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Quest i ons t o be 

Asked & Answer ed
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LAME HUMOR ALERT  ! !

What  do you get  when you cr oss a 

l ovesi ck el ephant  wi t h a r hi nocer os?
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BURNING QUESTIONS

Is condensi ng l at ent  heat  out  of  t he 

combust i on gases of  a boi l er  

desi r abl e?

Why ar e we i nt er est ed i n t he r et ur n 

wat er  t emper at ur e f or  a boi l er  syst em?

What is “excess air” and why do boilers need

to operate with some “excess air”?
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Measured Combust i on Ef f i ci ency?

?
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Measured Combust i on Ef f i ci ency?

The per cent  of  t he t her mal  ener gy i n 

t he f uel  bur ned i s NOT i n t he st ack 

gases 
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Where i s t he energy goi ng t hat  i s not  i n 

t he st ack gases?

???
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Where i s t he energy goi ng t hat  i s not  i n 

t he st ack gases?

Int o t he boi l er  wat er

Int o t he mass of  t he met al  maki ng up 

t he boi l er

Lost  f r om t he sur f ace of  t he boi l er  
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Where do you want  t he energy t o be?

In the boiler water or the water serving the

building’s di st r i but i on l oop
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What  af f ect s how much heat  i s 
t ransf erred t o t he wat er?

??
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What  af f ect s how much heat  i s 
t ransf erred t o t he wat er?

Fl ow r at e of  t he wat er  ent er i ng and 

passi ng t hr ough t he boi l er

Temper at ur e of  t he ent er i ng wat er
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In rout i ne operat i on of  a cast  i ron 
boi l er f rom where does t hi s wat er come?

( Assume si ngl e suppl y,  si ngl e ret urn 

boi l er syst em)
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In rout i ne operat i on of  a cast  i ron 

boi l er ,  f rom where does t hi s wat er come?

( Assume si ngl e suppl y,  si ngl e ret urn 

boi l er syst em)

The r et ur n wat er  f r om t he bui l di ng 

heat i ng l oop
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At  what  t emperat ures?

Gi ve r ange.
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At  what  t emperat ures?

Gi ve r ange.

135 F t o 160 F.  

Why i s t he l ow end of  t he r ange so hi gh?
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At  what  t emperat ures?

Gi ve r ange.

135 F t o 160 F.  

Why i s t he l ow end of  t he r ange so hi gh?

To avoid condensation of “icky” t hi ngs 

f r om t he combust i on gases 
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Why i s t he l ow end of  t he r ange so hi gh?

To avoid condensation of “icky” t hi ngs 

f r om t he combust i on gases 
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Why i s t he l ow end of  t he r ange so hi gh?

To avoid condensation of “icky” t hi ngs 

f r om t he combust i on gases 

Icky = ?
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Why i s t he l ow end of  t he r ange so hi gh?

To avoid condensation of “icky” t hi ngs 

f r om t he combust i on gases 

Icky = Sul f ur i c aci d,  et c.  

Whi ch does what ?
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Why i s t he l ow end of  t he range so hi gh?

To avoid condensation of “icky” t hi ngs 

f r om t he combust i on gases 

Icky = Sul f ur i c aci d,  et c.  

Whi ch does what ?
Cor r odes cast  i r on of  boi l er  and 

gal vani zed met al  of  t he exhaust  st ack.
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Condensi ng Boi l er 

In rout i ne operat i on,  what  t emperat ures 

may t he ret urn wat er be?



Slide 23

Condensi ng Boi l er 

In rout i ne operat i on,  what  t emperat ures 

may t he ret urn wat er be?

80 F to… 140 F  or  i s t he hi gh up t o 180 F?
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Why can t he l ow t emperat ure be l ower i n a 
condensi ng boi l er t han a st andard boi l er?
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Why can t he l ow t emperat ure be l ower i n a 
condensi ng boi l er t han a st andard boi l er?

Hi nt :  Mat er i al s
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Why can t he l ow t emperat ure be l ower i n a 
condensi ng boi l er t han a st andard boi l er?

