r t  t o n s

25.000

20.000

15.000

10.000

5,000

°  M ay '1 3  J u l''1 3  S e p  ’13 N o v ’ 13 Ja n  '1 4  M a r '1 4

—  A p p a la c h ia n  T o ta l  — ■ In t e r io r  T o ta l  —  W e s te r n  T o ta l  U .S . T o ta l

S o u r c e :  U .S . E n e r g y  In f o r m a t io n  A d m in is t r a t io n

E IA  r e v is e s  its  w e e k ly  e s t im a t e s  o f  s ta t e  le v e l c o a l  p r o d u c t io n  u s in g  M in e  S a fe t y a n d  H e a l th  A d m in is t r a t io n  (M S H A )  q u a r te r ly  

c o a l  p r o d u c t io n  d a ta .  A f te r  r e v is io n ,  E lA 's  s ta t e  le v e l w e e k ly  n u m b e r s  s u m m e d  fo r  th e  q u a r t e r  m a tc h  th e  M S H A  d a ta .

D a ta  f o r  J a n u a r y  t h r o u g h  D e c e m b e r 2 0 1 3  a r e  r e v is e d  to  m a tc h  M S H A . D a ta  f o r  J a n u a r y  t h r o u g h  M a rc h  2 0 1 4  a r e  p r e l im in a r y  E IA  

e s t im a t e s .

http:/Aiwvw.eia.g ov/coal/production/weekiy/ 2/2
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B r i n g i n g  T e c h n o l o g y  T o  L i f e

( U )  S O L V I N G  T H E  W O R L D S  E N E R G Y  C H A L L E N G E S

Vivify is tackling the largest energy challenges facing the 
world with a brand new perspective. By combining forward 
thinking technology with cutting edge science & engineering, 
we create paradigm shifting clean energy solutions.

( g )  C L E A N  A I R  T E C H N O L O G Y

The next generation of carbon capture and emissions 
control called Clean Air Technology is a revolutionary 
technology that allows power plants to achieve zero 
emissions while producing low cost electricity - providing 
affordable green energy.

0  r
vivify



©
©

©
©

C l e a n  A f f o r d a b l e  E n e r g y

C L E A N  A I R  T E C H N O L O G Y + A L A S K A N  C O A L  P O W E R  P L A N T S

=  T H E  R I G H T  C H O I C E  F O R  A L A S K A

U t i l i z e  A l a s k a ' s  v a s t  n a t u r a l  c o a l  r e s o u r c e s .

P r o v i d e  l o w  c o s t  e l e c t r i c i t y  t o  t h e  p e o p l e  o f  A l a s k a .

E n a b l e  A l a s k a  t o  c r e a t e  t h o u s a n d s  o f  h i g h  q u a l i t y  j o b s .

P r o t e c t  A l a s k a ' s  p r i s t i n e  e n v i r o n m e n t  a n d  n a t u r a l  e c o - s y s t e m .

0  m
v i v i f y



Z e r o  E m i s s i o n s  P o w e r

C L E A N  A I R  T E C H N O L O G Y  P R O T E C T S  A L A S K A ' S  P R I S T I N E  

N A T U R A L  E N V I R O N M E N T

OUR CLEAN AIR TECHNOLOGY provides complete pollution 
control and carbon capture for coal fired, diesel and natural gas 
power plants, removing 100% of pollutants from exhaust 
emissions, exceeding ambient air quality - achieved by unique 
patented processes of super-heating hydrogen to vaporize volatile 
organic compounds, and capturing carbon dioxide and other air 
compounds via super-cooling methods.

©  C a r b o n  D i o x i d e  ( C 0 2 )  

©  N i t r o g e n  O x i d e  ( N O x )  

©  S u l f u r  D i o x i d e  ( S 0 2 )

©  C a r b o n  M o n o x i d e  ( C O )  

©  M e r c u r y  &  A r s e n i c  

©  S u l f u r  D i o x i d e  ( S 0 2 )



V i v i f y  C l e a n  A i r  T e c h n o l o g y

Cryogenic Air 
Pump Precipitator

Particle 
Acquisition Tower

Anti Gravity 
Enhance Separator

O  m
vivify



Zero Parasitic Load

P R O V I D E  L O W  C O S T  E L E C T R I C I T Y  T O  T H E  P E O P L E  O F  A L A S K A .

© CONVENTIONAL POLLUTION CONTROL and carbon 
capture technology uses 30%-40% of a power plants 
energy capacity, which increases the cost of electricity to 
the consumer by a staggering 130%-140%.

© CLEAN AIR TECHNOLOGY generates its own electricity, 
increasing a power plants capacity and dramatically 
lowering the cost of electricity as compared to 
convention pollution control systems. Vivify's Pulsar, an 
exclusive patented on-demand hydrogen creation 
solution, powers the entire pollution control and 
carbon capture process.

