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Executive Summary 

This preliminary Project by students from the University of Engineering and 
Technology UTEC, under guidelines Hydrogen Student Design Contest develops 
a design of micro-electrical grid for the energetic backing of a hospital.  

Has been selected the Regional Hospital of Lambayeque, since it has a 
renewable biomass resources since its economy is based on fishing, Commerce 
and agriculture; It's a vulnerable population of 1.112.868 inhabitants for its 
location close to the Ecuador having as factors to endemic diseases prevailing in 
tropical regions; the poor reliability of the electrical network in the North of the 
Peru caused by the negative impact in the energy matrix in Peru due to the el 
Niño phenomenon since the lack of rain decreases the flow of rivers and the 
generation of hydroelectric energy is reduced. 

Production design includes three processes, first the use of 1320 kg of rice husk 
to produce 3000 m3 of biogas. Second, the 3000 m3 of biogas through 
purification processes get 480 m3 H2. Finally, the number of retrieved hydrogen 
will go 90 m3 for energy production which is equivalent to 10% and the 390 m3 
for 48 hour emergency system. Daily use system will produce 40 kw of rated 
440kw of electric power produced will be sufficient to meet the energy need of 
the hospital for 48 hours.  

The electric energy produced will connect through a micro-network transmission 
to hospital. Then connects you directly to the main electric Board of the hospital, 
it will feature an automatic switching system against unexpected cuts in supply 
or continuous decrease of the nominal power so that the hospital has a supply of 
installed capacity of 300kW. 

The production system is considered national and international standards 
regarding use of hydrocarbons. It is considered an evaluation in safety and health 
through the identification of hazards, risk assessment and the implementation of 
preventive measures during the operation. Evaluates the environmental and 
socio-economic impact to the city. 
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1. Design Data and Equipment Drawings 

Table 1.1. Design and Equipment Drawings 
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1.1. Problem Statement  

   
Currently due to increased demand for electric power many cities, among them 
Lambayeque, cease to be supplied by distribution stations. Given the importance that 
has the hospital services, is essential to develop alternatives for backing to provide 
energy resources of cities. The proposal for use of biomass in the production of biofuels 
including there is methane and hydrogen and then via processes produce enough power 
to meet the demand of the sector health and vulnerable sectors the energy deficit. 
  
In 2014 the city of Lambayeque electric service provider had an average of 12.72 
electrical outages releases by the company Electro Norte. 
  
The number of interruptions in the city of Lambayeque amounts to 220 power cuts. So 
the main services such as hospitals, schools and airport are affected 
  
The Lambayeque Department presents an economy related to the cultivation of rice. 
  
The el Niño climate phenomenon: the Chairman of the Committee of economic operation 
of the interconnected national system (COES), César Butrón, said mail that the presence 
of the El Niño phenomenon will if affect electricity generation because hydroelectric 
power stations in Central and southern would have water supply problems due to the 
drought that causes in those parts of the country. At the same time in the North it could 
affect the path and causes damage, this in turn could increase the cost of production for 
the renewal of equipment. 
  

 

 

1.2. Alternative solutions  
 

1.2.1.  Biomass supply 
 

 The Lambayeque Department located 
in the North of the Peru is one of the 
major rice-producing regions. In the 
last years has considerably increased 
this cereal production thus increasing 
the waste generated by productive 
activity. However, the opportunity to 
use the waste as the husk of rice to 
implement an electricity generating 
plant is clear. 
The first phase of our plant will be the 
provision of inputs. Currently, farmers 
burning rice husks to prevent cost 
overruns or if they work with 
companies, they sell the husk of 70 to 
80 soles ton. Its main creditors are 
companies brick factories who use it in 
their production processes and businesses dedicated to the production of fodder 
for livestock. Despite the fact that already has companies working with this waste 
as input to his private practice, arises use this residue as input to generate electric 
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power with social application in hospitals, clinics, airports, and major 
establishments of the place. 
  

The department of Lambayeque is located in northern Peru it is one of the major 
rice producing regions. In recent years it has significantly increased rice 
production increasing waste generated by production activities. However, there 
is a clear opportunity to use waste as rice husks to implement an electricity 
generating plant. 
 
The first phase of our plant will be procured inputs. Currently, farmers burn rice 
husk to avoid cost overruns or work with companies selling these hulls Suns 70-
80 per ton. Its main creditors are the brick companies who use it in their 
production processes and companies dedicated to the production of livestock 
feed. Despite it already has companies working with this waste as an input to 
private activity arises use this residue as an input to generate electricity with 
social application in hospitals, clinics, airports and main facilities of the place.  
 

