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Please read this document carefully in 

conjunction with the PowerSpout 

Installation manual. 
 
Disclaimer 
UNLESS SPECIFICALLY AGREED TO IN WRITING, ECOINNOVATION LIMITED: 
 
(a) MAKES NO WARRANTY AS TO THE ACCURACY, SUFFICIENCY OR 
SUITABILITY OF ANY TECHNICAL OR OTHER INFORMATION PROVIDED IN ITS 
DOCUMENTATION. 
 
(b) ASSUMES NO RESPONSIBILITY OR LIABILITY FOR LOSS OR DAMAGE, 
WHETHER DIRECT, INDIRECT, CONSEQUENTIAL OR INCIDENTAL, WHICH 
MIGHT ARISE OUT OF THE USE OF SUCH INFORMATION. THE USE OF ANY SUCH 
INFORMATION WILL BE ENTIRELY AT THE USER’S RISK. 
 
Notice of Copyright 
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Copyright © 2015 All rights reserved 
 
Notice of Trademark 
PowerSpout – is a USA registered Trademark 
 
Notice of Company Registration 
EcoInnovation – is a NZ Registered Limited Company 
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What is a Load? 
In an electrical circuit, energy is provided by a supply or source, which might be 
a hydro turbine or a battery, and the energy is consumed by a load.  A load is 
something you can plug into a power source and complete the electrical circuit 
so that current flows through it and it uses up electrical energy.  An example 
might be a light bulb, a heater or any appliance that runs on electricity.   
 
We would normally control our loads with switches and use them "on demand".  
This document looks instead at how to control loads automatically, and explains 
why and how this will be necessary or useful as part of your PowerSpout battery 
charging system. 

How does a load affect the supply? 
An electricity supply is described by a voltage that you can measure between the 
two supply wires.  In most cases this will be pretty stable at a nominal value, say 
240 V AC for a grid supply or 12 V DC for a battery.  But in reality the voltage will 
vary a bit depending on the status of the supply and on how it is loaded. 

The effect of loads on a PowerSpout turbine 
When a PowerSpout turbine spins without any load, disconnected from any 
electrical circuit, we can measure a high voltage from it called the "Open Circuit 
Voltage" or Voc.  The voltage is high because of two factors: 
 

 First reason is that it is spinning fast.  Turbine 
voltage output depends directly on speed.  The 
turbine will speed up when unloaded.  All of its 
power goes into acceleration until the runner 
loses efficiency, and can go no faster.   

 Second reason is that under normal 
circumstances there is a current in the 
windings of the turbine, which results in a 
voltage loss (related to the impedance of the 
windings).  The voltage will "droop" as more 
current is drawn from the turbine, even if the 
speed is constant.  The voltage losses would be 
subtracted from the Voc.  But in the open 
circuit situation there is no current and so 
there are no voltage losses. 

 
Connect a load to the turbine and a current will flow, doing two things:  

1. Creating a torque that slows the runner down until it enters a more 
efficient operating speed range and can meet the new demand it faces, 
and 

2. Creating a "voltage drop" in the wires that impacts on the output voltage. 
 

So a load will have the effect of pulling the turbine's output voltage down. 

NOTE: 
 
The Voc of a PLT or 
TRG turbine is 
roughly 3 times 
higher than its best 
operating voltage 
(VMPP).   
 
The Voc of a LH 
turbine is roughly 
twice its VMPP. 
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The effect of load on a battery 
As you charge a battery up, passing a current though it in one direction, its 
voltage will rise in relation to the nominal value.  Again there are two factors at 
work.  There will be an immediate rise due to its internal impedance (similar but 
opposite to the drop in the turbine voltage with current drawn from it) and a 
more gradual rise in the open circuit voltage, which is related to the chemical 
changes taking place as the battery charges.  A 12 V battery for example will 
actually have a voltage around 14 V when it is charging nicely.  Increasing or 
decreasing the current will push this up or down somewhat.  When we stop 
charging, the voltage will sit at 14 V for a while before gradually falling to a value 
between 12 and 13 V. 
 
