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OBJECTIVES
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• Ca n low cos t  s e ns ors  (LCS) 
be  re lia b ly us e d  to  m e a s ure  
indoor AQ e xpos ure  in  re a l 

world? 
• Wha t 's  the  im pa c t  o f LCS?

• Da ta  driving  im pa c t  a nd  
be ha viour?

• It  p re s e nts  a  fra m e work in o rde r to  
de te rm ine  re a l-world  indoor PM e xpos ure  

from  the  us e  o f re s ide nt ia l he a t ing  
s tove s .

• De te c t  a nd  ide nt ify the  e xis te nce  o f pe a k 
indoor PM2.5 ,PM1, a nd  PNC le ve ls  a s  a  

re s ult  o f s tove  us e .

He a lth ris ks  pos e d  during  
norm a l ope ra t ion a nd , in  

turn, whe the r DEFRA te s t ing  
s ta nda rds  ne e d  

m odific a t ion in  light  o f this  
re a lity.



ACCURACY
Methods

MONITORING
• P M s e ns ors p la c e d indoors in the vic inity o f 20 diffe re nt

s tove s a nd outdoors , re c o rd ing ove r four we e ks .
• Pa rt ic ipa nts a ls o c om ple te d a re s e a rc h d ia ry provid ing

info rm a tion on t im e lit , a m ount a nd type of fue l us e d ,
dura t ion o f us e , e tc .



RESULT

PM1

PNC

On a ve ra ge , s tove s  we re  us e d  fo r a  dura t ion o f a pproxim a te ly 4  hours , with  m os t  hous e ho lds  us ing  the ir s tove  be twe e n 6  pm  
a nd  10  pm ; during  whic h a bout  9 .07  p ie c e s  o f fue l we re  c ons um e d. The  pe a k c onc e ntra t ions  o f PM2.5  a nd  PM1 we re  obs e rve d  
to  be  27 .34  µg/ m ³  a nd  19 .44  µg/ m ³  re s pe c t ive ly, while  the  m e a n c onc e ntra t ions  o f PM2.5  a nd  PM1 we re  12 .21  µg/ m ³  a nd  8 .34  
µg/ m ³  re s pe c t ive ly. Addit iona lly, a n a ve ra ge  o f 10 .37  p ie c e s  o f kind ling  wa s  us e d . 

Result   1



Dramatic Spike  when 
Refueling

• Ave ra ge indoor PM2.5 le ve ls s oa r by
a whopping 196 .23%, while PM1
le ve ls s kyroc ke t by 227 .80%.

• Som e us e rs a re e xpos e d to pe a k
PM2.5 le ve ls re a c hing a n a la rm ing
160 µg/ m ³ .

• Whe n s tove s a re in us e , PM2.5
le ve ls inc re a s e by 432.91% a nd PM1
le ve ls by 281 .22% c om pa re d to non-
us a ge da ys .

BOTTOM LINE, STOVE USE SIGNIFICANTLY COMPROMISES INDOOR AIR QUALITY, AND CALLS F  
IMMEDIATE INTERVENTIONS.

Result  2



FLOODING OF 
PM INDOORS

• A s trong correla tion (r = 0.75) between hourly peak 
PM2.5 and PM1 and daily mean PM2.5 and PM1.

• Hourly peak mean PM2.5 (27.34 μg/ m³) and PM1 
(19.44 μg/ m³) tower over daily mean PM2.5 (12.21 
μg/ m³) and PM1 (8.34 μg/ m³) by an as tonis hing 
123.91% and 133.09% res pectively.

Hourly Peaks  vs . Daily Averages  in PM Levels

PM1



Result  3

INDOOR VS. OUTDOOR AIR QUALITY 
• The va ria t ion in indoor a nd outdoor va lue s is

c ons ide ra b le , e s pe c ia lly be twe e n 10-45 μg/ m ³
c onc e ntra t ion le ve ls . Indoor le ve ls s te a l the
s how by be ing s ignific a nt ly highe r.