The rice-growing companies have stores of waste. Some of them place brick 
marketed the rice husk by metric tons with companies. In this sense is enabled 
companies of heavy transport of rice husks, who listed the freights of transport 
depending on the amount and distance traveled 2 and 3 ton transport trucks 
transport has been considered. The route will be from the warehouses of the 
company until the project plant. 
 

Rice companies have waste storage facilities. Some of them sell rice husk brick 
metric tons businesses here. In this regard it is trucking companies enabled rice 
husk, who depending on the amount and distance traveled traded freight 
transport. It was considered transport by Lorries carrying 2 and 3 tons. The tour 
will be from the warehouses of the company until the project plant. 
 

1.2.2. Biomass Transport 
 
Phase 2 considered the procurement 
logistics, transportation, and you will 
have a place of temporary storage of 
biomass in case of emergencies by 
atmospheric phenomena (el Niño 
phenomenon). This store will be located 
in the vicinity of the plant and as much 
as possible as close to the power inputs 
for the generation of biogas. Measures 
of security according to the law 29783 - 
shall be taken law on safety and health 
at work and its rules of procedure 
DS005-2012-TR, as well as also with 
the rules of the environment 28611 
28611 - General Law. 
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Phase 2 considers the supply logistics and transport and there will be a temporary 
storage of biomass in emergencies by atmospheric phenomena (El Niño). This 
store will be located in the vicinity of the plant and as close as possible to power  
input for generating biogas. Also the rules of the Law 28611 and Safety Act 
Occupational Health and its regulations DS005-2012 - TR and - 28611 General 
Environmental safety measures shall be taken in accordance with Law 29783. 

 

 

 

1.2.3. Biomass Temporary Store 
 

 

 

Phase 2 considers the supply logistics and transport and there will be a temporary 
storage of biomass in emergencies by atmospheric phenomena (El Niño). This 
store will be located in the vicinity of the plant and as close as possible to power 
input for generating biogas. Also the rules of the Law 28611 and Safety Act 
Occupational Health and its regulations DS005-2012 -TR and - - 28611 General 
Environmental safety measures shall be taken in accordance with Law 29783.  
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1.2.4. Generation Biogas from Biomass 

In this Phase 3 production phase starts on 
the ground. Storage or direct entry input will 
be transformed into biogas using the 
computer. The gasifier is essentially a 
chemical reactor, where various physical and 
chemical processes take place different 
processes cuatros complex takes place in a 
gasifier are as follows. 
 

 

 

 

 

 
 
 
 
 
 
 

1.2.5. Produce Hydrogen from 
Biogas 

  

Gas Purifier is the process by wich, it is clear 

hydrogen pure for an early conversión to 

energy. 

 

 

 

 

 

1.2.6. Storage Hydrogen 

After the purification process, store 

the hydrogen in its phase liquid in the 

cylinder TUFFSHELL, compress it, 

and then extract it to pass to the 

gaseous phase, which is what we use 

to be able to transform energy. 
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1.2.7. Generation Energy from Hydrogen (Fuel Cell) 
 

 

 Maybe, this is the most important 
process phase, since, not only should 
be used correctly the fuel cell to 
achieve the conversion of hydrogen 
energy at its maximum efficiency if you 
don't have to also respect the safety 
rules for the use of hydrogen. 
  

The Fuel Cell is an innovative 
technology to generate electrical 
energy. We own design select specific 
fuel cell that use hydrogen to produce 
125kw of energy. With an efficiency of 
50%. Previously stored hydrogen will 
flow through a metal tube to the inlet of 
the fuel cell terminal. On the other hand 
the fuel cell will take air provided by 
atmosphere make the respective 
reaction. From the reaction you'll get electricity + water vapor. The current is 
going to filter through an electrical filter to avoid harmonics. DC to AC current will 
then be reversed (a half-power alternator will be used). And finally connect to the 
transmission line of the hospital. 
.  
 

1.2.8. Refuling 
Unfortunately the Peruvian market is not ready for the implementation of such 
systems. 
However, we have left a space in the plant to be able to deploy in the future. 
 
 

2. Safety Analysis 
 

 
2.1.  Identification of Hazard, Evaluation Risk and Control Implements 

 
Sub Procesos: Storage of biomass, Biomass Gasification, Membrane 
purIfication biogas, Fuel Cell 
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Table 2.1 Identification of Hazard, Evaluation Risk and Control Implements 

 

 

3. Regulations, Codes and Standards  
 

 National  

 

Law 29783 – (Ministry of Labour) Law on Safety and Health at Work. 