The effect of loads is to draw a current in the opposite direction (from instead of 
to the battery).  This will reduce the battery's working voltage.  Load current 
pulls the voltage down.  Load current when the battery is being charged has the 
effect of diverting the charging current away from the battery so that the charge 
rate is reduced, and the voltage rise is controlled. 
 
So again we can use a "diversion" load to reduce (or limit) the voltage of a 
battery (or of a turbine) where it is desirable to do so in the management of the 
system as a whole. 

Why do we need load control? 
There are two reasons for load control.  One is to protect your system from 
damage, and the other is to maximise your use of available energy.  You may 
choose different loads for different purposes or you may possibly find a solution 
where one load meets both needs.  In some cases (for example low power sites) 
you may choose not to use any load control at all. 

Protective Diversion 
Hydro turbines produce energy continuously.  If your battery is fully charged, 
then this energy needs somewhere to go.  If you do not use it then your battery 
may suffer overcharge, use up all the water in its electrolyte, and ultimately 
explode.  We must protect your battery from damaging overcharge. In a later 
section we will discuss how your charge controls can achieve this automatically. 
 This will be done either by diverting the current or by disconnecting the turbine.   
 
If your connection to the battery (or the grid in the case of grid-tied turbines) is 
lost, then the turbine will run faster, creating higher voltage and heightened 
noise levels that may cause problems.  If prolonged, this can also impact on the 
bearings, shortening their lives. 
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Operating without any diversion 
Whether turbine overspeed is a problem depends on the degree of overspeed, 
which depends on the site.  Increased speed will always produce some noise, but 
at relatively low rpm the noise is much less, and is unlikely to become an issue.  
Here are some guidelines for runaway (unloaded) operation of the turbine.   
 

PowerSpout PLT 
Head range Operating 

rpm 
Runaway rpm Comment 

0-25 m 0-800 rpm 0-1600 rpm Can be allowed to run 
unloaded without excessive 
wear or noise. 

25 - 60 m 800 - 1250  1600-2500 Safe to run unloaded but will 
reduce life of parts. 

60 - 130 m 1250 - 1900 2500 - 3800 Do not run unloaded, apart 
from testing Voc. 

above 130 m above 1900  above 3800 Consult with PowerSpout. 
 

PowerSpout TRG 
Head range operating rpm runaway rpm Comment 

0 - 5 m 0-800 rpm 0-1600 rpm Can be allowed to run 
unloaded without excessive 
wear or noise. 

5 - 12 m 800 - 1250  1600-2500 Safe to run unloaded but will 
reduce life of parts. 

12 - 30 m 1250 - 2000 2500 - 4000 Do not run unloaded, apart 
from testing Voc. 

above 30 m above 1900  above 3800 Consult with PowerSpout. 
 

Powerspout LH 
Head range operating rpm runaway rpm Comment 

1 - 2.4 m 700 - 1000 1000 - 1600  Can be allowed to run 
unloaded without excessive 
wear or noise. 

2.4 - 5 m 1000 - 1600 1600 - 2300  Safe to run unloaded but will 
reduce life of parts. 

above 5 m above 1600  above 2300 Consult with PowerSpout. 

Designing for high operating voltage (Vo) and higher open circuit voltage (Voc) 
In some cases, where the Vo is high, the turbine Voc may threaten to damage the 
MPPT controller (or the grid-tie inverter) You would then need a diversion load 
that makes sure the turbine can never overspeed, even briefly.  We offer a 
product called the PowerClamp that does this for you, using an Arduino 
processor, a solid state relay and a heater.  The PowerClamp diverts power from 
the turbine to a heater before it even reaches your charge controller or inverter.  
This prevents the open circuit from ever arising. 
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Suitable loads for protection 
Protective diversion loads that safeguard your battery or your turbine need to be 
available all the time.  Often they will be air-heating resistors that are positioned 
where they will not cause any danger or nuisance by giving out heat.  Sometimes 
you can employ a useful load for protective diversion, for example heating water, 
but the water tank may then overheat.  If the water heater is turned off due to 
high water temperature then it is useless for protective diversion.  Space heating 
in a bathroom or drying room are possible useful applications of a protective 
diversion load. 

