TRAINING OUTLINE FOR HRA VOLUNTEER DOCTORS

HRA HOSPITAL IN PHERICHE, SOLU KHUMBU
1) POWER SYSTEM’S MAIN COMPONENTS
a. Battery Bank:  stores energy for later use
b. TRACE Inverter:  takes 24VDC electricity from the batteries and inverts it into 230V AC electricity that can be used by normal household appliances (please note that American appliances which require 110V CANNOT be used with the system)

c. TRACE Charge Controller:  regulates the battery charging current from the solar panels in order to protect the batteries form being over-charged.
d. Wind Turbine (with its own control panel):  generates electricity from the wind

e. Solar Panels:  generate electricity from sunlight
f. Trace Meter:  displays important system status information such as:

i. Battery voltage (V)

ii. Number of amp-hours (AH) added or removed from the batteries

iii. Number of amps (A) being added or removed at any given instant

iv. Number of cumulative amp-hours (cAH) removed from the battery bank over time

2) SYSTEM VOLTAGE:

a. The batteries are arranged in a 24V DC system voltage configuration

i. Solar panels and wind turbine produce electricity at 24V

ii. Two battery banks with 12 nos. of 2V batteries each store electricity at 24V DC
b. The inverter inverts the 24V DC from the batteries into 230V AC which is available for lights and in sockets throughout the hosptial

3) BATTERY BASICS:
a. The system uses “flooded lead–acid” batteries which contain a mixture of water and hydrochloric acid
i. acid can be dangerous if it makes contact with eyes

ii. will cause a burning and itching sensation on skin

b. NEVER open the battery caps without assistance from an experienced technician.

c. Battery capacity is measured in Amp-Hours, which represents an electrical current (measured in amperes) over a given period of time

d. Water in the battery electrolyte mixture is slowly “separated” into hydrogen and oxygen
i. Battery location must be well-ventilated to allow safe dissipation of hydrogen, which is highly flammable

1. NEVER allow open flames or cigarettes in the battery room

ii. Pure, distilled water must occasionally be added to the batteries to replace the lost water. (only Lotus Energy technicians will normally need to do this.)
1. If any other type of water is added it can be harmful to the batteries

2. Containers of distilled water are usually kept in storage at the hospital
3. The max and min fill lines are clearly shown on the side of the batteries

4. Lotus Energy’s technicians check the water during each service visit, which almost always solves this problem until the next season 
e. A battery is “happy and healthy” and will last longer if:

i. It is fully recharged on a regular basis

1. If a battery goes too many days without a full recharge, it can be harmful to the battery’s life

ii. It is not discharged below 75% depth of discharge (DOD)

1. A battery that is operated only at a 25% and 50% maximum DOD will have an significantly longer life

2. As people’s lives may depend on it, the batteries can be deeply discharged when necessary – but this should be avoided if possible (i.e. in non life-threatening situations) to help ensure a long, smooth operating life
f. A battery’s state of charge can be determined by its “true” voltage

i. “true” voltage can only be measured when the battery is disconnected from all loads and charging current.  (This normally does not occur at the hospital, but dawn and dusk often create similar situations where there is no load and no charge current)

ii. A “true” voltage of 24+ is generally considered “healthy”

g. Battery state of charge can still be approximated by keeping into consideration the following:

i. If a battery is being charged, its voltage will show higher than the “true” voltage in proportion to the intensity of the charging current

ii. If a battery is being drained by a net load, its voltage will show lower that the “true” voltage in proportion to the intensity of the load current

iii. EXAMPLE:  A battery that has neither a charge or load connected to it shows a voltage of 24V

1. If many loads are turned on, the voltage instantly drops to 23V

2. After the loads are turned off, the voltage rises again to 24V

3. If the wind turbine starts spinning very fast and produces a large charge current, the voltage rises to 25V

4. If the loads and the charge current are equal, the net result on the battery is “zero” and the voltage settles back at 24V

4) Solar Photovoltaic (PV) Panel BASICS:
a. PV panels produce DC electricity during daylight in direct proportion to the intensity of the sunlight
i. NOTE:  panels still produce power during cloudy weather (enough sunlight can often get through the clouds to create a significant, although lower, charge current) and sometimes even during a full moon!!!
b. PV panels produce more electricity:

i. At higher altitudes

ii. When directly facing the sun

1. some panels are facing almost due south at 30 degrees tilt so that they produce the maximum power around noontime

