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THE POWER PROBLEM
Demand is Changing
The rapid load swings created by AI workloads are 
exposing a critical weakness in conventional power 
architectures, accelerating battery degradation, 
increasing generator wear, and reducing system 
reliability.

Backup generators 
report material 

failure rates within 12 
months due to load 

swing - driven 
overuse

These rapid “heartbeat 
pattern type” load 
cycles accelerate 

lithium - ion 
degradation by up to 

10x

AI data centers can 
experience 50 –60% 
load swings multiple 

times per minute
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FLEXIBILITY IS 
NO LONGER 
OPTIONAL.

Large AI loads must now coordinate with the grid 
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THREE MODELS OF FLEXIBILITY
Different Tradeoffs. Different Outcomes.

Workload 
Shifting

Compute 
Curtailment

Storage - Integrated 
Architecture

Mo ve  c o m p u te  b e twe e n  c a m p u s e s  to  
re d u c e  lo c a l g rid  s tre s s .

Requires excess 
capacity elsewhere.

Re d u c e  a c tive  wo rklo a d s  d u rin g  g rid  
s tre s s  e ve n ts  o r p e a k p ric in g  p e rio d s .

Us e  s to ra g e  a n d  o n - s ite  s ys te m s  to  
re s h a p e  a p p a re n t g rid  d e m a n d .

Directly sacrifices 
monetizable compute.

Requires new infrastructure 
architecture.
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SOLVING THE CHALLENGES OF AI POWER NEEDS
One Architecture, Four Critical Outcomes

SPEED TO POWER1 GRID STABILITY2 PROTECT EQUIPMENT3 COMMUNITY BUY- IN4

AI workloads 
create 50 –60% 
load swings, 10x 
per minute

Conventional 
architectures can 
delay 
interconnection 
by 2 –3 years

Load volatility 
degrades 
generators and 
critical 
infrastructure

Fire risk drives 
local opposition 
and permitting 
challenges

ABSORBACCELERATE SHIELD DE- RISK

Instantly absorbs load 
swings and transforms 

volatility into a grid asset

Accelerates 
interconnection and 

reduces time to power

Protects generators and 
critical infrastructure from 
damaging load volatility

Eliminates fire risk and 
improves permitting and 
community acceptance
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FLOW BATTERIES
How LDUPS Powers Critical Loads

www.te rra flo we n e rg y.c o m

Va n a d iu m  is  o n e  o f 
th e  m o s t a b u n d a n t 
e le m e n ts  a n d  wid e ly 
a va ila b le  wo rld wid e .

HOW IT WORKS:
ENERGY STORED IN TANKS
Liq u id  e le c tro lyte  s to re s  e n e rg y s e p a ra te ly
fro m  p o we r c o n ve rs io n

POWER DELIVERED THROUGH CELL STACK
Ele c tro lyte s  c irc u la te  th ro u g h  a  c e n tra l s ta c k
wh e re  e n e rg y is  c h a rg e d  a n d  d is c h a rg e d

POWER AND DURATION SCALE SEPARATELY
La rg e r ta n ks  in c re a s e  d u ra tio n  with o u t
in c re a s in g  p o we r e le c tro n ic s

DESIGNED FOR CONTINUOUS CYCLING
Th e  c h e m is try s u p p o rts  fre q u e n t c h a rg in g  a n d
d is c h a rg in g  with o u t p e rfo rm a n c e  d e g ra d a tio n

WHY IT MATTERS:
Lo n g - Du ra tio n  
Op e ra tio n

No  Th e rm a l
Ru n a wa y

In fra s tru c tu re
Sc a le

Co n tin u o u s
Cyc lin g

1

2

3

4
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FLOW BATTERIES
Proven at Scale

Glo b a l De p lo ym e n t Utility Sc a le Lo n g  Du ra tio n Gro win g  Ma rke t
5  Co n tin e n ts 20 0  MW/ 1GWh + 5 - 10 +  Ho u rs Mu lti GWh  Pip e lin e