Opportunity Diversion 
Stand-alone hydro systems will very often have energy surpluses that occur 
when the battery is already being charged as hard as it needs to be, but there is 
plenty of unused power to spare.  Quite likely the household will also burn fuel to 
heat the house and/or water.  A 300-watt heater working off hydro can heat a 
100-litre water tank up by 20 degrees in only 8 hours.  You can save fuel by using 
surplus hydro power to contribute to, or even take over your water heating.  Or 
it may be that you can use air conditioning, a dehumidifier or water pumping to 
consume surplus energy.   
 
All of this could be managed manually by switching loads on and off within the 
available energy supply.  But after the initial novelty the task becomes a burden.  
It is all too easy to leave an opportunity load running overnight by mistake and 
drain your expensive battery bank flat.  Or conversely to simply leave the power 
to go to waste in an air dump load heater because it's too much hassle to find a 
use for it.  But a well-designed hydro system will take the opportunity of using 
the surplus for your benefit automatically. 
 
Opportunity loads need to be switched on when the battery is getting more 
charging current than it needs, and switched off before they discharge the 
battery.  They work the same way as protective diversion loads that manage the 
charge control of the battery.  The differences are that they do something useful 
and they are also quite often intermittent, which means they cannot be relied 
upon as the sole protective diversion load.  For example when the water heater 
has finished heating your tank you will probably also need a protective air 
heating load to ensure the batteries do not overcharge.  Or in some cases (where 
this is prudent) you may have the option of disconnecting the turbine. 
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Types of load 
In most cases your load will be a resistor or 
electric heating element.  They are basically the 
same thing.  Connect a resistor load to a supply 
and current will flow through it producing 
heat.    
 
You will need to choose a suitable load for:  

 the voltage of the source and  
 for the power (in Watts) to be diverted. 

Water heating 
Installers must put a large sign by 
the hot water tank that says “Do 
not drain this tank without first 
turning off the hot water element 
in the power shed at the location indicated”. In the power shed put a label that 
says, “before draining the hot water system turn off this breaker”.  
 
If the load is essential to protect against the hydro power system damage then 
you will also need a note to “turn off the hydro turbine before draining this tank”. 
 
Water heaters are the most common (also most useful) "opportunity" loads but 
it is necessary to plan for what will happen if the water gets too hot.  Any normal 
thermostat may not be suitable for switching at unusual voltages and currents.  
See the appendix for more about thermostat wiring. 
 

Commercially available grid voltage heaters 
You can buy an "off the shelf" heater in 
some cases.  But often your operating 
voltage will be taken from the battery or 
the turbine, rather than the standard 120 
V or 240 V of the grid.  
 
The power of the heater will be 
dramatically reduced (see box). 
 
So you will need to buy a number of 
heaters to connect in parallel.  Or run the 
heater via an inverter.  Or (probably) buy 
a special battery-voltage load element 
(see below).  
  

 
OHM'S LAW 

Current equals voltage divided 
by the resistance  

(resistance measured in Ohms). 
 

A 2-Ohm resistor  
connected to 28 Volt supply will 
draw 28/2 =14 Amps current. 

 
POWER IN WATTS 

Power equals voltage multiplied 
by current. 

(28 V x 14 A = 392 Watts) 

 

The power dissipation of a heater 
at a given working voltage can be 
found using this equation: 
 

Working power =  
(working voltage/rated voltage)2 

x Rated Power 
 

For example consider  
a 3kW, 240V rated heater  

working at 100V 
 

Working power  
= (100/240) 2 x 3000  

= 0.417 x 0.417 x 3000  
= 520 W approx. 
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Special battery-voltage heaters 12/24/48 V 
Air heating elements can be easily made from stainless 
steel wire, a baking tray and a cooling rack as shown.   
We sell 30 A elements for any of the above voltages. 
These can also be made to suit your specific requirements. 
 
Large wire-wound resistors and water heaters are also available from 
PowerSpout.  Such resistors at 1kW 0.8 Ohm for example are well suited to 
12/24/48 VDC applications when connected in series or parallel.  Take care to 
use them safely!  Do not mount in close proximity to flammable surfaces.  If the 
voltage of the circuit is hazardous then you may need to enclose the resistors in 
some kind of open mesh enclosure. 
 

 

Twin Air diversion resistors 
Weight 4kg 
These resistors are 0.8 Ohm rated for 1kW each. 