• We a k c orre la t ion (R² = 0 .19) be twe e n indoor
a nd outdoor P M2.5 le ve ls ind ic a te s tha t
outdoor a ir qua lity is n 't the c ulprit be hind the
e le va te d indoor po llut ion.

• While indoor PM2.5 le ve ls c ould im pa c t outdoor
a ir, th is s tudy didn 't m e a s ure c him ne y/ flue
e m is s ions . Future inve s t iga t ions a re ne e de d to
unve il the influe nc e of indoor po llut ion on
outdoor a ir qua lity.



PEAKS MATTER

OBJECTIVES

MISSED 
IN 

ACTION
• P olic ym a king  a nd  

s tud ie s  la rge ly 
ove rlook s hort-te rm  

P M pe a ks !
• Cold  Sta rk Da ta

Hourly a ve ra ge s  ha ve  be e n 
the  foc a l po int , le a ving  s hort-

te rm  high e xpos ure s  unde r the  
ra da r. This  c a n le a d  to  a n 

unde re s t im a tion o f po te ntia l 
he a lth ris ks .

CALL TO 
ACTION
• Le t 's  Unc ove r The  

Hidde n Ris ks !

This  s tudy urge s  the  
s c ie nt ific  c om m unity to  

in te ns ify indoor AQ 
s ta nda rds  on s hort-te rm  

pe a k P M e xpos ure .  
inc re a s e d  ris ks .



Wood burne rs  t rip le  ha rm ful 
indoor a ir po llut ion.

Cha kra borty

Wood burning  s tove s , pa rt ic ipa to ry s e ns ing , a nd  
‘co ld , s ta rk da ta ’

He ydon, J ., Cha kra borty, R. 
ht tps :/ / do i.o rg / 10 .1007/ s 43545-022-00525-2

Burne r Ale rt  v1  She ffie ld
v2  Na tiona l

2021 2022 2023

BURNERALERT.ORG
To create a  regulatory tool - Firs t of its  kind in the 

UK.
https://www.theguardian.com/environment/2022/jan/28/what-can-cities-do-when-air-pollution-
soars-and-what-works by Dr Gary Fuller

https://www.theguardian.com/environment/2022/jan/28/what-can-cities-do-when-air-pollution-soars-and-what-works


More  tha n 200  s e ns o rs  
we re  de ploye d  in  She ffie ld  
through c it ize n s c ie nc e  
works hops  a nd  Urba n 
Flows  Ne twork a t  
Unive rs ity o f She ffie ld

SHEFFIELD

Spatiotemporal Model Evaluation
• Several ML and Statis tical temporal forecas ting models  were evaluated on a  

deployed and calibrated low cos t s ens or network, with RNN-LSTM (MAE 3.8) coming 
on top with GRU (MAE 3.7). 

• A multi s tep hybrid ConvLSTM Model was  created bas ed on low cos t s ens or network to 
create a  s patiotemporal forecas ting model. Gaus s ian Model quanitification and 

uncerta inties  calculated independently for LCS. 

For the current v2 national level, 
harness ing ground-based observations  

governmental s ites , extens ive traffic data , 
and comprehens ive meteorological data, 
Burner Alert's  machine learning algorithm 

provide pos t code wise pm levels  and 
comes  with further ins tructions . 



CONCLUSION

Rohit  Chakr abor t y

• PM le ve ls flooding indoors whe n re fue lling by
up to 400% during us e , e xpos ing hom e s to a n
invis ib le c loud of pa rt ic le s

• PM hurric a ne whe n door a ja r, pe a king a t
ne a rly 10 ,000 pa rt ic le s / 0 .1L!

• Stove de s igns a nd DEFRA's s ta nda rds ne e d a
re kind le ult im a te ly le a d ing to a c om ple te ba n.

THANK YOU
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