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Abstract - The distribution of the combined heat and power system is active as a solution to the instability
of energy supply and environmental pollution caused by continuous industrial development. In Korea, the
safety standards for combined heat and power system using a gas engine are insufficient therefore the study on
this is needed. In this study, the safety performance and structural/material assessment items of domestic and
international standards applied to the combined heat and power system were analyzed to carry out a stand-
ardization study on safety performance applicable to 20 kW gas engine combined heat and power system. In
addition, the safety performance assessment (plan) of the gas engine combined heat and power system was de-
rived by performing risk analysis and risk assessment using HAZOP. Assessment items include engine ignition
systems related to safety performance, piping tight performance, watering and temperature rise performance,
combustion performance, electrical efficiency, thermal efficiency, overall efficiency and humidity
performance. Gas and water pipes, gas control and shut-off valves, durability, heat resistance, and cold resist-
ance of metal or non-metallic materials related to the structure and materials of the gas engine combined heat
and power systems.
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Fig. 1. The diagram of micro-combined heat and power system.
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Table 1. Domestic and international standards for combined heat and power systems

Country Code No. Issuing Entity Code Name Year
EN 50465 European Product Standard 'for Combined Heating 2015
Power Systems using Gas Fuel
Europe EN 132034 European Norm Gas-Fired Domestic Appliances Producing Hot Water 2016
EN Energy Performance of Buildings-Method for Calculation of 2017
15316-4-4 System Energy Requirements and System Efficiencies
IEC Fuel Cell Technologies- Part 3-100: 2014
62282-3-100 International Stationary Fuel Cell Power Systems - Safety
Interna 1 hnical
tional EC Eectrote.c . ca Fuel Cell Technologies-Part 3-400:
Commission Stationary Fuel Cell Power Systems — Small Stationary Fuel Cell | 2016
62282-3-400 . .
Power System with Combined Heat and Power Output
A F 025-06 Japan .Gas Appll:an.ces .Regulatlon for Small Gas Engine . 2009
Inspection Association Combined and Heat Power System Inspection
Japan JIS B 8122 Test Methods for Measuring Performance of Cogeneration Unit 2009
Japanese Industrial
IS B 8124 Standards Committee Requlrel.nents ?f the Compon.ents of the 2018
Gas Engine Driven Cogeneration Package
KS B 8911 Reclprocau.ng Internal Combustion Gas Enfgmes for Domestic 2016
Cogeneration - Power and Gas Consumptions Test Methods
Korean Agency Domestic Combined Heat and Power Generator using Internal
KS B 8912 of Technology R . 2016
Gas Combustion Engines - Performance Test Methods
and Standards
Combined Heat and Power Unit using Internal Gas Combustion
Korea KS B 8913 Engines for Building - Performance Test Methods 2017
Korea Energy . . .
SPS . Domestic Combined Heat and Power Generation System
Appliances . . . . 2016
KEAA 17 . using Internal Gas Engines - Installation Requirements
Industry Association
KGS AB934 Korea Gas .Safety Facility/Technical/Inspection Code for Manufacture of Gas Fuel 2016
Corporation Cells
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Table 2. Gas engine combined heat and power
system safety performance assessment

items
Part Safety Performance Assessment Items
- Engine Ignition
- Gas Pipe Gas Tight
- Combustion Performance
- Temperature Increase Performance
Safety - Water.ing Pel‘fo@ance
Performance | - Electrical Efficiency
- Thermal Efficiency
- Overall Efficiency
- Humidity Performance
- Temperature and Humidity Cycle Test
Performance, etc.
- Revolutions per minute (rpm) of Engine
- Engine Oil Pressure and Temperature
- Temperature of Lubricating Oil and
Safety Cooling Water, Heat Exchanged Water
Devices - Lubricating Oil Pressure
- Power System
(Over Voltage, Over Current, Under
Volta- ge, Reverse Power), etc.
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Table 3. Method of combustion state performance
assessment

Country Combustion State Performance Assessment

- Continuous Supervision

- Shutdown before the CO conc. exceed 0.2%
- Start-up Supervision

-No Start if the CO conc. exceeds 0.1%

Europe

- Test Condition
: Maximum (Power Output 100%) and
Minimum
- CO conc. of 0.28% or less in theoretical dry
combustion gases

Japan

- Fire Transfer

- Combustion State

- Digestion

- CO% (Less than 0.10%)
- Back Fire

Korea
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Table 5. Analysis

Zg)o) by kel wEh A+

of risk factors for gas engine combined heat and power system

Department

Cause of Risk Factor

Result of Risk Factor

Pipe Aging
Corrosion Occurrence

Fuel Supply Faulty Fuel Supply Piping Tightening

- Fuel Gas Leak
- CHP System Over Temperature

System - Separation from Pipe Connection - Damaged Valve due to Backflow of Fuel
- High Pressure and High Temperature Fuel Supply Gas, etc.
- Less Plumbing Length, etc.
- Hose Hardening and Deterioration
- Cracks and Abrasion - Leak of Lubricant
Lubrication - Low .Qualhity of Lubricant . - Damage to the CHP System
System - Deterioration due to Changes in Lubricating - Overheating of CHP System

Lubricant Temperature Rise

Broken and Ignited System Parts

- Lack of Lubricant - CHP System Explosion and Fire, etc.
- Decreasing of Ignition Point, etc.
- Hose Hardening and Deterioration
e i, ek of Gt W
Cooling System Lackyof gzolir% Watir - Over Heat Occurred
g - CHP System Explosion and Fire, etc.

Failure of Parts

(Cooling Fan, Thermostat, Water Pump, etc)

Temperature Drop in CHP System
Mixture of Water During Combustion
Intake Valve Poor Operation
Cylinder Gasket Break

Fault of Ignition System

Faulty of Fuel Mixture

Muffler Failure, etc.