De p lo ye d  a c ro s s  No rth  
Am e ric a , Eu ro p e , As ia , Afric a , 

a n d  Au s tra lia

In d ivid u a l p ro je c ts  n o w 
e xc e e d  20 0  MW/ 1 GWh  o f 

in s ta lle d  c a p a c ity

Co m m e rc ia l s ys te m s  
d e live rin g  m u lti- h o u r 

e n e rg y s to ra g e

Mu ltip le  GWh - s c a le  p ro je c ts  
u n d e r d e ve lo p m e n t a n d  
m a n u fa c tu rin g  c a p a c ity 

e xp a n d in g  wo rld wid e

3.5+  GWh
RONGKE POWER
Glo b a l u tility- s c a le
d e p lo ym e n ts

75+  MWh
INVINITY ENERGY 
SYSTEMS
De p lo ye d  a c ro s s  70 +  
p ro je c ts  in  14  c o u n trie s

200+  GWh
SUMITOMO 
ELECTRIC
In s ta lle d  VRFB 
c a p a c ity wo rld wid e

INDUSTRY VALIDATION

Vanadium flow batteries have been deployed 
globally across utility, industrial , and microgrid
applications for decades.
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A BETTER BATTERY
Stack Design Tailored for Critical Loads
Ad va n ta g e s  o f th e  Sta c k De s ig n : 
• Op e n - fra m e  c o n fig u ra tio n  s u p p o rts  ra p id  

m a in te n a n c e , m o d u la r s c a la b ility, a n d  
m a n u fa c tu ra b ility 

• No  d e p e n d e n c e  o n  re s tric tive  s h ip p in g  c o n ta in e r 
d im e n s io n s  

• Fle xib le  d e s ig n  a llo ws  fo r h ig h e r- d e n s ity in s ta lls  
a n d  re tro fit c o m p a tib ility

En c lo s u re  & In fra s tru c tu re :
• Sys te m  is  fu lly h o u s e d  in  a  te m p e ra tu re - c o n tro lle d  

s te e l b u ild in g  
• In te g ra te d  p o we r ro o m  fo r in ve rte rs , re c tifie rs , a n d  

c o n tro ls  

WHY IT MATTERS:
Te rra Flo w’s a rc h ite c tu re  is  p u rp o s e - b u ilt fo r h yp e rs c a le  
o p e ra to rs : e a s y to  s e rvic e , fa s t to  s c a le , a n d  re s ilie n t in  
m is s io n - c ritic a l e n viro n m e n ts . 

www.te rra flo we n e rg y.c o m
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This design is not only simpler to build and maintain, it also supports higher 
density, stabilizes power electronics, and delivers a reliable foundation for 
long-term system growth.

A BETTER BATTERY 
Open Skid Modular Architecture
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BATTERY- IN- BUILDING
Energy Storage Where It Is Needed

WHY IT MATTERS:
In fra s tru c tu re  m u s t b e  d e s ig n e d  fo r re a l- wo rld  
d e p lo ym e n t, n o t id e a l c o n d itio n s .

Sa fe , n o n - fla m m a b le  e n e rg y s to ra g e  
d e s ig n e d  fo r d e p lo ym e n t a lo n g s id e  c rit ic a l 
in fra s tru c tu re .