 

Twin water diversion resistors 
Weight 1kg, 1 ¼ BSP boss 
These resistors are also 0.8 Ohm rated for 1kW each. 

 
We assume these heaters will be using current diverted from a battery that is 
being charged at typical charging voltage of 28 V (for a 24 V nominal battery) or 
the equivalent.  There are numerous ways to wire them in series or parallel to 
suit different battery voltages and different power ratings in watts. 
  

If you feed a heater with half of its rated voltage then it will draw half of its rated 
current and dissipate only one quarter of its rated power.   
 
So for example a 2kW 240V heater will only produce 500 W at 120 V, and only 125 
W at 60 V.   
 
(A 48 V battery on charge will divert power at slightly less than 60 V.) 
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Various options for series and parallel connections are shown below. 
 

WIRING (0.8 each) 12V 24V 48V battery 

Series connection 1.6  

 

123W 490W 1,960W 

Single element 0.8  

 

245W 980W not advisable 

Parallel connection 0.4  

 

490W 1,980W not advisable 

 

Calculating what a given resistor can do 
Electronic suppliers will specify Resistance (ohms) and rated Power (watts).  
The actual working wattage depends on the working voltage applied to the 
resistor, but you should not exceed the rated wattage on a continuous basis. 
 

Lower voltages will produce lower power dissipation in a given resistor.  These 
resistors will work in parallel for diverting 12 or 24V systems, but you need to 
connect them in series for 48V batteries or they will be overloaded.  At 12 V the 
power dissipation each is reduced to 1/4 compared with 24 or 48 V systems. 
 

Ohm's Law tells us that Current (A) = working Voltage (V) / Resistance (R) 
Power dissipation = Voltage x Current = Voltage2 /Resistance 

 
Find the maximum working voltage of any resistor as follows:   
Multiply the rated watts by the ohms, and take the square root of the answer.   
 
For example the above PowerSpout resistor is rated at 1000W and 0.8 ohms. 
 
Maximum voltage = square root (Power x Resistance) = √(800)= 28 V 
 
Operating this resistor continuously from a 30 V source (as might occur during 
equalisation) would cause a minor overload but this is not a problem if it only 
occurs occasionally. 
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Motorised loads 
It may be more useful to operate a motorised load for diversion of surplus 
power.  This could for example be air conditioning, heat pump, de-humidifier, 
refrigeration, water pumping etc.  Even if your load is operating from inverter 
power it will be diverting power from the battery.  This will make extra use of 
hydro energy when the battery is almost charged and does not need much more. 
 
Motorised loads like these will need to be run in bursts on a start/stop cycle that 
is acceptable to the equipment.  In some cases this means they have to run for 
several minutes.  Short stop/start cycling may damage the motor or the 
appliance. 
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Types of controller 
The word "controller" (or "regulator") is used rather broadly, but essentially it 
refers to a device that manages battery charge rate.  MPPT controllers have the 
important additional function that they maximise the power of the PV or the 
turbine.  (It may be worth buying them for this alone.  You may wish to manage 
the actual charge control by a separate diversion load controller, so the MPPT is 
working full time and the turbine is always loaded.) 

Charging lead acid batteries 
By default we are talking about lead acid batteries, and the controlled charge 
usually proceeds in 3 or more stages.  At first the battery is simply charged as 
hard as we can, using available power.  This is known as the Bulk charge stage.  
As the battery charges, it's voltage will rise gradually. 

 
For any given battery type and temperature there will be a recommended 
optimum charging voltage, known as the Absorb or absorption voltage setpoint.  
When this voltage is reached, the controller will start to actively manage the 
battery charging current so as to prevent the voltage from rising further.  Just 
enough current is fed to the battery so that this voltage is maintained.  There is 
usually some sort of timer in the controller that makes sure the battery spends 
an adequate time at this setpoint for a good charge to be accomplished.  It may 
not be 100% totally full charge every time (this might stress the battery unduly) 
but by then the battery should be substantially charged up. 
 
After the absorption timer runs out, the controller will alter the target battery 
voltage to a new setpoint called Float.  This will be a lower voltage designed to 
maintain the battery in a well-charged state without excessive wear. 
 