Intake-Exhaust
System

Combustion Delay

Faulty of Ignition

Overheating of CHP System

Flue Leak to Intake Air

Emission of Unburned Gas to Exhaust
Ignition due to Hot Exhaust Heat, etc.

Damaged Insulate Coat

Ignition Plug Contamination
Overload Protection Fault
Connector Off

Faulty of Connection, etc.

Electric System

Faulty of Wiring Protection, Ignition Switch

Wiring Damaged

Faulty of Ignition and No Combustion
Over Current Occurred

Electric Fire Occurred, etc.

Malfunction of Sensors

Electronic Control
System

(Intake Air Generator Composition Sensor, Temperature
Sensor, Cooling Water Temperature, Oxygen Sensor,
Crank Angle and Ignition Control Sensor, etc )

CHP System Over Temperature
Fuel Liquefaction
CHP System Explosion and Fire, etc.
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Table 6. Result of HAZOP study of micro-gas

A8 a2 AL GAE 2
H o 2 Check

List, 4M (4M Risk Assessment), CCA (Cause- Cons-
equence Analysis), HAZOP (Hazard & Operability

Studies), PHA (Preliminary Hazard Analysis),

engine combined heat and power systems

Poor Contact of Connector

Ignition by Leaked Gas

Node Deviation Cause Consequence Safety measures
Corrosion . - Gas Leakage Detector
(Crack) - Crack of Arts due to Aging |- Leakage of the Fuel Gas - Periodic Inspection Components
Fuel
System . - Installation Inattention - Serew .zmd Fastening Band - Gas Leakage Detector
Separation | Occurrence of Vibration Loosening - Periodic Inspection Components
- Leakage of the Fuel Gas Pe P
- k of Parts Agi - Al ic Shut-off Functi
Corrosion Crack of Parts due to Aging - Leakage of the Engine Oil utomatlc'S ut-of unctlon.
(Crack) - Occurrence of Parts Engine Svstem Overheatin when Engine Exceeds Certain
Vibration £ b J Temp.
- Aut tic Shut-off Functi
Lubricating | Exceed Use |- Non-compliance Exchange - Engine Damage due to Friction utoma lc. utotl une 10n.
. . . R when Engine Exceeds Certain
System Period Cycle of Lubricant - Engine System Overheating Temp
Engine Damace due to Friction |~ Automatic Shut-off Function
Low Level |- Failure of Oil Level Sensor g. & . when Engine Exceeds Certain
- Engine System Overheating
Temp.
Cooling Exceed Use |- Non-compliance Exchange - Engine Damage due to Friction | Automatlc. Shut-off Functlonl
. X . R when Engine Exceeds Certain
System Period Cycle of Cooling Water - Engine System Overheating Temp
Corrosion |- Insufficient Tightness of - Gas Backflow to Intake Manifold |- Periodic Inspection Components
(Crack) Intake Valve - Explosion within Suction Pipe of Intake System
. - Filter Aging and Moisture |- Delay of Combustion - Periodic Inspection Components
Malfunction . . .
Intake Mixing in the Cylinder - Back-fire at the Next Cycle of Intake System
Exhaust . . . o .
Svst Less Flow | Failure of Air Flow Sensor (- Occurs of Misfire, Unburned Gas |- Periodic Inspection Components
ysiem - Decreasing of Air Ratio - After-fire in the Exhaust System | of Intake System
- Wrong Way to Installation |- Ignition by Radiative Heat - Perform Installation Inspection
Misplacement |- Dry Thing near Exhaust Transfer - Compliance of Distance
System - Fire Accident Separation
. . |- Contamination by Carbon on - No Eff'ectlve Spark and - Periodic Inspection and Replace-
Contamination the End of Spark Plu, Explosion ment of Electric System
P £ - After-fire in the Exhaust System Y
Electric Flow into Power Distributor Gas Leakage Detector
Control Crack - Leakage of the Fuel Gas . e o & .
- Explosion by Ignition Flame - Periodic Inspection Components
System
) Wire’ . CTomics —y ‘
‘ Tear~of ire’s Insulating Igmflon by High-Temp - Gas Leakage Detector
Malfunction Coating Equipment

- Periodic Inspection Components
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Table 7. Structural and material assessment items
of internal combustion engine power
system

Department Assessment Items

- General Internal Combustion Engine
System

- Gas Injection

- Gas Disposal Valve

- Gas and Exhaust Pipe

- Combustion Gas Passage

- Engine Ignition and Protection

- Generator Control

- Generator Breaker, etc.

Structure

- Gas Pipe

- Packings and Seals

- Combustion Gas Passage

- Insulation

- Vibration Insulating Material
- Noise Material, etc.

Materials
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Table 8. The list of gas engine CHP system safe-
ty performance assessment items

A 2=wel

Department Assessment Items

Engine Ignition State

Actual Infiltration Performance of Gas
Pipe and Passage

Watering Performance

Gas Consumption

Temperature Increase Performance

- Normal Temperature Increase
Performance

- Abnormal Temperature Increase
Performance

Combustion State Performance

Safety Performance of Power Department
- Heat Recovery Efficiency

- Electrical Power Capability

- Power Generator Efficiency Performance
- Insulation Performance, etc.

Engine Vibration

Performance of Sensors (Cooling Water,
Lubricant, etc.)

Gas Leak Detector, etc.

Safety
Performance

Gas and Water Pipe
Gas Valve

Gas Shut-off Valve
Metal/Non-metal Material
Generator Control System
Durability

Tolerance to Cold
Heat-resisting Property
Corrosion Resistance
Intake/Exhaust Valve
Spark Plug, etc.

Structure
and Material
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