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Generated Data



Global energy systems are rapidly transforming

Unid ire c tiona l e ne rgy flows  

Eas ily ad jus tab le  s upp ly to  ma tc h de mand  

Ce ntra lis e d  ge ne ra tion

Bid ire c tiona l e ne rgy flows

De mand  fle xing  to  me e t va riab le  s upp ly 

Dis tribute d  e ne rgy a s s e ts



Smart me te r da ta  is  
inc re as ing ly c ruc ia l to  rap id  
and  s uc c e s s ful e ne rgy 
trans itions .

Ene rgy mode lling  is  s till la rge ly 
bas e d  on s ta tic  and  highly 
aggre ga te d  da ta  from the  pas t.

Ac c e s s  to  de mand  da ta  is  
limite d  by p rivac y p rote c tions .

We need better data



Microsoft’s AI Lab proje c t inc lude s  a  
s ynthe tic  da ta  ge ne ra tor to  s a fe gua rd  p rivac y 
during  the  s ha ring  and  ana lys is  of s e ns itive  
da ta s e ts .

Amazon Science ge ne ra te s  s ynthe tic  da ta  to  
ove rc ome  c ha lle nge s  with e xpe ns ive  and  
c omple x da ta  c olle c tion.

JP Morgan’s AI Research team us e s  
s ynthe tic  da ta  to  de te c t fraudule nt 
trans ac tions  and  tra in op tion trad ing  mode ls . 

UK National Health Service (NHS) is  s ha ring  
a  s ynthe tic  da ta  ge ne ra tion mode l (SynthVAE) 
to  c re a te  moc k pa tie nt da ta .

Synthe tic  da ta  ge ne ra tion marke t s ize  (USD Billion)

Synthetic data use is rising in Tech, Finance and Healthcare



Synthetic 
demand data
can provide
granular 
visibility to 
enhance 
bottom -up 
modelling



Faraday uses GenAI to release smart meter data, securely



Powered by Variational Autoencoder + 
Gaussian Mixture Modelling

● The  e nc ode r maps  re a l da ta  into  la te nt s pac e .

● A Gaus s ian Mixture  Mode l (GMM) is  the n 
tra ine d  on the  d is tribution of the  la te nt s pac e .

● During  infe re nc e , random s ample s  a re  d rawn 
from the  GMM and  de c ode d  with the  
de c ode r.

Modifications to VAE

MMD Los s  ins te ad  of KL- Dive rge nc e  Los s  to  hand le  
the  non- norma l d is tribution of s mart me te r da ta .

Los s  te rms  a ls o  inc lude  quantile  los s e s  a t 5th
And  9 5th quantile s  to  improve  re p re s e nta tion a t the  
e xtre me s , an inte re s t for g rid  re s e a rc he rs .

Model is trained with 4 T4 GPUs on Vertex AI

Tota l tra ining  time  for v4  is  ~  12  hours  for both VAE 
and  GMM ove r 250  e poc hs  on 1.8 Bn s mart me te r 
re ad ings .



Protecting privacy, producing useful outputs

Eva lua tion fra me works  ma tte r for 
p roduc ing  us e ful outputs  tha t s till 
p rote c t p riva c y

Fidelity : how we ll the  s ta tis tic a l d is tribution re p re s e nts  
the  re a l da ta s e t.

Utility : how us e ful s ynthe tic  da ta  is  whe n us e d  in re a l-
world  app lic a tions

Privacy : like lihood  of p riva te  da ta  le akage , te s ting  
da ta s e ts  by launc hing  p rivac y a ttac ks .



Suitable for a 
variety of 
applications  
from 
consumers to 
power system 
operators



Building a Digital Twin for Birmingham

Compa ring  Fa ra da y outputs  to  four s ubs ta tions  
in  Birmingha m, re s e a rc he rs  found  tha t the  
timing  a nd  ma gnitude  of pe a ks  a ligne d  we ll.

Re s e a rc he rs  a t the  Unive rs ity of Birmingha m us e d  
Fa ra da y to  te s t hype r- loc a l de ma nd  mode lling  for 
ne twork monitoring  of low volta ge  s ubs ta tions .



Liande r, a  Dis tribution Sys te m Ope ra tor in  the  
Ne the rlands , has  a  d is tribution ne twork of more  
than 10  million node s .

Only 2 ,0 0 0  node s  a re  e quippe d  with g rid  
me as ure me nts  - 8 0 %  of whic h we re  only 
ins ta lle d  within the  la s t ye a r.

Liande r is  e xp loring  how AI- ge ne ra te d  s ynthe tic  
da ta  c ould  re c ons truc t c us tome r powe r and  
voltage  tha t c an be  us e d  a s  ps e udo 
me as ure me nts  in  s ta te - e s tima tion a lgorithms .

Managing grid congestion in the Netherlands



Modelling the impact of clean tech on bills

Ne s ta  us e d  Fa raday e ne rgy c ons umption da ta , 
c ombine d  with p ric e  c ap  and  ta riff da ta , to  
mode l how c le an te c h a ffe c ts  b ills .

He a t pump, s o la r and  home  ba tte rie s  home s  
have  the  lowe s t ave rage  annua l b ill, 
£1,0 0 0 /ye a r c he ape r than hous e holds  with gas  
boile rs .

Ana lys is  was  fe a ture d  in the  Guard ian and  
Carbon Brie f, c o inc id ing  with the  pub lic a tion of 
the  UK gove rnme nt’s  flags hip  Warm Home s  
Plan.



Shared openly

Supporte d  by
The Linux Foundation

Empowe ring  da ta  holde rs  a nd  
c ommunity me mbe rs  to  ge ne ra te  
a nd  s ha re  s ynthe tic  da ta  a nd  
improve  a nd  s ha re  a lgorithms .

Open source community for synthetic energy data

AI- generated and AI -
ready grid data

Community
For qua lity a s s ura nc e , e s pe c ia lly to  
e ns ure  p riva c y is  p rote c te d .

Model repository
To hos t ope n- s ourc e  a lgorithms  for 
ge ne ra ting  s ynthe tic  da ta .

Data repository
To hos t s ynthe tic  da ta s e ts  
c ontribute d  by da ta  owne rs .



Use the Data
Includes real, cleaned data from the UK, Australia, 
Germany and Netherlands, and synthetic data for the UK

Develop and Deploy Models
Includes the Generative AI models Faraday (CNZ) and 
EnergyDiff (TU Delft), and RTE7000

Let’s work together to develop the ecosystem

Implement Applications
Summary and full policy paper: Synthetic Data for Smart 
Energy: Applications for AI-Generated Smart Meter Data



Thank you

Contact details

@Ce ntre Ne tZe ro

c e ntre - for- ne t- ze ro

www.c e ntre forne tze ro .or
g

info@c e ntre forne tze ro.org

@c e ntre forne tze ro .bs ky.s oc ia l

http://www.centrefornetzero.org
mailto:info@centrefornetzero.org
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