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Element 1 Corp 壹元素公司
Background 背景

Scalable, Reliable, and Affordable Hydrogen Generation
模块化，性能可靠，经济适用的制氢机

 e1 is the global leader in small-scale hydrogen generator technology
 Business model is licensing or Joint Venture
 China JV: Zhejiang Element 1 New Energy Technology Co., Ltd. Founded

2018, located in Jiaxing (halfway between Shanghai and Hangzhou)
 Present focus mobility applications in China (trucks, buses, trains, ships)
 e1 是小型制氢机技术的全球领导者

 商业模式：授权或合资
 中国公司：2018年浙江本德新能源科技有限公司成立于嘉兴（紧邻上海、杭州）

Founded in 2010 in Bend, Oregon
2010年成立于俄勒冈州本德市

Founded in 2018 
in Jiaxing, CHINA
2018年成立于

浙江嘉兴

Seeking Strong Manufacturing Partnerships!
寻找强大的生产制造合作伙伴！高博士总经理

浙江本德新能源科技有限公司
jgao@e1china.com
159 2199 9539 (微信)

mailto:jgao@e1china.com
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Element 1 Corp  壹元素公司
Broad IP Protection 广泛的知识产权保护

www.e1na.com

 Unique capability to offer on-board hydrogen generators 
for heavy vehicles

 At present, 24 issued patents (US and foreign), 17 
pending patent applications
• Covers hydrogen generator, reactor design, burner design, 

hydrogen purifier design, and operating method
• File about 3 to 6 new patent applications each year

 Trade secrets
• Durability for shock and vibration (immobilized catalyst, 

hydrogen purifier)
• Efficient heat transfer (compact size, high energy efficiency)

 拥有独特的能力来提供适用于重型车
的车载制氢机

 目前，24个已授权专利(美国和其他国
家，17个专利正在申请中)
• 专利覆盖制氢机、反映其设计、燃烧

器设计、氢气提纯器设计、和操作方
式

• 每年提交3-6个新专利

 商业机密
• 耐冲击，耐震动（固定式催化剂，氢

气提纯器）

• 高效热交换器（体型紧凑，高能效）



4

What is a Hydrogen Generator? 什么是制氢机？
Examples 案例

www.e1na.com

 Electrolyzer电解器（water split by electricity into H2 and oxygen）
（把水电解成氢气和氧气）

• High CapEx and OpEx 高资本成本、高运营成本

• 55 kWhrs electricity  1 kg H2 (US$8.25 at $0.15/kWhr)

 Natural gas reformer 天然气重整 (methane plus water reacted to make H2)
• High CapEx, only possible where there is good NG pipeline infrastructure

 Methanol Reformer甲醇重整器(methanol plus water reacted to make H2)
• Lowest CapEx, no supporting infrastructure required 最低资本成本，无需基建支持

• 6.3 kg methanol  1 kg H2 (US$3.15 at US$500/ton methanol)

 Methanol mixed with water甲醇水混合 is feedstock for e1 H2 generators
• 33% of product H2 is derived from water 其中33%的产品氢来自于水

• CH3OH  +  H2O  CO2 +  3H2

• Cost of produced H2 about US$4 to US$5/kg  产出的氢气成本约4-5美元/千克

• Compressed H2 at fueling stations in California sells for up to US$16/kg

• 在加州加氢站的压缩氢售价高达$16/千克

A completely self-contained 
machine that converts 
feedstock to purified H2

一台完整独立的机器，可以
把原料转化成高纯度氢气

Uniquely suited for 
making hydrogen 
on-board a vehicle
非常适合车载制氢
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Why On-board Hydrogen Generation?为什么用车载制氢？
Think in Terms of kW-hours 首要考虑千瓦时

www.e1na.com

<1 kWhr >1 MWhrHundreds of kWhrs 百千瓦时

Battery 电池

Fuel Cell燃料电池

kW-hours = kW x hours = power x distance (time between refueling)
千瓦时=千瓦*小时=电能*距离（充氢的时间间隔）
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Tube Trailer 拖罐车
Compressed Hydrogen Requires Large Volume! 压缩氢需要大体积！

www.e1na.com

Standard steel tube construction 标准钢管结构 280 kg max

Advanced composites 先进的复合材料 560 – 720 kg

Kenworth Zero Emission Cargo Transit肯沃斯零排货运放 (ZECT) T680 
Tractor   Class 8 卡车级别 8

150 mile range 150 英里里程 (240 km) 