DS 005-2012-TR (Ministry of Labour) Act Regulations on Safety and Health 

at Work 

RM N111-2013-MINEM (Ministry of Energy and Mines) Electrical Safety 

Regulation 

RM 161-2007-MINEM (Ministry of Energy and Mines) Electrical Safety 

Regulation 

Law 26896 – Evaluation Environmental Impact 

Law 27314 – Law solid waste handling 

Process : Hydrogen Production and Energy Generation

Elaborate by: Enzo Ochoa Montes

Sub Procesos: Storage of biomass, Biomass Gasification, Membrane purIfication biogas, Fuel Cell
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National Building Regulations of Peru 

 International  

NFPA 10: Standard for Portable Fire Extinguishers 

NFPA 55: Compressed Gases and Cryogenic Fluids Code 

 

NFPA 55 - National Fire Protection Association 

 

NFPA 853: Standard for the Installation of Stationary Fuel Cell Power 

Systems, 2015 Edition 

 

ANSI/CSA FC 1-2014 - Fuel cell technologies - Part 3-100: Stationary fuel cell 

power systems - Safety (Adopted IEC 62282-3-100:12, first edition, 2012-02 

with U.S. deviations) 

 

CGA P-1: Safe Handling of Compressed Gases 

ASTM D760 Standard Practice for Sampling of High Pressure Hydrogen and 

Related Fuel Cell Feed Gases 

National Fire Protection Association (NFPA) 2 Hydrogen Technologies Codes 

2. ISO Draft International  

Standard (DIS) 26142 Hydrogen Detection Apparatus. 

International Building Code (International Code Council, 2009) 

 

4. Setting, Operation and Maintenance  
 

To start the process Gasification used 12,000 kg of rice husk ( biomass ) which 
occupied 3,000 m ^ 3, then producing 600m ^ 3 for 11 hours , this operation will 
take 5 days to produce 3 000 m ^ 3 and then with purifier obtain 20% of H2 equal 
to 600 m 3 . 
Finally we store it in tanks in liquid phase H2 compressed and then 
decompressed to move to the gas phase, which is required to feed the fuel cell 
and can produce 440 kW of power. 
  
The plant operation requires periodic (6 cycles) maintenance so that in this way 
the process is optimal and can have a good rate of return in the shortest time 
possible. It also allows avoid aging (oxidation) premature equipment. 
 
Our goal is to meet the safety standards and the environment and ensure the 
availability and reliability of the equipment and facilities. 
 
 
 

http://www.nfpa.org/codes-and-standards/document-information-pages?mode=code&code=10
http://www.nfpa.org/codes-and-standards/document-information-pages?mode=code&code=55
http://www.nfpa.org/assets/files/AboutTheCodes/55/TIA55-05-1.pdf
http://catalog.nfpa.org/NFPA-853-Standard-for-the-Installation-of-Stationary-Fuel-Cell-Power-Systems-2015-Edition-P1378.aspx?icid=B484
http://catalog.nfpa.org/NFPA-853-Standard-for-the-Installation-of-Stationary-Fuel-Cell-Power-Systems-2015-Edition-P1378.aspx?icid=B484
https://law.resource.org/pub/us/cfr/ibr/003/cga.p-1.1965.pdf


12 
 

 

 
5. Cost and Economics  

 
5.1. Purchase and Installation Cost(Costos compra e instalación de 

equipos) 
 

Capital costs for all equipment, including installation costs. 
 

Table 3.1.1: Capital Summary 
 

 

 

 

𝑪𝑶𝑺𝑻𝑺 𝑨𝑵𝑫 𝑬𝑪𝑶𝑵𝑶𝑴𝑰𝑪𝑺 

UNIT 𝑫𝑬𝑺𝑪𝑹𝑰𝑷𝑻𝑰𝑶𝑵 𝑸𝒖𝒂𝒏𝒕𝒊𝒇𝒚 𝑷𝒓𝒊𝒄𝒆 

𝑩𝑰𝑶𝑴𝑨𝑺𝑺 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 1 𝑇𝑜𝑛. $ 22.92 

𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑅𝑖𝑐𝑒 𝐻𝑢𝑠𝑘  1 𝑇𝑜𝑛. $ 305.98 

𝑷𝑹𝑶𝑪𝑬𝑺𝑺  

𝑰𝒏𝒇𝒓𝒂𝒆𝒔𝒕𝒓𝒖𝒄𝒕𝒖𝒓𝒂 

𝐴𝑟𝑒𝑎/𝑚2 𝑚2 $ 150.00 

 

𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒗𝒆 𝑷𝒓𝒐𝒄𝒆𝒔𝒔 

𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 500 𝑚2 $ 75 000.00 

𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝑇𝑟𝑎𝑖𝑛𝑖𝑛𝑔 
 

 $ 165 .00 

𝐺𝑎𝑠𝑖𝑓𝑖𝑐𝑎𝑡𝑜𝑟 𝐺𝑒𝑘 𝐺𝑎𝑠𝑖𝑓𝑖𝑒𝑟 𝐾𝐼𝑇 1 $ 6 500.00 

𝑃𝑢𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑀𝑒𝑚𝑏𝑟𝑎𝑛𝑒 1 $ 5 500 𝑡𝑜 $ 6 500 

𝑆𝑡𝑜𝑟𝑎𝑔𝑒 𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛 (𝑐𝑖𝑙𝑖𝑛𝑑𝑒𝑟) 1 $ 258.00 𝑡𝑜 $ 958.00 

𝐹𝑢𝑒𝑙 𝐶𝑒𝑙𝑙 1 $34000.00 

𝑫𝑨𝑻𝑬 𝑯𝑶𝑺𝑷𝑰𝑻𝑨𝑳  

𝑪𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏 𝑯𝒐𝒔𝒑𝒊𝒕𝒂𝒍 

𝐷𝑒𝑚𝑎𝑛𝑑 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 380 kW − 

TOTAL $ 123601.9 
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6. Environmental Analysis 
 

The interest on the project of hydrogen, led us to develop an energy system that 
is sustainable to supply electricity from rice husks, taking advantage of this 
biomass will help reduce rates of pollutants. 

This new clean energy system, aims to preserve a healthy and balanced 
environment for the full development of life, also allows to protect biological 
diversity and natural resources effectively. 

In areas where rice is harvested, burned large quantities of this biomass, since it 
is considered as waste. Therefore, the pollution in this area is high percentage 
since CH4 and N2O is emitted. The inhabitants of these producing departments 
will benefit by the efficiency of this new system, the utility bill costs will be 
reduced. The implementation in hospitals will also be of great benefit, this form 
will improve patient care for the same there is no electrical outages. 

According to the energy matrix in Peru: "the primary energy sources most used 
for the production of electrical energy and for final consumption are oil and gas 
natural (46%), natural gas 

(27%), biomass (13%), hydropower (11%) and coal (4%) "." 

 

According to the design, in the membrane 4 losses generated per ton of biomass 
will have the following composition: CO, CH4, CO2, N2 and H2. I.e. will have 
lower percentage of biomass burning that releases large amounts of 
pollutants. This explained that the production process uses biogas, which means 
a reduction of 298.996 Mt of CO2e/year. Therefore, the focus of this project is to 
improve the vision of the environment to strengthen and improve the social impact 
of the development of these producing departments. 
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7. Interface Design / Customer Education 
 

7.1. Renewable Energy Educate Programme 

 
                      EDUCATIONAL PROGRAM  
 

We are aware that the hydrogen in the Peru never has been used as a source of 

energy, to pass that already is being used in other parts of the world. However, 

this is the opportunity to let people know about use and technology based on the 

hydrogen, as also to know the advantages and the disadvantages. It is true that 

not everyone will be interested in this issue, but our commitment is to reach the 

largest number of people. 

On the one hand, we will convene to the entire population for those 

interested to attend the talks which were held for 2 days with so far as 

concerned the first talk and then a talk there will be every two months, said 

talks were held in the Auditorium of the regional hospital of 

Lambayeque. Note that talk is aimed at all stakeholders on the issue either 

side, University students, professional. Etc. The topics are as follows: 

1. The basics of chemistry and energy will be 

developed. 

2. Describe the fields in which serves the 

hydrogen. 

3. Will analyze the environmental pollution in 

the área and bad that use of the fuel can 

be conventional. 

4. Will announce the existing technologies for 

the use os the hydrogen. 

5. Were about energy efficiency. 

6. Were about energy efficiency. 

7. Hydrogen as clean energy. 

8. Recognition and understanding of the 

rules of safety in the use of the hydrogen. 

It is possible that not all people attend the talk. However, thinking about these 

people. Later there will be a radio program. The program will be broadcast on the 

radio stereo 95 since it is the more tuned in that area and are listed all the issues 

already mentioned above. 

On the floor there will be a showroom, where the operation of the plant with the 
use of animated videos will be presented. And interested persons can assist 
regardless of age and educational level. 

Finally, one week we will make the program learning about hydrogen 
energy where we train persons who will operate on the ground. To do this, we will 
hire to experts in this field. Managers operate on the ground will be qualified and 
selected by a previous examination. Operators will be able to know and 
thoroughly apply safety rules and protective equipment to prevent any type of 
accident. 
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