What is the Most Efficient Form of Cooking?
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Which is more energy-efficient to boil water? This $10 plastic electric jug, or a $500 microwave oven? The answer might surprise you!
We recommended either buying or making your own ‘Wonderbag’ type product and using it for an energy-efficient type of slow-cooking yesterday. But what about cooking items when a slow-cook approach is not practical or possible? For example, what is the best way of boiling water?
If you want to boil water, you probably have various choices – you can boil a kettle (or a pot) on a stove top element, you might have an electric jug, you could use an oven, or a microwave oven.
Now it goes without saying that using a regular oven would be a very slow and inappropriate process, but what about the difference between, eg, stove top, an electric jug, and the microwave?
We were able to exactly test the difference between an electric jug and a microwave oven, and we can empirically comment on the stove top as another alternative.
For our testing, we used a microwave oven that had a nameplate power rating of 1560 watts, and an electric jug with a nameplate power rating of 1500 watts. We heated one liter of water in a glass container in the microwave, and one liter of water in the electric jug itself. The electric jug did not have an immersion exposed element, but rather had a smooth base and the element directly below it.
We observed a rise of 34.9°C by the water in the jug, and 19.1°C by the water in the microwave during the two-minute period. We also noted that the water in the jug was slowly continuing to rise at the end of the heating period – this was to be expected because the very hot electric element had some thermal inertia and was continuing to transfer energy after it was switched off.
So, a quick result is that there was almost twice as much net heating from the jug as from the microwave, even though the microwave was drawing slightly more power. That would seem to argue conclusively in favor of using the jug rather than the microwave.
We were interested to know exactly how efficient each process was, so we did the calculation to compare the electrical energy consumed and the thermal energy created.
Two minutes of the jug at 1500 watts represents 50 watt hours of power. Two minutes of the microwave at 1560 watts is 52 watt hours of power.
Increasing the temperature of 1L of water by 34.9 degrees requires 40.52 watt hours of energy. So, for the jug, we got 40.52 watt hours of heat from 50 watts of electricity, which is an 81% efficiency rating.
For the microwave, the 19.1 degree temperature rise required 22.18 watt hours of energy, and we used 52 watt hours to create that. This represents a 43% efficiency.
Clearly, the jug is much better than the microwave for heating water.
Where Did the Rest of the Energy Go?
You might be wondering what happened to the rest of the energy. In the case of the jug, the balance of the energy was probably radiated away from the jug – heat from the sides of the jug, and more heat from its spout at the top. An 81% efficiency rating is actually a reasonably good result.
The microwave’s much greater energy loss requires a bit more explanation. First, we have the efficiency (or perhaps we should say, the inefficiency) of converting electricity to microwave energy. This is generally thought to involve about a 40% loss of energy. So, of the 52 watt hours that went into the microwave unit, 20.8 of them got ‘lost’ in the electronics. More power was spent to spin the turntable, to illuminate the light, and to operate the fan (although these three things are all moderately low power drains).
Not all the microwave energy inside the cavity (and of the 52 watts, probably less than 30 watts actually ended up as microwaves) was absorbed by the water. In addition, just like the heat that was lost out of the top of the electric jug, the open beaker we had the water contained within definitely was allowing heat to escape from the top. If we had some sort of lid to put on the beaker, that would have probably made a measurable improvement.
So, the observed efficiencies are in line with the theoretical estimates of energy losses.
The Best Electric Jug?
If you don’t yet have an electric jug, we’d suggest you consider a plastic one, because the plastic will give you better insulation and have less heat loss through the jug sides than is the case with a pretty nice looking stainless steel one.
Our favorite jug (which is not the one we tested with) is this Proctor unit.[image: http://ir-na.amazon-adsystem.com/e/ir?t=cgp07-20&l=as2&o=1&a=B00023XCWS] It is the one pictured at the top of the article.
It is plastic, it has a small minimum fill requirement, it has a fully exposed element for best heat transfer, and – wow – it is only $9 at Amazon. What a deal that is.
Hidden Microwave Advantages
On the face of it, you’d think there’s never a reason to use a microwave oven instead of a jug when you want to boil water, right?
Well, actually, wrong. If you are boiling a jug, you need to put a minimum amount of water in it, no matter how much water you need to heat up. Indeed, our test jug suggests a 1.3L minimum fill (but note the Proctor unit is happy with only 300 mls).
With the microwave, you only need to put a single cup of water in it, if you are only needing to heat a single cup of water (a cup of coffee requires maybe 400 mls, depending on how large a cup you want). In such cases, this may compensate for the microwave’s lower efficiency.
Stovetop Cooking Considerations
Okay, so that sort of explains the relativity of microwave ovens to electric jugs.
But what about boiling water on the stove top? That is a bit harder to establish without special test equipment and digging in to the stove’s wiring or gas pipes to accurately measure energy consumption, and it also varies from case to case depending on the efficiency of the heat transfer from the heat source to the heat recipient (such things as the size and shape of the pot bottom, the size and shape of the element/burner, etc), the pot material (glass, aluminium, copper, steel, etc) and so on. Two different scenarios could give you two massively different results, with one twice as good/bad as the other.