2. other panels are facing towards the east in order to maximize production in the morning when the weather is clearer

iii. When their surface is clean

1. Snow should be immediately cleaned from the panels

5) Wind Turbine BASICS:
a. The turbine has a protective feature that tilts the turbine out of the wind when the wind is too strong

b. A “brake” will automatically turn on if the batteries are full in order to prevent the batteries from over-charging and in order to spare the turbine of unnecessary wear and tear.
c. If the wind is too strong, turning the “brake” on can damage the wind turbine.  So, in cases when the wind is too strong and the batteries are full, the wind turbine will divert all of its power to a “load dump” heating coil in the main living room.  This way the excess power will be used to produce much appreciated heat in the hospital.

i. The load dump will be activated when the wind is strong enough to produce 10 amps or more (which can be seen on the wind trubine’s amp-meter).  If the wind is not too strong and is less than 10 amps, then the “brake” will be turned on.
6) Inverter Basics:
a. The TRACE inverter inverts 24VDC electricity to 230VAC
b. Prevents the batteries from being over-discharged by disconnecting the loads when the batteries are low (as indicated by a low voltage level; the lower the voltage level, the deeper the DOD)  A voltage of 22.5 can be assumed to correspond with a 75% DOD

7) Charge Controller BaSICS:
a. Prevents the batteries from being over-charged by disconnecting the charging current when the batteries are full (as indicated when the batteries are held at a high voltage level for 1-2 hours, usually at 28-29V)
8) What can you do TO HELP?

a. Keep the solar panels clean
i. Snow must be removed from the panels as soon as possible.  There is a squeegee tool and brooms at the hospital that help make this easier.  During extended periods of snowfall, experience has proven that it is easier to clean the panels every 1-2 hours, even if it is still snowing and especially before nightfall, because the snow is easier to remove when it is still fluffy and much more difficult to remove if it hardens or freezes.

ii. The snow must be completely removed from all of the panels’ surfaces (including corners and edges).  If a small portion of one of the solar cells (each panel consists of a string of round solar cells) is covered/shaded, then the whole panel can stop producing power.  The reason for this is that the solar cells are connected in series – if one is shaded, it blocks the flow of current through the whole panel.
b. Take readings from the Trace meter 2-3 times per day, which takes less than 1 minute per occasion.  (The format for recording data is available from Lots Energy or at the hospital.)
i. Encourages familiarity with the system and status readings under different circumstances

ii. Provides valuable performance data to help analyze the power system
1. Records from previous seasons are posted on the wall of the power room to help provide a useful reference for future doctors.
c. Keep loads turned off as much as possible

i. Especially after heavy loading and during times of prolonged low sunlight

d. During critical situations, turn off the power pack pump and circulation pump, which consume a lot of electricity during sunlight hours

e. Whenever possible, use “recreational” loads during the daytime (e.g. recharging walkman batteries, recharging the laptop, etc.)
i. Power will go straight from the solar panels to the loads, thereby “skipping a step” – it will not have to be “added and withdrawn” from the batteries, which results in a slight power loss due to the battery’s internal resistance and other inefficiencies
9) What ELSE DO YOU NEED TO KNOW?
a. The oxygen concentrator uses the same amount of energy REGARDLESS of the number of liters being consumed or the number of people (one or two) using it.  The oxygen concentrator will consume between 11-13.5 amps which can be seen on the Trace meter.
b. The inverter has an automatic power shut-down function to prevent the batteries from being over discharged.  This will help ensure a long battery life.  However, a person’s life is more important than the battery bank’s life, so the settings for this shutdown feature are set to specially customized settings each season.  When the batteries reach 20V, an alarm bell will sound.  This bell can be shut off by hitting the large switch in the power room above the Trace meter.  When the bell rings, the power system will shutdown AFTER 15 MINUTES.  During this time, preparations should be made to switch patients to oxygen bottles, light candles, find flashlights, etc.  The power system will not come back on until a charge current (usually occurring during daylight or if the wind picks up) charges the batteries back up to 25V.

c. Lotus Energy’s office in Kathmandu can be called at any time in case of emergencies or questions.  When dealing with the power system, please remember that “there are no stupid questions” and feel free to call Lotus Energy for ANY questions or concerns.

i. Lotus Energy KTM Office phone number:  +977-1-4418203

ii. 24-hour number (after office hours):  +977-1-4425245

1. Outside of office hours, a security guard will answer the phone (perhaps after many rings) and may not speak good English.  A message can be relayed via the guard to any staff member in case of an emergency.