30 kg compressed hydrogen 30千克压缩氢 (5,000 psi or 35 MPa) 

Tube trailer truck would use 50% of its hydrogen cargo 
to travel 350 miles (560 km)

拖罐车将使用其50%氢存量来行驶350英里（560公里）

A better solution is needed ―
on-board hydrogen generator

更优的解决方案——
车载制氢机
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Methanol Tank 
(Same as diesel or 

gasoline tank)
甲醇罐

（跟柴油或汽油罐一样）

Catalytic Reactor催化反应
(Water added to methanol, heated up 

and chemically separated)
（水加入甲醇，加热并化学分解）

H2 Purifier 氢气提纯器
≈99.99% hydrogen

<0.2 ppm CO
<0.2 ppm CO2

LTPEM Fuel Cell
低温PEM燃料电池
(H2 converted to electricity)
（氢气转化为电能）

e1 Technology Scope 
e1技术范围

Power Management 
System

能源管理系统

Burner
燃烧炉

On-Board Hydrogen Generator 车载制氢机
Better than On-Board Compressed Hydrogen 比车载压缩氢更具优势

www.e1na.com
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Low-Temperature PEM Fuel Cell 低温质子交换膜燃料电池
Preferred Fuel Cell for Commercial Applications 商用首选燃料电池

www.e1na.com

 Low-Temperature PEMFCs are widely commercialized
• Mature technology
• Proven track record in stationary and mobile 

applications
• Low cost compared to High-Temperature PEMFCs

 Operate over broad range of environmental 
temperature (-30°C to +50°C) 

 High power density and long lifetime compared to 
High-Temperature PEMFCs 

 低温 PEMFC广泛商业化应用
• 成熟技术
• 固定和移动应用都有可追溯记录
• 与高温 PEMFC相比成本低

 大范围环境温度可操作 (-30°C to +50°C) 
 跟高温PEMFC相比能量密度高和寿命长
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M-Series Hydrogen Generator M系列制氢机
Better Than Compressed Hydrogen 优于压缩氢 Confidential 保密

www.e1na.com

 Sized for 40 kW fuel cell module (model M40) 适用于40千瓦的燃料电池模块
 Very small size—only 0.25 m3 体积很小—只有0.25立方

861 mm

Super Heater 
超级加热器

Vaporizer 汽化器

Reactor 
反应器

Burner Assembly
燃烧器组

Purifier Module
提纯器模块
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M-Series Hydrogen Generator M系列制氢机 confidential保密
Separate Modules for Installation Flexibility  独立模块灵活安装

www.e1na.com

Reactor module with burner and vaporizer 
about 0.15 m3

含有燃烧器和汽化器的反应器约0.15立方

Hydrogen purifier module about 0.10 m3

氢气提纯器模块大约0.10立方

Reactor module and H2 purifier module may be separated to fit available space on the HD vehicle

反应器模块和氢气提纯器模块可以分开以适应重卡可用空间
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M-Series is Small in Size M系列体积小巧
Fits in Location Previously Used for Cylinders of Hydrogen安装在原先储氢罐的位置

www.e1na.com

M-Series + methanol/water gives 5x range of compressed H2 in same space on vehicle

与储氢罐同样的空间放置M系列+甲醇水原料，可以提供压缩氢5倍的里程

1841 mm

880 mm

2200 mm

Space for 2,200 L methanol/water tank (equiv. to 190 kg H2)
Sufficient for 67 hours operation at full power (40 kW)
(only 13 hours operation using compressed hydrogen)
2200升甲醇水的原料罐（相当于190公斤氢气）足够全速行驶67小时（40千瓦）。
（放置压缩氢在车上只能行驶13小时）

Light-Duty Delivery 
Truck, 40 kW FCM
轻型运输卡车，40
千瓦燃料电池模块
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Hydrogen Purification Membrane 氢气纯化膜
Enables Use of Low-Temperature PEM Fuel Cells 用于低温PEM燃料电池

Overview                                概括

Key Advantages                                   主要技术优势

 e1’s membrane purifier was designed to 
enable use of low-temperature PEM fuel cells