However, there have been some studies done which have clear and interesting results, and if we assume reasonably optimized setups, we can make some generalizations.
The least efficient form of heating is invariably gas. You are lucky to get about a 35% – 40% efficiency from a gas burner on a stove – that is, for every three units of gas energy, you get one unit of heat transferred into your pot.
Regular smooth flat electric elements are rated as about 70% – 75% efficient, and induction cookers are about 80% – 85% efficient.
Another source claims 55% efficiency for gas, 65% efficiency for regular electric, and 90% efficiency for induction cooking. As we said, a lot depends on the specific setup you’re using. While the numbers are different, the relativity is the same. Gas is the least efficient, regular electric in the middle, and induction way in the front.
In particular, if you have gas, make sure the flames do not spill over the sides of the pot. That’s totally wasted heat. Any time you see the water boiling first around the side of your pot, you know you are wasting gas heat and should turn down the gas.
For electric cooking, make sure the pot bottom sits flat on the element surface, and is clean. Dirt acts as an insulation barrier, and if there are air gaps, then you are heating the air rather than the pot.
Induction Elements
Normally, when electricity is abundant and relatively inexpensive, no-one cares about the greater energy efficiency of an induction cooktop, and you have to be more specific about the types of pots you use with an induction cooktop, too. Many of us also prefer the greater control of gas compared to traditional electric elements, and although gas is less efficient, it is also usually cheaper, per unit of energy, to use gas rather than electricity, so the efficiency issue is sort of cancelled out by the cost saving.
But WTSHTF and all energy becomes scarce and costly, it becomes very beneficial to consider an induction cooker. There are other benefits to induction cooking, too – it is a bit like gas because it too can instantly increase or decrease the energy being applied to your pot, with no ‘thermal lag’ as is the case with regular electricity. It can also do clever things like detect if your pot has boiled dry or not.
The good news is you don’t need to go out and buy a whole new stove top right now. You can simply buy a single free-standing induction cooker. Amazon has them[image: https://ir-na.amazon-adsystem.com/e/ir?t=cgp07-20&l=ur2&o=1] for about $60 – $100, they are available elsewhere too of course.
We see some model induction cooktops are rated at 1300 watts and others at 1800 watts. While you might instinctively go for the 1800 watt unit, there’s a potential small problem there. 1800 watts on 120 volts requires 15 amps of current. So make sure you run it off a 20A rated circuit, and make sure you don’t share the circuit with anything else that consumes much power, or else you’ll trip the circuit breaker.
Needless to say, practice with the induction cooker, so you know its quirks and how to get best (and most energy-efficient) use from it. And make sure you have the appropriate pots to go with it too – ideally pots the same diameter as the induction heating circuit.
Oven Cooking
An oven can be either an efficient or an inefficient means of cooking. It is efficient if you are cooking large amounts of food for a long time; it is inefficient if you are heating up leftovers the next day.
You can sense this without needing to measure, just by doing a thought experiment. Say you turn your oven on and heat it up to 350 degrees, then when it is hot, you put something in and cook it for 45 minutes.
How long does it take to heat the oven to 350°? Probably about 15 minutes, maybe longer. So there is 15 minutes with the oven elements on full, all the time. Your oven probably has 3 kW – 5kW of heating elements; let’s average and say it has a 4 kW heater inside. You’ve used 1 kWh of energy just to heat up the oven prior to cooking in it. If you have a daily energy budget of 10 kWh, you’ve used 10% of it just to heat up your oven. Ouch!
If you then have it cooking for a while, the oven is probably only cycling the heating elements on for 25% of the time or thereabouts, so for 45 minutes of heating, you might use another 0.75 kWh of energy. So 45 minutes of cooking uses 1.75kWh of energy total, but if you were cooking something for more than twice as long, eg, two hours, you’d use much less than twice as much energy (ie 3 kWh for two hours of cooking). The oven becomes more efficient, the longer it is cooking something.
The other issue to do with oven efficiency is how much food you have in it. Most of the energy in an oven goes to keeping the air in the oven hot, and the heat transfer to the food is slow and inefficient. It costs little more to cook ten pounds of meat or whatever in your oven than it does to cook 10 ounces of meat or whatever.
So, an electric oven is good for large quantities of food cooked for a long time, but it is bad – very bad – for a small quantity of food cooked for a short time.
Let’s come back to the ‘heating leftovers’ example. Maybe you heat your oven to 350° then heat the item for 30 minutes. That’s 1.5 kWh of energy. Compare that to perhaps 6 minutes in the microwave, which would be 0.15 kWh – ten times less energy. That makes for an obvious choice, doesn’t it!
Summary
There are several things we can conclude from all of this.
1. If heating the same amount of water, an electric jug with immersion water heater is the most efficient way to do this.
2. If heating less than half the minimum amount of water you’d need to heat in a jug, use a microwave oven.
3. If cooking on the stove-top, induction elements are the best, and gas elements are by far the worst.
4. Traditional ovens work best when cooking large amounts of food for a long time. For small amounts of food, that only need a short time in the oven, it is usually better to use a microwave oven instead.
As preppers, we suggest you ensure you have three cooking appliances as part of your kit. An electric jug, an induction cooktop, and a microwave oven.
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