Hi nt :  Mat er i al s

Condensi ng boi l er s ar e const r uct ed 

wi t h st ai nl ess st eel  component s whi ch 

can t ol er at e exposur e t o t he aci di c 

condensat e.
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Tr i ck Quest i on

In rout i ne operat i on of  a condensi ng

boi l er ,  can ret urn wat er t emperat ures 

be as hi gh as 160 F?
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Tr i ck Quest i on

In rout i ne operat i on of  a condensi ng

boi l er ,  can ret urn wat er t emperat ures 

be as hi gh as 160 F?

Answer :   In a boi l er  desi gned f or  

condensi ng oper at i on,  t he boi l er  may 

oper at e wi t h r et ur n wat er  t emper at ur es 

hi gher  t han 135 F.   But . . . . ?
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Answer

In a boi l er  desi gned f or  condensi ng 

oper at i on,  t he boi l er  may oper at e wi t h 

r et ur n wat er  t emper at ur es hi gher  t han 135 
F.  

But ,  when so oper at ed,  i t  wi l l  not  

act ual l y be condensi ng because? 
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Answer

In a boi l er  desi gned f or  condensi ng 

oper at i on,  t he boi l er  may oper at e wi t h 

r et ur n wat er  t emper at ur es hi gher  t han 135
F.  

But ,  when so oper at ed,  i t  wi l l  not  

act ual l y be condensi ng because:  t he 

l at ent  heat  i n t he exhaust  requi res 

l ower st ack t emperat ures t o condense.
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More on Condensi ng Boi l ers Lat er

Our  second speaker ,  Roger  Har r i s,  wi l l  

go i nt o gr eat  det ai l  about  condensi ng 

boi l er s i n hi s pr esent at i on i n t he 

second hal f  of  t hi s sessi on.
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Combust i on

What  det ermi nes how much t hermal  energy 

i s l ef t  i n t he st ack gases?

?
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Combust i on

What  det ermi nes how much t hermal  energy 

i s l ef t  i n t he st ack gases?
How hot the fluid in the stack is

How much total flow there is through the stack 

What’s i n t he gases t hat  go up t he 

st ack?
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What  det ermi nes how much t hermal  energy 

i s l ef t  i n t he st ack gases?

How hot the fluid in the stack is

How much total flow there is through the stack 

What’s i n t he gases t hat  go up t he 

st ack?

Combustion products, excess air (nitrogen, 

oxygen), water vapor
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Excess Ai r

Why i s t here excess ai r?
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Excess Ai r?

Why do we need t o have a l i t t l e excess 
ai r?  

Why have more t han t he st oi chi omet r i c 
amount ?
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Excess Ai r?

Why do we need t o have a l i t t l e excess 

ai r?  

Why have more t han t he st oi chi omet r i c 

amount ?

(To avoid having to pronounce 

stoichiometric? )  
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Excess Ai r?

Why do we need t o have a l i t t l e excess 

ai r?

Because the mixing and burning of fuel and air 

is imperfect

What  happens t o boi l er  per f or mance when 

t her e i s t oo much excess ai r ?
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Too Much Excess Ai r?

What  happens t o a boi l er when t here i s 

t oo much excess ai r?

Reduces stack temperature by diluting the 

combustion gases with excess room air, 

Reduces combustion efficiency
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Too Li t t l e Excess Ai r?

?
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Too Li t t l e Excess Ai r?

Soot, smoke, 

Carbon monoxide, other bad things
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Par t  II:

Eval uat i ng t he Savi ngs

Achi eved By

Bur ner  Cont r ol s
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Goal s 

Combust i on t heor y basi cs

Descr i be how bur ner s wor k

Descr i be t he 

Li mi t at i ons of  mechani cal  l i nkages

Capabi l i t i es of  el ect r i c act uat or  cont r ol s

Di scuss speci f i c bur ner  cont r ol  syst ems

Measur i ng per f or mance & gas usage

Exi st i ng case
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Combust i on Theor y Basi cs

Combust i on?
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Combust i on Theor y Basi cs

Combust i on?

Combi ni ng ( bur ni ng)  a f uel  wi t h ai r  

r esul t i ng i n hot  exhaust  gases

Desi r abl e Heat  Tr ansf er ?
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Combust i on Theor y Basi cs

Combust i on?

Combi ni ng ( bur ni ng)  a f uel  wi t h ai r  

r esul t i ng i n hot  exhaust  gases

Desi r abl e Heat  Tr ansf er ?

Heat  t r ansf er  f r om gas gases t o t he wal l s 

of  t he t ubes and t hen t o t he boi l er  wat er

What  t hen happens t o t he wat er ?
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Combust i on

Combust i on?

