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1. Introduction 
Space technologies have revolutionized our understanding of the universe and brought countless 

benefits to our society. From satellite communications to GPS, Global Positioning System, our reliance 

on these technologies has become ingrained in our daily lives. As we push the boundaries of 

exploration further, the lunar surface will become the prime destination for scientific research in the 

coming years, aiming for an establishment of a permanent human outpost on the Moon. Robotic 

missions play a pivotal role in this endeavour, serving as precursors to human presence and enabling 

us to unlock the mysteries of the Moon while preparing for our next giant leap. 

 

The Moon, as Earth's closest celestial neighbour, offers a unique laboratory for scientific exploration, 

free from the atmospheric disturbances and environmental factors that can hinder observations on 

Earth. One of the primary objectives of robotic missions on the lunar surface is to study the Moon's 

geological composition, its history, and its potential resources. Understanding the lunar environment 

is crucial for establishing a sustainable human outpost on the Moon. By sending robotic missions to 

investigate potential landing and resource utilization sites, scientists can evaluate the Moon's surface 

conditions, radiation levels, and potential hazards. This knowledge is vital for ensuring the safety and 

well-being of future human explorers. Robotic missions can also scout for resources, such as water 

ice, which can be utilized for life support systems, fuel production, and as raw materials for 

construction, thus reducing the dependence on Earth for essential supplies. 

 

Thus, the quantity and quality of the data being generated by the robotic missions drives the timeline 

of the human exploration and the growth of the lunar market. This requires an efficient use of the 

rovers when being operated on the lunar surface. Within current projects that focus on finding in-situ 

resources, the mission design is mainly driven by the boundaries of direct earth communication, 

traversable terrain, and the availability of sunlight as the source of power.  

 

Constraints related to Earth communication can be overcome by employing a satellite constellation in 

lunar orbit to facilitate data relay. Finding traversable terrain can be alleviated by charting alternative 

routes to navigate non-traversable terrain.  The complex illumination conditions on the lunar surface 

remain, creating a persistent challenge to finding a reliable power source for these robotic explorers. 
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Figure 1: Primary Mission Constraints for Lunar Exploration 

Addressing this challenge head-on, Lunar Spark, a pioneering company, providing a groundbreaking 

solution transforming the lunar market and enable lunar exploration missions.  

 

2. Problem Statement 
Robotic exploration of the lunar surface is crucial for establishing a continuous human outpost. 

However, the lunar environment presents daunting challenges due to its harsh conditions caused by 

the absence of an atmosphere. One of the major obstacles that robotic missions face is the lunar night, 

during which there is no available energy source for power generation. 

 

The duration of the lunar night varies depending on the location on the moon. On average, the lunar 

night lasts for approximately 14 Earth days.  This varies slightly by latitude.  The local topography will 

also have significant effects near the poles due to the low sun angles. During this period of shadow, 

temperatures can drop dramatically to below 100 K.  This is about 100 K below the freezing 

temperature for Li-ion batteries.  In the absence of power for heaters, these temperatures lead to 

system failures that inevitably result in mission termination. 



 

 

 
Central Case Project 
Executive Summary 

 
 

 

9 
 

 

Figure 2: Monthly and Annual Lunar Surface Temperature Variations at Various Latitudes  

[credit: LRO Diviner presentation CLPS 2022 Survive the Night Technology Workshop – Dec 2022] 

As a result, most current robotic lunar missions are limited to a relatively short duration of 7 to 14 

days. This restricted mission timeframe also means that the exploration area covered by a single 

mission is confined to a few hundred meters around the landing site. If mission duration were to be 

extended, the rover would need to find areas on the lunar surface that receive sunlight or carry 

incredibly heavy batteries, significantly reducing the mission's flexibility. 