It is a good idea to give some types of battery a really totally full charge 
periodically so that all of the cells are brought to an equal state.  This Equalise 
charge is performed at a higher voltage setpoint than the absorb setpoint.  (The 
Victron on the other hand equalises with constant current that may push the 
voltage above the normal range.) 
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At each stage in the process, the controller is actively limiting the current that 
reaches the battery so as to hold the voltage at the prevailing target setpoint.  If 
the current is not enough to reach the setpoint voltage then all of the current is 
used to charge the battery (just as in the bulk stage). 

Solar and MPPT controllers 
Controllers that are designed for solar PV usually limit the current by blocking it, 
so that the PV panels produce less power than they could be producing.  Charge 
control consists of rejecting surplus energy so as to control the rate of charge 
into the battery.  The solar PV array voltage will rise as current is cut off and the 
PV becomes unloaded.  This does no harm provided that the open circuit voltage 
or Voc of the PV array is never high enough to damage the controller.   
 
We recommend that you use a Maximum Power Point Tracking (MPPT) 
controller to get the best from your Powerspout turbine.  But MPPT controllers 
limit the current in basically the same way as just described.   
 
"MPPT" is an extra feature of these controllers that converts a high voltage input 
to a lower battery voltage in such a way as to maximise the energy capture from 
the solar PV (or hydro turbine).  But the way it controls battery charging is still 
by a reduction of throughput of power.  When the battery reaches its Absorb 
setpoint (or whichever prevailing setpoint) then the MPPT controller will 
restrict or cut the input current, which again will result in a rising input voltage 
from the renewable energy source, just as other solar controllers do.   
 
See later in this document for a guide to choosing a suitable MPPT controller. 

Diversion controllers (aka PWM regulators, shunt regulators) 
A diversion load controller sets about managing battery charge in a different 
way.  Instead of rejecting the incoming current, it diverts it to a load circuit that 
can consume the extra power.  
 

 
We do recommend that you use diversion loads in your off-grid system.  MPPT 
controllers don't use diversion as their primary method of charge control, but 
you can often achieve diversion by using the auxiliary output of the controller to 
operate a load via a relay. 
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Diversion instead of MPPT? 
It is possible to connect the PowerSpout directly to the battery without using a 
MPPT controller at all.  In such cases it is essential to have a diversion controller, 
or preferably two for reliability.  We do however recommend using an MPPT 
controller in your system for several reasons: 
 MPPT adjusts voltage automatically for maximum Watts output.  This 

has two advantages:  you tend to get more power, and you don't have to 
manually tinker with the alternator to optimise it.  (You will still need to 
adjust the flow to suit available water.) 

 Higher transmission voltage often results in significant cable cost savings 
 Generally fail-safe – in the event of controller failure generation stops, so the 

batteries are not damaged by over-charging. 
 The controller will display (and log) production data and battery charge 

settings.  This helps with trouble-shooting and with battery warranty claims. 

Matching your turbine to an MPPT controller and your battery 
It is important to consider the operating voltages of both the controller and of 
the turbine when designing a system for charging batteries using PowerSpout 
turbines with MPPT controllers.  It seems bewildering at first but the idea is 
simple enough when you study the example. 
 
The various voltage criteria are as follows: 

 Maximum power point voltage (VMPP) at the controller must be greater 
than battery charging voltage 

 VMPP at the actual turbine will be controller VMPP plus cable losses 
 Turbine design VMPP will determine turbine open circuit voltage (The 

ratio between them depends on turbine model.  See below.) 
 Controller maximum voltage must be higher than turbine Voc (or you 

will need to use a PowerClamp, at extra cost). 
(Where there are large % losses in the pipe and the cable, you may see even 
larger differences between VMPP and Voc.  It may be harder to find a controller or 
inverter that will work in such cases without a PowerClamp.) 
 