Combi ni ng ( bur ni ng)  a f uel  wi t h ai r  

r esul t i ng i n hot  exhaust  gases

Desi r abl e Heat  Tr ansf er ?

Heat  t r ansf er  f r om gas gases t o t he wal l s 

of  t he t ubes and t hen t o t he boi l er  wat er

What then happens to the water? It gets hot and

may boil…
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Combust i on Theor y Basi cs

What then happens to the water? It gets hot and

may boil…

What  det er mi nes whet her  i t  boi l s or  not ?
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Combust i on Theor y Basi cs

What then happens to the water? It gets hot and
may boil…

What  det er mi nes whet her  i t  boi l s or  not ?

How much heat  i s suppl i ed

Resul t i ng t emper at ur e and pr essur e i n t he 
boi l er

Why does a hydr oni c boi l er  not  make st eam?
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Combust i on Theor y Basi cs

What then happens to the water? It gets hot and
may boil…

What  det er mi nes whet her  i t  boi l s or  not ?

How much heat  i s suppl i ed

Resul t i ng t emper at ur e and pr essur e i n t he 
boi l er

Why does a hydr oni c boi l er  not  make 
st eam?    Hi gh Pr essur e
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Combust i on Theor y Basi cs

What  i s combust i on ef f i ci ency?
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Combust i on Theor y Basi cs

What  i s combust i on ef f i ci ency?

Usef ul  ener gy out put / Tot al  ener gy i nput

What  i s t he usef ul  ener gy i n t hi s case?
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Combust i on Theor y Basi cs

What  i s combust i on ef f i ci ency?

Usef ul  ener gy out put / Tot al  ener gy i nput

What  i s t he usef ul  ener gy i n t hi s case?

The hot  wat er  or  st eam pr oduced

Wher e does t he r est  of  t he ener gy go?
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Combust i on Theor y Basi cs

What  i s combust i on ef f i ci ency?

Usef ul  ener gy out put / Tot al  ener gy i nput

What  i s t he usef ul  ener gy i n t hi s case?

The hot  wat er  or  st eam pr oduced

Wher e does t he r est  of  t he ener gy go?

Nowher e.

Huh?
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Combust i on Theor y Basi cs

What  i s combust i on ef f i ci ency?

Usef ul  ener gy out put / Tot al  ener gy i nput

What  i s t he usef ul  ener gy i n t hi s case?

The hot  wat er  or  st eam pr oduced

Wher e does t he r est  of  t he ener gy go?

Nowher e.

Huh?

It  st ays wher e i t  has been whi ch i s wher e?
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Combust i on Theor y Basi cs

Wher e does t he r est  of  t he ener gy go?

Nowher e.

Huh?

It  st ays wher e i t  has been,  i n t he hot  

gases

What  do we do wi t h t hese hot  gases?
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Combust i on Theor y Basi cs

Wher e does t he r est  of  t he ener gy go?

Nowher e.

Huh?

It  st ays wher e i t  has been,  i n t he hot  

gases

What  do we do wi t h t hese hot  gases?

Exhaust  t hem up t he chi mney
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Combust i on Theor y Basi cs

We exhaust  hot  gases up t he chi mney because?

Mul t i pl e choi ce:

_ A.  It  i s cheaper  t o make boi l er s t hat  have hot  

exhaust

_ B.  Fuel  wast e i s good f or  t he economy

_ C.   The boi l er  i s l i mi t ed by t her modynami c l aws 

& t her e must  al ways be some wast e heat

_ D.  If  t he gases wer e cool er ,  t hey woul d make 
t he chi mney “yucci f y” and the boiler to

“croak”



Slide 59

Combust i on Theor y Basi cs

We exhaust  hot  gases up t he chi mney because?

Mul t i pl e choi ce:

_ A.  It  i s cheaper  t o make boi l er s t hat  have hot  
exhaust

_ B.  Fuel  wast e i s good f or  t he economy

_ C.   The boi l er  i s l i mi t ed by t her modynami c l aws 
& t her e must  al ways be some wast e heat

_ D. If the gases were cooler, they would make the
chimney “yucci f y” and the boiler to “croak”

_ Answer :  D,  A,  and a l i t t l e C
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Combust i on Theor y Basi cs

If  t he gases wer e cool ed enough

t he aci di c par t s of  t he  exhaust  wi l l  condense

_ on t he chi mney 

_ on t he boi l er  heat  t r ansf er  sur f aces

And damage t hem 
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Combust i on Theor y Basi cs

To ensur e compl et e combust i on of  t he f uel  used,  combust i on 
chamber s ar e suppl i ed wi t h excess ai r .