 

All in all, the limitations described above cause exorbitant mission costs, stemming from the inherent 

inefficiencies of relying on a single rover operating within a constrained timeframe.  Extending these 

missions would increase the science return and further justify the large costs.  Extending mission 

durations could done a couple of ways. One way would be to equip the rover with larger batteries to 

support extended operations. However, this approach leads to a substantial increase in system mass, 

consequently amplifying the costs associated with launching payloads into space. An alternative 

approach involves establishing charging stations on the lunar surface, which could potentially alleviate 

the mass-related challenges. However, such charging stations would impose constraints on mission 

mobility and flexibility, particularly when venturing into unexplored terrains. These charging stations 

would also be limited to areas where there is adequate sun illumination.  Consequently, there exists 

a critical need for remote power supply solution that can effectively address these constraints in a 

comprehensive manner.  In short, these missions need a power solution that can follow them into the 

dark. 
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By implementing an energy-as-a-service system tailored for the lunar environment Lunar Spark is 

offering remote power services to customers of varying sizes.  The costs associated with individual 

robotic missions can, therefore, be reduced, along with the overall complexity of these missions. The 

establishment and success of a company offering such services in the lunar market hinge upon the 

prevailing market demands, primarily focusing on market size and attainable market share within 

realistic parameters. 

 

3. The Lunar Market 
The Lunar Market is experiencing a surge of interest as multiple nations, including the United States 

(Artemis program) and China (Chang'E project), intensify their efforts to explore and leverage the 

Moon's resources. With the International Space Station (ISS) set to retire by the 2030s, the lunar 

market presents a promising avenue for the establishment of a sustainable lunar economy. In-situ 

resource utilization holds immense potential, enabling the extraction of valuable resources from the 

lunar surface. The competitive landscape among these actors drives technological advancements 

and fosters innovation. Infrastructure development and exploration initiatives are gaining 

momentum, creating exciting opportunities for collaboration and investment in this evolving market. 

The growing interest in lunar exploration underscores the critical need for reliable and sustainable 

power sources. Looking beyond the International Space Station (ISS) era, the lunar economy holds 

great potential. To realize this potential, addressing the power requirements is essential.  

Investing in lunar power infrastructure unlocks possibilities for extended stays, human settlements, 

and sustained scientific research on the Moon. The pursuit of power solutions propels the growth of 

the lunar market, offering exciting investment prospects and ushering in a new era of space 

exploration and development.  

 

Within the Lunar power market, there is a variety of users with varying power demands for their 

activities. For large and stationary installations on the lunar surface, power supply can be provided the 

most efficient also with a stationary solution. For mobile in 
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Figure 3: Target market 

 
Based on the Lunar power market analysis, the robotic and scientific exploration missions are 

identified as an attractive target market, that can be served with an innovative power supply 

solution.  

 

4. Customers and Stakeholders 
In the dynamic landscape of the lunar market, where reliable power access is crucial for success and 

sustainable growth, a diverse customer base plays a vital role. Lunar Spark customers include 

government space agencies, private enterprises, and research institutions, all of whom have unique 

power requirements. To meet their needs, Lunar Spark forges meaningful partnerships, creating a 

thriving lunar ecosystem. 

  

To better understand the power needs of customers, the vehicle power profiles of planned missions 

were analysed. The largest rover mission is the Artemis VIPER mission (Volatiles Investigating Polar 

Exploration Rover).  The VIPER rover is expected to require around 80 W of power to sustain itself in 

hibernation mode while it survives the lunar night.  The average and maximum power numbers for 

VIPER were derived by looking the power required for traverse and during periods of working [NASA 

reddit].  The small vehicle numbers are based on the planned Chang‘E 7 mission.  The total power 

available to their payloads is advertised as 50 Watts [csna.gov].  Estimating that survival needs would 

be 20% of that yields 10 Watts.  Intuitive machines Nova-C lander advertises an available 200 Watts 

for payloads on the lunar surface. [intuitivemachines.com].  Taking 20% of that yields 50 Watts for 

survival power.  Results from the full analysis are summarized in the table below. The table provides 

valuable information on the minimum, average, and maximum power requirements for different 
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vehicle sizes. This data allows tailoring of solutions and ensures reliable power access for each type of 

vehicle.    

 
Vehicle Profile Minimum Power Average Power Maximum Power 

Small Vehicle 10 Watts 50 Watts 80 Watts 

Medium Vehicle 50 Watts 200 Watts 250 Watts 

Large Vehicle 80 Watts 350 Watts 500 Watts 

Table 2: Vehicle profiles and identified power needs for each size 

Lunar Spark has decided to focus on delivering 80 Watts as the minimum viable product.  This will 

allow for the largest vehicles to survive the lunar night and also supports a variety of smaller vehicle 

configurations.  The system will scale from the minimum viable product of 80 Watts.  