TURBINE 
MODELS 

for MPPT systems 

BEST 
Working 

VMPP 

POSSIBLE 
BATTERY 

VOLTAGES 

MAX CABLE  
LENGTH 

recommended  

OPEN 
VOLTS 

Voc 

MPPT 
rated 

input V 
PLT/TRG 40 40 V 12, 24 V 250 metres 120 V 150 V 

LH 150 75 V 12, 24, 48 V 1000 metres 140 V 150 V 
PLT/TRG 80 80 V 12, 24, 48 V 1000 metres 220 V 250 V 
LH 250 (and 
LH250 Pro) 

100- 
150 V 

12, 24, 48 V 1000 metres 240 V 250 V 
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Illustrative example 
Here is a practical example using controller whose maximum voltage is 150 V dc.  
Such controllers are rather common at the present time.  A TRG40 on a 24V 
battery meets the above criteria. 

 
 
This set-up could also be used to charge a 12V battery (within the current limit 
of the controller) but it would not charge a 48V battery.  The turbine voltage is 
too low for this.    
 
Another consideration is that the cable voltage is only 40 V that may lead to a 
costly cable or high cable losses, if the distance is more than a hundred metres. 
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What are our options for a higher VMPP?  We can either use a controller with 
higher maximum voltage (a 250V controller with VMPP=80) or we can use a 
PowerClamp to limit the voltage.  The next chart shows the PLT100 with an 
external PowerClamp at the turbine: 

 
The PowerClamp protects the controller and allows us to use the PLT100 turbine 
and operate at a cable voltage of 100V with reduced costs and reduced losses.  It 
also allows us to use a 48V battery, popular with modern systems.   

Can't we use just battery-side diversion to control the voltage? 
Most of the time yes this will work to prevent the controller from unloading the 
turbine, but unfortunately with most controllers it will not work all of the time.  
The controller may occasionally allow the turbine to run up to Voc and the Voc 
will then damage it.   

Types of switching 
A diversion controller will switch loads on and off to regulate the system and 
divert the correct amount of surplus power.  The switching is controlled by 
clever circuits, but in the end there is a device that actually makes or breaks the 
circuit.  This could be a mechanical relay or a solid state device (such as a 
transistor or a triac).   The solid state device may be built into a controller (MPPT 
or PWM) or it could be in an external "solid state relay" (SSR). 
 

On/off switching 
The simplest switching method is a mechanical relay (see 
right), which is just an automatic switch.  It is very 
important to choose a relay whose contact rating is higher 
than the current it will actually switch.  Similarly the 
voltage rating should be higher and if it is switching DC 
then it must be rated to switch DC. 
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When a load is turned on, most likely this will divert too much current so the 
battery does not get enough, and its voltage will start to fall.  The load will soon 
need to be turned off again, and back on, so that on average its current is about 
right for keeping at about the right voltage.  It's important not to operate the 
relay too frequently, or it will wear out.  This sort of on/off switching is 
sometimes the best option for opportunity loads, but it's too slow to maintain 
accurate control of battery charging voltage. 

Pulse-width-modulation (PWM) 
Pulse Width Modulation is on/off switching at a much higher rate - usually a few 
hundred times per second.  Rapid PWM switching keeps the voltage very stable 
by diverting the correct average current in a series of pulses.  The amount of 
average current can be increased by increasing the length of the pulses or "duty 
cycle".  Duty cycle is expressed as 
a percentage.  If the load draws 20 
amps and the duty cycle is 25% 
then the pulses are on 1/4 of the 
time.  The average current being 
diverted is therefore 5 A. 
 
The Morningstar Tristar is a stand alone diversion charge 
controller that regulates battery voltage by PWM switching 
of current into a heating load. 
 
Another way to achieve PWM diversion is to connect a solid 
state relay (SSR, see pics below) to the auxiliary output of an 
MPPT controller (Midnite or Outback) that supports PWM 
switching.  We sell suitable SSRs for this application.  If you 
buy one elsewhere then take care to mount it on a suitable 
heatsink, otherwise it will have a short life. 
 

   
 
PWM is desirable on the one hand because it offers very smooth and precise 
control of battery voltage.  On the other hand it does create some audible noise 
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in the controller and the heater.  If PWM control is applied instead to AC SSRs 
on the output of the inverter, this can make your lights flicker.  The impact of 
these side effects will depend a lot on the details of the installation, and some 
people care a lot more than others about noises and flickering.  A well-insulated 
water tank with a heater in the middle will absorb most of the noise if not all.  
But it's good to be prepared for the side effects of PWM and to know that it is not 
the only option in most cases.  Slower on/off switching is also a valid control 
option that is relatively unobtrusive.  If you are running motorised loads then 
slow on/off switching is the only option. 