De p lo y Ne a r Lo a d
De s ig n e d  fo r in s ta lla tio n  a lo n g s id e  AI d a ta  c e n te rs  
a n d  c ritic a l fa c ilitie s

La rg e - Ta n k Arc h ite c tu re
En a b le s  in fra s tru c tu re - s c a le  d e p lo ym e n t with  fe we r 
c o m p o n e n ts  a n d  s im p lifie d  o p e ra tio n

Sim p lifie d  Sitin g
Re d u c e d  s e tb a c k re q u ire m e n ts  a n d  g re a te r lo c a tio n  
fle xib ility

Te rra Flo w En e rg y Sta n d a lo n e  Po we r Sys te m
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BATTERY- IN- BUILDING
AI Data Center with LDUPS Architecture



4x 1M Gallons

25 0  MWh rs

25  MW

www.te rra flo we n e rg y.c o m

COMPLETE TERRAFLOW SYSTEM ARCHITE
Open Skid + Dual Conversion Power Path
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https://terraflowenergy.com/ldups/
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‘Th e re ’s  a  s tro n g  lin k b e twe e n  p ro xim ity to  AI 
d a ta  c e n te rs a n d  h ig h e r le ve ls  o f d is to rte d  
p o we r in  re s id e n tia l a re a s .’ 

– Blo o m b e rg      

DATACENTER
Grid Disruption

Ch a ra c te ris tic s  a n d  Ris ks  o f Em e rg in g  La rg e  Lo a d s  La rg e  Lo a d s  Ta s k Fo rc e  Wh ite  Pa p e r
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TRADITIONAL POWER ARCHITECTURE

Transformer inertia and layered AC –DC 
conversion limit ramp - rate response in 
traditional architectures. These delays 
increase losses and harmonic distortion 
and create stability issues under high -
variability critical loads such as AI data 
centers.

Conventional Power Systems Limit 
Reliability and Scale

Slo w Dyn a m ic  Re s p o n s e /
No  Lo a d  Vo la tility Ma n a g e m e n t

Co n ve rs io n  Lo s s e s

Ha rm o n ic  Dis to rtio n  Ma n a g e m e n t

Sc a lin g  Co n s tra in ts
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TERRAFLOW ENERGYPOWER ARCHITECTURE

Low- voltage system implementation 
reduces delays, losses, and harmonic 
distortion while improving stability under 
high - variability large loads such as AI data 
centers. Designed to protect medium -
voltage infrastructure and support 
continuous coordination with the grid.

Fast Dynamic Response

Low Conversion Losses

Improved Harmonic 
Distortion Management

Modular Scaling

Coordinated Large Load 
Architecture Improves Reliability



RectifierGrid  o r Ge n s e t 
Co n n e c t

Se t re c tifie r a t 
fixe d  

p o we r/ c u rre n t 
u n d e r o p e ra tion a l 

c o n tro l

Re c tifie r
Eg . 1,0 0 0  a m p s

DC Bu s DC Bu s

Flo w Ba tte ry Sto ra g e

Am p s  xx
De lta  xx

In ve rte r s e t a t
fixe d  vo lta g e  

ra n g e  to  s u p p o rt
DC lo a d  d ra w

In ve rte r
1,000  a m p s

In ve rte r

www.te rra flo we n e rg y.c o m

2.5MW
3200A

34 .5 kV to  
4 8 0 / 4 15 kV

COMPLETE TERRAFLOW SYSTEM ARCHITECTU
Open Skid + Dual Conversion Power Path



TERRAFLOW
LDUPS

Lith iu m  
(Te s la  Me g a p a c k) XL Ba tte rie s Fo rm  En e rg y 

Ba tte rie s En e rg y Do m e EOS

Cyc le  Life UNLIMITED
(No  d e g ra d a tio n )

3– 7K c yc le s
(3- 5 x+  fa s te r 

b u rn o u t)
20  Yrs  Cla im e d 1,0 0 0  – 1,30 0  Cyc le s UNLIMITED

No  d e g ra d a tio n
5 ,0 0 0 - 6 ,000  Cyc le s  

Cla im e d

Fire  Ris k ZERO Th e rm a l ru n a wa y Ze ro Ze ro Lo w Ze ro

Du ra tio n 10 +  HOURS 1– 4  HOURS 10 +  HOURS Mu lti- Da y 4 - 24  HOURS 4 - 16  HOURS

