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INTRODUCTION — The maple sap 

evaporator is probably the single most 

expensive apparatus in maple syrup 

production. Its energy requirement also 

makes it costly to operate. The evaluation 

of its energy efficiency is a valuable tool 

that can be used to monitor and improve 

its performance. A further analysis of 

efficiency will also allow a minimization of 

energy cost in the production of maple 

syrup. 

According to a global energy balance of 

the oil-fired evaporator, energy efficiency 

is defined as the relationship between the 

total energy actually used by the 

evaporator to boil sap/concentrate and 

produce maple syrup and the total energy 

supplied to the evaporator. These 

energies are identified by arrows in Figure 

1. 

The energy is supplied by the combustion 

of fuel oil, but because of unavoidable 

energy losses, even the most efficient 

system will have an energy efficiency 

inferior to 100%. The most important 

energy loss results from the heat lost up 

the stack as hot dry gas. Other losses 

include heat loss through the arch, as 

well as heat loss due to an incomplete 

combustion, which results in the 

presence of smoke (soot) in stack gas. 

The motivation that should incite maple 

syrup producers to keep a rigorous record 

of the energy efficiency of their 

evaporator and to take measures to 

optimize it is an increase in control and 

possible reduction of cost in producing 

maple syrup. In general, an increase in 

the evaporator’s energy efficiency of 10% 

should translate into a gain of at least 

13% on the cost of producing one mass 

unit of maple syrup ($/pound of maple 

syrup). For example, for a sap concentrate 

a t  8  °Br ix ,  a  20% 

improvement in energy 

efficiency (from 50% to 70%) 

would decrease the cost of 

p r o d u c i n g  s y r u p  b y 

10¢/pound of maple syrup (or 

approximately $40/maple 

syrup barrel), assuming the 

price of fuel oil to be 

75¢/litre. The savings would 

however be of 17 ¢/pound of 

maple syrup (or approximately 

$70/barrel) if the price of fuel 

oil was $1.25/litre. The savings 

in terms of cost of evaporation 

would result in additional income for the 

maple syrup producers because all other 

costs remain the same. Moreover, the 
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Figure 1 — Global energy balance of an oil -fired 

evaporator 



energy optimization of evaporators contributes to the 

reduction of greenhouse gas emissions. 

HOW TO QUALIFY ENERGY EFFICIENCY OF EVAPORATORS —  

The ACER Center has implemented an easy-to-use protocol 

to standardize the energy efficiency qualification of 

evaporators heated by fuel oil. This protocol provides the 

steps to follow in order to qualify the energy efficiency of this 

apparatus and includes the following sections: 

Technical data compilation: this section contains tables 

that must be completed in order to compile potentially 

useful technical data of the evaporator. 

Evaporation rate (test): this section presents the method 

to follow to determine the evaporator’s performance 

with pure water as well as with maple sap.  The 

functionality tests, such as the pure water evaporation 

rate, the stack temperature, the draft inside the 

combustion chamber, C02 level, combustion efficiency, 

etc. are also validated in this section. 

Instantaneous energy efficiency: this section describes 

the calculation necessary to evaluate the instantaneous 

energy efficiency of an evaporator. The energy efficiency 

is determined from data obtained during the evaporation 

rate test, such as solution characteristics, fuel oil 

consumption, evaporation rate, solution feed 

temperature, etc. 

Sap preheater: the steps to follow to evaluate the effect 

of preheating on the instantaneous energy efficiency of 

the evaporator are listed in this section. 

Diagnostic: this section is used to compile the results 

from the functionality tests. 

The full protocol, videos describing each step of the 

procedure, and the Excel worksheet are available in French 

at: 

http://www.centreacer.qc.ca/publications/ProtocolesVideos

/ProtocoleVideo.html 
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For a sap concentrate at 8 °Brix, a 20% 

improvement in energy efficiency (from 

50% to 70%) would decrease the 

evaporation cost by 17¢ per pound of 

maple syrup produced or approximately 

$40 per maple syrup barrel, assuming the 

price of fuel oil to be 1.25¢/litre.  

Table 1— Reference values for functionality tests.  

HOW TO OPTIMIZE ENERGY EFFICIENCY OF EVAPORATORS  — 

Once the diagnostic is completed, the values obtained from the 

functionality tests are compared with reference values (Table 

1). These reference values were drawn from the "Cahier de 

Transfert Technologique en Acériculture" (Allard and Belzile, 

2004). In order to improve the energy efficiency of evaporators, 

iterative steps can be taken to modify their operating conditions 

(Figure 2). These modified operating conditions will narrow the 

discrepancy between the measured values and the reference 

values. 

Some important actions to be taken to help optimize energy 

efficiency are: 

Installation of a permanent stack thermometer; 

Installation of a barometric damper able to provide the same 

draft in all conditions; 

Burner adjustment following the manufacturer’s 

recommendations (optimization of the air-fuel mixture); 

Decrease in the flowrate of fuel oil (change nozzles); 

Verification of the combustion chamber’s refractory 

characteristics; 

Performance verification of the preheater and steam hood. 

CONCLUSION — The intended functional requirements of oil-

fired evaporators, in particular the energy requirements, can be 

verified by performing simple functionality tests. Following these 

tests, implementing an optimisation strategy can significantly 

improve the energy efficiency of these apparatus. This 

improvement in energy efficiency will not only reduce the 

cost of evaporation, but also decrease greenhouse gas 

emissions.  

 

 

 

Figure 2—Energy optimization strategy for oil -fired evaporators 

used in sugarbushes. 

PARAMETER REFERENCE VALUE 

Evaporation rate (imperial gallons/hour) Design target 

Energy efficiency (around 75%) Design target 

Draft inside the combustion chamber (WC’’) - 0.01 to - 0.02 

Stack temperature (°Fahrenheit) 400 to 575 

CO2 level (%) at least 12 

Combustion efficiency (%) 

(typical values depending on air-fuel mixture) 

75 to 85 

Smoke test 0 (Excellent) 

http://www.centreacer.qc.ca/publications/ProtocolesVideos/ProtocoleVideo.html
http://www.centreacer.qc.ca/publications/ProtocolesVideos/ProtocoleVideo.html
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Centre ACER is a non profit organization dedicated entirely to research, 

development and technology transfer in the production of maple products. Its 

mission is to perform research, development and technology transfer primarily of 

public interest contributing to the maple industry development and a sustainable 

use of forest resources; to maintain and develop, in collaboration with the industry 

representatives, the technical and scientific expertise in maple products; to 

participate in the promotion and development of the Quebec maple industry through 

its technological know-how and scientific exchanges. Centre ACER also acts as a 

convergence hub for research, development and technology transfer for maple 

products. 
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