Diversion load system options 

Simple diagrams 
The following diagrams give examples how electrical components could fit 
together.  Solid arrows represent electrical power circuits, whereas dotted 
arrows indicate control or signal wiring. 
 
All of these examples show a PowerSpout with an MPPT controller charging a 
battery.  The MPPT controller has several advantages including maximising 
power, helping to raise transmission voltage, and offering fail-safe charge 
control. 

1. No diversion.   
Here is the basic layout: 

 
When the battery reaches its voltage setpoint in this situation the MPPT will 
reduce the charge rate, and allow the turbine to overspeed.  There is no 
diversion.  This can work in some low power cases, but is usually noisy and 
wasteful. 
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2. PowerClamp diversion on turbine side of controller. 
We can use a PowerClamp to protect against overspeed.  This also means we can 
use a lower costs controller (say 150V controller with PLT100 charging 48V 
battery), or use a higher voltage cable (say 250V controller with PLT200 
turbine). 

 
The PowerClamp ensures that the turbine is kept under load and it even contains 
a crowbar that safely short circuits it if all else fails (in event of load becoming 
disconnected etc). 
 

3. Battery side diversion using PWM controller (Tristar) 
The next example shows a situation where the battery charge is regulated by a 
separate pulse-width-modulated diversion load controller (labelled "PWM" for 
short).  The charging setpoints of the PWM controller are set lower than those of 
the MPPT controller.  This is done so that the diversion comes on first with rising 
voltage and the MPPT controller will stay in bulk charge mode, because its 
setpoint is never achieved.  The MPPT controller maximises the turbine's power 
whilst the PWM controller manages diversion. 

 
You cannot be sure that the turbine will never overspeed, so you will need to 
check that the Voc of the turbine cannot damage the MPPT controller and for 
example use a 250V rated controller for a PLT80 charging a 48V battery. 
 
This is a good configuration for a Victron SmartSolar 250V controller with 
Tristar diversion controller. 
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4. Battery side diversion using auxiliary output of MPPT 
In some cases the MPPT controller has an Auxiliary (Aux) output that can be 
used instead of the PWM controller.  The 12V Aux output can drive a solid state 
relay (SSR) to manage diversion intelligently and maintain the battery at its 
setpoint and also avoid turbine overspeed.  

 
Examples of MPPT controllers with single Auxiliary outputs are: Outback 
Flexmax, and some older Vitron BlueSolar.  The Outback aux port can operate 
PWM switching, but the Victron is a mechanical contact that works too slowly for 
PWM switching. 
 
If you wish to heat water using a single auxiliary output then you may find the 
"thermostat changeover relay" circuit idea at the end of this document useful. 

5. Battery side diversion with two auxiliary outputs (Midnite Classic) 
The above examples 3 and 4 can provide protective diversion, and we can try to 
make use of the load for opportunities, but this may not be easy.  It's often 
preferable to have two heaters:  
 one protective air heater (always available) and  
 one opportunity water heater (controlled by a thermotat, see later),  
that are operated by two different relays. 

 
The Midnite Classic has two Aux outputs which makes it ideal for use with the 
PowerSpout.  (The Classic 250 also has the advantage of being able to charge 48 
volt batteries without using a PowerClamp).  Other controllers only have one 
Aux output, or none at all. 
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6. Stand alone load control relay driver 
One solution where additional relays are needed is to use the Morningstar "Relay 
Driver" to control them.  The Relay Driver is a standalone unit which also has the 
capability of communicating with Morningstar controllers and turning loads on 
and off based on numerous variables.   

 
But the Relay Driver is complex to program, and it does not offer PWM switching.  
Its output is more suitable for mechanical relays because it switches slowly.  Also 
the signal to the relay is at battery voltage.   SSR inputs should not usually exceed 
about 30 V.  48 V coils in traditional relays would be more suitable than SSRs on 
48 V battery systems. 
 