Switc h in g NONE Ye s Ye s Ye s Ye s Yes

Re s p o n s e  Tim e <5  MILLISECOND
(Au to m a tic ) Co n tro l- d e p e n d e n t Fa s t Cla im e d Se c o n d s  to  Min u te s Min u te s < 5  Millis e c o n d

Effic ie n c ie s >9 0 %
( in  LDUPS Mo d e ) ~9 0 % ~70 % 30  – 5 0 % ~75 % ~75%

Su p p ly Ch a in U.S. Do m e s tic Lith iu m  b o ttle n e c ks U.S. Do m e s tic U.S. Do m e s tic Glo b a l U.S. Do m e s tic

Fo o tp rin t /  En e rg y 
De n s ity 6 7.5  kWh  /  M2 5 0  kWh  /  M2 5  – 15  kWh  /  M2 4 9  - 74  kWh  /  M2 4  – 5  kWh  /  M2 33 kWh  /  M2

Ch e m is try Va n a d iu m Lith iu m Org a n ic  Flo w Iro n  - Air Co m p re s s e d  CO2 Zin c  - Bro m in e

A CATEGORY OF ONE
Instant Power Response Critical Loads



Grid - Ready By Design
RESPONSIVE LOAD IS NO LONGER OPTIONAL. IT'S THE FUTURE OF AI INFRASTRUCTUR

100% Site Curtailment Enables full load response during grid events.

Behind - the - Meter Dispatch Uses on - site generation without disrupting operations.

Ancillary Service Participation Unlocks frequency response, reserves, and future market participation.

TX SB6 & Responsive Load Ready Designed for Texas' evolving large - load requirements.

LVRT Compliant Supports ride - through performance during grid disturbances.

Instead of simply consuming electricity, LDUPS enables critical loads such as AI data centers to support grid 
reliability, reduce operating costs, and help lower electricity costs for the communities they serve.
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TURNING POWER INTO PROFIT
Optimizing Energy Use for Maximum Return 
Economic effects of TerraFlow Energy solutions

• Re d u c e s  p e a k p o we r c o s ts  th ro u g h  lo a d  s h a p in g
• En a b le s  p a rtic ip a tio n  in  g rid  s e rvic e s  m a rke ts
• Re d u c e s  to ta l c o s t o f o wn e rs h ip  th ro u g h  

im p ro ve d  a s s e t u tiliza tio n
• Im p ro ve s  c o s t p re d ic ta b ility b y s m o o th in g  

d e m a n d  a n d  re d u c in g  p e a k e xp o s u re
• Co n ve rts  e n e rg y in fra s tru c tu re  fro m  fixe d  c o s t to  

o p e ra tio n a l a s s e t
• Re d u c e s  e xp o s u re  to  e n e rg y p ric e  vo la tility a n d  

p e a k p ric in g  e ve n ts

WHY IT MATTERS:
In fra s tru c tu re - s c a le  e n e rg y s to ra g e  c h a n g e s  h o w p o we r is  
p ro c u re d , u s e d , a n d  va lu e d , e n a b lin g  lo we r c o s ts , im p ro ve d  
s ys te m  p e rfo rm a n c e , a n d  n e w o p e ra tio n a l fle xib ility.

Lo a d  Sh ift in g  Va lu e  |  Su m m e r Da y Exa m p le



Conventional Lithium LDUPS

Initial CAPEX Lo we r Hig h e r

Replacement Batteries Eve ry 8 - 12 ye a rs No n e

Cycling Degradation Ye s Min im a l

UPS + Harmonic Filters Se p a ra te  s ys te m s In te g ra te d

Useful Asset Life ~10  ye a rs 25 - 30  ye a rs

Lifetime Cost per Delivered MWh In c re a s e s  o ve r t im e De c lin e s  p e r d e live re d  MWh

Infrastructure Measured Over Decades
TRUE COST IS MEASURED ACROSS THE ENTIRE ASSET LIFE
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