Note: 0.001 % o f a p lants capac ity  m aybe  requ ired  fo r  anc il la ry  p rocesses - es t im ated  2000 watts connection .

O  m
vivify



Zero Parasitic Load

P u lv e r iz e d  C o a l P la n t E ffic ie n c y
40
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Reference: C02 Capture From Existing Coal-Fired Power Plants, U.S. Department of 
Energy/National Energy Technology Laboratory, Revised Final Report, November 
2007.
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3 Conventional Carbon Capture 
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Conesville 30%CO2 50%CO2 70%CO2 90%CO2

Unit #5 Capture Capture Capture Capture

Vivify Clean Air Technology has zero parasitic load does not reduce the net 
efficiency of the plant, keeping electricity costs low.

O  r
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L o w  C o s t  I m p l e m e n t a t i o n

R E D U C E  T H E  C O S T  O F  P O L L U T I O N  C O N T R O L  &  C A R B O N  

C A P T U R E

Clean Air Technology costs dramatically less than inefficient 
conventional pollution control and carbon capture technology.

Clean Air Technology can be implemented in new power plant 
construction or integrated into existing power plants or even 
retired plants.

Does not require costly absorbents or chemicals. Can be 
implemented with zero downtime or retrofit required, utilizes the 
plant existing infrastructure. Clean Air Technology does not impede 
the current plant operations.

O  r

vivify



C l e a n  A i r  T u r b i n e

• Vivify uses a series of turbines, compressors and 
generators in the operation of our technology.

• By utilizing the heat from the flue exhaust, coupled with 
pressure, we generate additional heat to power the 
generators, we create electricity to offset the operating 
and maintenance cost.

• We employee heat exchangers to extract the heat and 
precipitate the contaminates from the pressurized gas

• The captured Carbon Monoxide (CO) and Volatile Organic 
Compounds (VOCs) are combusted to generate additional 
electricity.

• The simplicity of our technology is the answer to a cost- 
effective advanced complete Emissions Control and 
Carbon Capture Solution

O  r
vivify



V i v i f y  C r y o g e n i c  A i r  P u m p  P r e c i p i t a t o r

• C r y o g e n i c  c h a m b e r  a n d  p u m p  u s e d  t o  s e p a r a t e  a i r  
c o m p o u n d s .

• L e v e r a g e  p r e s s u r e  a n d  t e m p e r a t u r e  ( c r y o g e n i c )  t o  
s e p a r a t e ,  p r e c i p i t a t e  a n d  c a p t u r e  g a s e s .

• S e p a r a t e  C a r b o n  D i o x i d e  ( C 0 2 ) ,  S u l f u r  D i o x i d e  ( S 0 2 ) ,  
N i t r o g e n  O x i d e  ( NO x )  a n d  M e r c u r y  C o m p o u n d s  (Hg) - a s  
r e q u i r e d .

• E a c h  C o m p o u n d  will p r e c i p i t a t e  a t  i ts o w n  idea l  
t e m p e r a t u r e  a n d  p r e s s u r e  w i t h i n  t h e i r  o w n  r e s p e c t i v e  
c h a m b e r s .



V i v i f y  P a r t i c l e  A c q u i s i t i o n  T o w e r

Water Filled Hydroponic towers in which exhaust mixes 
with water to remove heavy particulates.

Heavy particulates condense and separate as it is filtered 
at high pressure.

Works in conjunction with Anti Gravity Enhance Separator 
to filter heavy and light particulates.

Utilized based on current power plant configuration. May 
not be needed with new power generating technology.



V i v i f y  A n t i  G r a v i t y  E n h a n c e  S e p a r a t o r

• Removes fine particulates, including Mercury (if not being 
separated in Cryogenic chamber).

• Rotating chamber users centrifugal force to separate 
particles by weight.

• Used in conjunction with Particle Acquisition Tower to filter 
heavy and light particulates.



V i v i f y  P u l s a r

300 Cell Pulsar™  A rra y

100 cell a rray  can p roduce  1 cub ic ft o f  hyd rogen  per hou r 
w ith  an inpu t o f  200 watts o f  electricity. Cells can be 
com b ined  in any n u m b e r  to p roduce  the des ired  am o u n t  
o f  hydrogen.

On demand hydrogen 
generation which provides a 
low cost, high yield fuel 
source.

Water electrolysis produces 
hydrogen and oxygen .

Concept developed in mid- 
1800s, but very inefficient 
and expensive - until now.

Vivify Pulsar's patented 
technology is dramatically 
more efficient than historical 
electrolysis hydrogen 
generation.

o
v i v i f y



V i v i f y  C l e a n  A i r  T e c h n o l o g y

Cryogenic Air 
Pump Precipitator

Particle 
Acquisition Tower

Anti Gravity 
Enhance Separator
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