Excess ai r  i ncr eases t he amount  of  oxygen and t he pr obabi l i t y 
of  combust i on of  al l  f uel .  

When f uel  and oxygen i n t he ai r  ar e i n per f ect l y bal ance - t he 
combust i on i s sai d t o be st oi chi omet r i c .

The combust i on ef f i ci ency wi l l  i ncr ease wi t h i ncr eased excess 
ai r ,  unt i l  t he heat  l oss i n t he excess ai r  i s l ar ger  t han t han
t he heat  pr ovi ded by mor e ef f i ci ent  combust i on.

Typi cal  excess ai r  t o achi eve hi ghest  ef f i ci ency f or  di f f er ent  
f uel s ar e 

5 - 10% f or  nat ur al  gas 

5 - 20% f or  f uel  oi l  
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Combust i on Theor y Basi cs

Appr oxi mat e Mi ni mum Gas Temper at ur es 

t o Avoi d Cor r osi on Pr obl ems

Nat ur al  Gas- 220 F

Oil Fuel – Typi cal  sul f ur  %, > 2. 5% S  390 F

Oil Fuel –Low sul f ur  %,  < 1. 5% S 330 F
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Combust i on Theor y Basi cs
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Combust i on Theor y Basi cs

Car bon di oxi de - CO2 - i s a pr oduct  of  t he 

combust i on and t he cont ent  i n t he f l ue gas 

i s an i mpor t ant  i ndi cat i on of  t he combust i on 

ef f i ci ency.

Af t er  combust i on:

Opt i mal  cont ent  of  car bon di oxi de - CO2 –

~10% f or  nat ur al  gas

~13% f or  l i ght  oi l s.
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Combust i on Theor y Basi cs

What  i s t he r el at i onshi p of  t he st ack gas 

per cent ages of :

CO2?

Oxygen?
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Combust i on Theor y Basi cs

What  i s t he r el at i onshi p of  t he 

st ack gas per cent ages of :

CO2?

Oxygen?
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Combust i on Theor y Basi cs
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Combust i on Theor y Basi cs

Take a l ook at  t he Combust i on char t  

agai n
Wi t h r egar d t o ef f i ci ency:

_ What  i s t he i mpact  of  oxygen l evel s?

_ At  what  l evel  of  excess oxygen become maxi mum?

_ What  happens t o ef f i ci ency when t her e i s t oo 

l i t t l e oxygen?
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Combust i on Theor y Basi cs
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Combust i on Theor y Basi cs

Normal combustion efficiencies for natural gas at different amounts of excess air and flue gas 
temperatures are indicated  below: 

Combustion Efficiency (%) 

Excess % Flue Gas Temperature (
o
F) 

Air Oxygen 200 300 400 500 600 

9.5 2.0 85.4 83.1 80.8 78.4 76.0 

15 3.0 85.2 82.8 80.4 77.9 75.4 

28.1 5.0 84.7 82.1 79.5 76.7 74.0 

44.9 7.0 84.1 81.2 78.2 75.2 72.1 

81.6 10.0 82.8 79.3 75.6 71.9 68.2 
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

Funct i ons?

Opt i mi ze ai r / f uel  r at i o 

_ How?
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

Funct i ons?

Opt i mi ze ai r / f uel  r at i o 

_ Insur e compl et e f uel  combust i on 

_ Mai nt ai n opt i mal  excess- ai r  l evel s

_ Mai nt ai n t ar get  boi l er  t emper at ur e or  

pr essur e 
· Readj ust  r espond qui ckl y t o changes i n ext er nal  

condi t i ons 

_ Bar omet r i c pr essur e

_ Wi nd

_ Ot her
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

Ol d way:   

Adj ust abl e l i nkages 

_ Connect i ng r ods r egul at e 

· Fuel  val ve 

· Ai r  damper  openi ng

_ Unst abl e ef f i ci enci es:

· Cannot  be opt i mi zed f or  al l  condi t i ons 

_ Impr eci se

· Do not  t r ack t he same when

_ Rampi ng up and r ampi ng down
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

New way:   

Li nkage- l ess Act uat or s wi t h Mi cr opr ocessor s

_ El ect r i c act uat or s pr ovi de i ndependent  cont r ol  

of

· Fuel  val ve 

· Ai r  damper  openi ng

_ Pr eci se

· Tr ack t he same when

_ Rampi ng up and r ampi ng down
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

If  add st ack moni t or i ng capabi l i t y
Measur e CO,  CO2,  O2,  NOx,  SOx

Mi cr opr ocessor  cont i nual l y opt i mi zes 

f or  al l  condi t i ons

St abl e ef f i ci enci es acr oss t he 

f i r i ng r ange
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

Quest i on:

Now t hat  you have t hi s super  duper  

cont r ol  how do you appl y i t ?

Shal l  we set  i t  up t o mai nt ai n mi ni mum 

st ack t emper at ur es no mat t er  what ?

How wel l  can we do?

Assume a t ypi cal  cast - i r on boi l er

What  ef f i ci ency can we t ar get ?
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

Quest i on:  Wi t h t hese bur ner  cont r ol s,
What  ef f i ci ency can we t ar get ?

105%
100%
96%
92%
88%
86%
85%
84%or  l ess
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

Quest i on:  Wi t h t hese bur ner  cont r ol s,
What  st ack t emper at ur e can we t ar get ?

100 F

150 F

200 F

250 F

300 F

350 F

400 F
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

Quest i on:  Wi t h t hese bur ner  cont r ol s,

What  O2% l evel  can we t ar get ?

_ 0% or  l ess

_ . 5%

_ 1%

_ 1. 5%

_ 2%

_ 2. 5%

_ 3. 0% 

_ 3. 5% 

_ 4 % or  mor e
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

Quest i on:  Wi t h t hese bur ner  cont r ol s,

What  % savi ngs can we achi eve?

_ 0% or  l ess

_ 1%

_ 2%

_ 3% 

_ 4%

_ 5%

_ 6%

_ 7%
_ 8% or more
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

The bur ni ng quest i on:  

Wi t h t hese  cont r ol s,

What  % savi ngs can we achi eve?
What  do you need t o know t o est i mat e t he savi ngs 

i n t her ms?
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

The bur ni ng quest i on:  Wi t h t hese  

cont r ol s:
What  % savi ngs can we achi eve?

What  do you need t o know t o est i mat e t he savi ngs?

How many t her ms i s t he boi l er  usi ng now?
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

The bur ni ng quest i on:  

Wi t h t hese  cont r ol s,
What  % savi ngs can we achi eve?

What  do you need t o know t o est i mat e t he savi ngs?

How many t her ms i s t he boi l er  usi ng now?

What  t ype of  boi l er  i s i t ? 

What  t ype of  bur ner  cont r ol s does i t  have now?

What  i s t he key si ngl e- most  i mpor t ant  quest i on t o 

answer  about  t he exi st i ng boi l er ?
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

The bur ni ng quest i on wi t h t hese  

cont r ol s,
What  % savi ngs can we achi eve?

What  i s t he key si ngl e- most  i mpor t ant  quest i on t o 

answer  about  t he exi st i ng boi l er ?

Answer :  What  ef f i ci ency i s i t  oper at i ng at  now?

You can’t eval uat e savi ngs meani ngf ul l y unl ess you 

know t he answer  t o t hi s quest i on.



Slide 85

Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

The new ( gr ammat i cal l y opt i mi zed) bur ni ng quest i on:  

At  what  ef f i ci ency i s i t  oper at i ng now?

How do we f i nd out ?
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Bur ner  Cont r ol s

f or  Cont r ol l i ng Ai r  & Fuel

The new ( gr ammat i cal l y opt i mi zed) bur ni ng quest i on:  

At  what  ef f i ci ency i s i t  oper at i ng now?

How do we f i nd out ?

Test  i t .



Slide 87

Questions?

???
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Energy Engineering Services for 

Massachusetts 

& the Northeast Since 1990 

Phone: 413-342-9352 
bart.balesenergy@gmail.com 

B A L E S  E N E R G Y  A S S O C I A T E S  

Bart Bales PE MSME 
Senior Engineer 

BEA 

Thank you.