 Operation: Passive process works by pressure 
differential

 Product H2: ≈99.99% with <0.2 ppm CO and 
<0.2 ppm CO2

 Lowest initial cost of equipment
 Quiet and simple operation: No moving parts
 High reliability and long lifetime: engineered 

for > 20,000 operating hours
 Easy integration:  no valves, absorbents, or 

complicated controls
Purification module array

纯化模块排列

Developed over 30 years, e1’s 
membrane purifier is the Key to 

low cost H2 generators 
超过30年开发，e1的膜提纯器

是低成本制氢机的关键

www.e1na.com

 e1 膜提纯器为使用低温PEM燃
料电池而设计

 操作：利用压差

 产品氢: ≈99.99% 
含<0.2 ppm CO and <0.2 ppm CO2

 最低初始设备成本

 安静、操作简单：无移动件

 性能可靠，使用寿命长：>20000小时
 简单集成：无阀、无吸附剂，

无复杂控制件
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Volume Production 批量生产
Attractive Economics 投资吸引力

www.e1na.com

• M40 US$11,500 (RMB 78,200)
• M60 US$16,500 (RMB 112,200)
• M80 US$20,500 (RMB 139,400)
• M100 US$25,000 (RMB 170,000)
• M120 US$29,500 (RMB 200,600)

Simple pathway to reduce cost by additional 10% to 20%
简单的优化可使成本再降低10%-20%

 Low cost of manufacture, simple assembly line 
• Capital expenditure about US$5 million (RMB 34 million)
• Building space 6,400 m2 for each manufacturing line
• Capacity of manufacturing line is 3,970 M-Series 

annually (for 30kW to 80kW fuel cell module)
 Detailed manufacturing cost analysis has been completed for 

the M60 (for 60 kW fuel cell module)

 低成本生产，简单组装线

• 固定资产支出约5百万美元（人民币3400万）

• 每条产线建筑面积6400平方米

• 每条产线的年产能3970台M系列制氢机
（适用于30KW至80KW的燃料电池模块）

 M60制氢机的详细制造成本分析已完成（适用
于60KW的燃料电池模块）

Estimated cost of manufacture (volume 4,000 units annually) 生产成本预测（年产4000台）:
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Vehicle-Based Hydrogen Generator 车载制氢机
Key Advantages 主要技术优势

 Occupies smaller space on the HD vehicle 
compared to compressed H2• Result is greater driving range between fueling

 Attractive Economics
• Very low CapEx and OpEx, produce H2 for $3 

to $5 per kg (RMB 20 to 35 per kg)

 Minimal Maintenance
• Simple, routine servicing every 12 months 

 Scalable
• Support 30 kW to MW fuel cells 

 Simple / Familiar Feedstock Storage
• No stored high-pressure H2 required, 

improved safety

• No requirement to invest in gaseous hydrogen 
fueling infrastructure

Accelerates the Adoption of Fuel Cell HD Trucks  加速燃料电池重卡的部署

www.e1na.com

Extreme cold weather 
operation available with 

methanol
极寒天气甲醇可正常使用

 与压缩氢相比占用重卡上更小空间
• 将提高单次补充原料的续航里程

 经济吸引力

• 非常低的资本成本的运营成本，每
千克氢气约3-5美元（RMB:20-35/kg）

 极低维护成本

• 简单，每12个月常规检查

 可扩展

• 支持30KW至兆瓦级的燃料电池

 简单/熟悉的原料存储

• 无需存储高压氢气，提高安全性

• 无需投资气态氢气的加注基建



The End

Dave Edlund
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Element 1 Corp (e1)
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高先生总经理
浙江本德新能源科技有限公司
jgao@e1china.com
159 2199 9539 (微信)

mailto:Dave@e1na.com
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Tube Trailer 管拖车
Compressed Hydrogen Requires Large Volume! 压缩氢需要大体积！

www.e1na.com

Standard steel tube construction 280 kg max
标准钢管结构 280kg 最大

Advanced composites 560 – 720 kg
先进的复合材料 560-720 kg

https://www.energy.gov/eere/fuelcells/hydrogen-tube-trailers

Kenworth Zero Emission Cargo Transit (ZECT) T680 Tractor
肯沃斯零排放货车（ ZECT）T680卡车
Class 8
级别 8
150 mile range (240 km)    
150英里里程（240公里）

30 kg compressed hydrogen (5,000 psi or 35 MPa)
30千克压缩氢（5000 psi 或 35 Mpa
https://www.ccjdigital.com/test-drive-kenworths-hydrogen-fuel-cell-t680/
http://www.hydrogencarsnow.com/index.php/kenworth-t680-fuel-cell-heavy-truck/

https://www.energy.gov/eere/fuelcells/hydrogen-tube-trailers
https://www.ccjdigital.com/test-drive-kenworths-hydrogen-fuel-cell-t680/
http://www.hydrogencarsnow.com/index.php/kenworth-t680-fuel-cell-heavy-truck/
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