7. Using SSR alongside PWM 
Of course you can use both: - a SSR and an external PWM diversion controller.  
this might be handy for covering both protective and opportunity load 
requirements. 

 
This could work well with an Outback FM60 controller for example and a Tristar.  
Heater 1 is water heating, whereas Heater 2 is the air heating dump that is 
always available. 
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8. Using AC water heaters (with conventional thermostats) 
In some cases you may prefer to use AC loads (via the inverter) to divert power, 
and this can easily be achieved with AC relays.   
 
Here is an example: 

 
Using AC power has some advantages.  The wiring of the load circuits is more 
conventional, can be understood and installed by electricians.  The water heating 
loads can employ conventional thermostats mounted on the heater itself. 
 

Multiple energy sources and diversion load controllers 
A PowerSpout turbine can charge the same battery as a solar PV array, wind 
turbine and/or other sources.  Using multiple sources like this is a very normal 
arrangement, with many advantages for the user.  Diversion load controllers 
need to be sized large enough to divert all of the current from all unregulated 
sources (such as direct-connected hydro and wind turbines). 
 
If your solar system has its own controller then the diversion controller can 
work alongside this but you may see some error indications on one of the two 
controllers, as they are unlikely to exactly agree on the best charging voltage.  
This need not be a problem so long as the battery charge rate is effectively 
regulated.  It's rather like being controlled by a committee.  They probably won't 
agree with each other on the details but the result will work out fine.  If you buy 
Midnite Classic, Morningstar or Victron MPPT controllers (all one or the other) 
then you can even link them together with coms cables so that they will agree. 
 
You may sometimes need to charge the battery from an engine-driven generator, 
using your inverter/charger to charge the battery.  You may then find that the 
energy is being diverted into a heater by the controller.  If this is unwelcome 
(waste of fuel) then you may need to adjust downward the charge voltage 
settings of your inverter/charger unit so that the diversion control is not 
triggered.  It's also possible to use a relay on the generator output to modify the 
'battery sensing' voltage to the controller so as to defeat it during generator 
operation. 
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What do we recommend? 
At the time of writing the best option is the Midnite Classic 250 controller with 
two auxiliary outputs.  See our document "PS MPPT Midnite Classic guide". 
 
For protective 
diversion we 
recommend using 
an air heater 
connected to a SSR 
driven by Aux2 in 
"PV V on High" 
mode so that it 
diverts power as 
the turbine becomes unloaded.   
 
The Classic will manage the 3-stage battery charging and the diversion load will 
prevent the turbine over-speeding.  The PWM air heater may be too noisy to 
situate anywhere that the heat will be useful, but its primary purpose is 
protecting the turbine. 
 
For the opportunity load, one good 
option would be to run a water heater or 
other useful load via Aux1 in " Waste Not 
Hi" mode.  This will cycle the load on and 
off.  There will be no PWM buzzing noise.  
Ideally the load power should be equal to 
or less than the turbine power for 
smoother operation of the system.   
 
If a thermostat is needed (as would be 
normal for water heating) then the 
simplest configuration would be to run a 
small, conventional AC heater with built-
in thermostat from the inverter, via a SSR 
(or a conventional relay) driven by Aux1.  
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Wiring a thermostat 
It's good to have some kind of a thermostat in any water heating system for 
safety and convenience.  But it is not advisable to use a thermostat to control 
high power DC directly.  The contacts are unlikely to last long in this application. 
 
You may be able to use a thermostat to operate a pump or valve that removes 
heat from your tank somehow, using an altogether separate electrical circuit 
(battery or inverter output) with low current or AC.   
 
 
Or you can use the thermostat to 
interrupt the signal from the Aux 
terminals to the SSR instead of 
interrupting the main current.  
This will usually mean you need 
two pairs of wires running from 
the controller to the heater - one 
for control/thermostat and one 
for the battery-to-heater circuit. 
 
 
 
To keep a load on the turbine at 
all times, the thermostat can be 
used to operate a changeover 
(SPDT) mechanical relay that 
directs the Auxiliary output 
signal to a different SSR 
controlling a different load 
instead. 
 
The water heater's SSR is 
connected to the "Normally 
Open" terminal of the relay so 
that it is only energised when 
the thermostat is closed. 
 
 
 