 

Understanding the specific power needs of each vehicle category is essential for developing tailored 

solutions that address the challenges of the lunar market. By collaborating closely with regulatory 

bodies, space organizations, investors, and the public, Lunar Spark aligns objectives and builds a 

foundation for sustainable growth. This interaction between customers and stakeholders fosters 

innovation and drives the development of novel technologies and infrastructure, positioning Lunar 

Spark as pioneers in the lunar market. 

 

5. The Lunar Spark Company 
To satisfy the customer and stakeholder needs, the Lunar Spark company is established and registered 

under the laws of Germany. All former SpaceTech participants are founders of the company with an 

equal share of 10% of the company. An internal organization is agreed as follows:  
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Figure 4: Lunar Spark Organizational Structure 

 

An advisory board with the former SpaceTech Coaches, Dr. Wiley Larson, Dr. Jeff Austin, Dr. Peter van 

Wirt, Ulrike Fricke and Peter Schrotter is selected, supporting the company on a voluntary basis in the 

first years.  

The company is dedicated to developing the Lunar Spark system, to operate the system and deploy 

the technology in the lunar market by acquiring customers for the energy as a service product. The 

Lunar Spark company will solve the customers constraints for robotic exploration missions on the 

lunar surface, therefore the following vision and mission is defined:  

Vision 

Lunar Spark is dedicated to effortlessly providing power to customers on the moon, reducing the 

entry barrier for smaller missions into the lunar market and opening up new opportunities for a 

flexible and long-term exploration of the moon. 

 

Mission 

Lunar Spark offers the best option for exploring the moon without restrictions. With our products and 

services, the customer can operate independent of the illumination conditions and without restricting 

mobility. Our goal is to achieve this with minimum effort for the customer. Lunar Spark provides: 

• Readily available hardware for power reception and conversion 

• Integration support of the hardware into the customer vehicle 

• Automatic locating and tracking of our customer on the lunar surface 

• On-demand power 
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6. Mission Objectives 
Based on a proven systems engineering approach, user needs have been collected within stakeholder 

interviews, thus validating the problem statement summarized in chapter 2. Based on these user 

needs, the mission statement of the Lunar Spark company has been defined. This is further broken 

down into five main mission objectives to fulfil the stakeholders’ expectations and run a commercially 

successful company.  

  

Mission Objective 1:   Provide sufficient energy to enable stationary users on the lunar 

surface to survive the lunar night (min 80 W continuous). 

Mission Objective 2:   Provide an end-to-end power delivery solution from space to 

user electrical power system interface.  

Mission Objective 3:   Autonomously detect the user on the lunar surface within the 

service area. 

Mission Objective 4:   Provide coverage to customers at the lunar south pole region. 

Mission Objective 5:   Provide scalability in order to accommodate multiple customers 

and/or higher energy transmission. 

Mission Objective 6: Minimize receiver size and mass not to constraint user mobility. 

  

The mission objectives are used to select the most suitable system architecture and measure the 

system effectiveness throughout the design, implementation, and operational phases of the mission. 

 

7. Alternative Architectures 
To serve the mission objectives, several power supply approaches were considered for the Lunar 

Spark project and being assessed according their fit for the Lunar Spark Stakeholders:  

1. Solar Farm 

2. Rover Solar Panels 

3. RTG (Radioisotope Thermoelectric Generators)  

4. Fuel Cells 

5. Nuclear Power Plant 

6. Space Based Beaming 
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All the approaches were evaluated by the same criteria that include mobility, illumination conditions, 

power capacity, and multi-mission infrastructure capabilities. Each technology's advantages and 

disadvantages are summarized in the following table. 

 

 
Table 3: Alternative Power Technologies 

a. Mobility: Early actors on the lunar surface require mobility for exploration and prospecting. 

Fixed solar farms and nuclear power plants are not ideal due to limited range and the need 

to return for recharging. 

b. Illumination: Lunar orbital mechanics result in long lunar nights and low sun angles at the 

poles where resources are targeted. Solar panel solutions are limited by darkness, affecting 

mission plans and objectives.  

c. Power Capacity: Different vehicle categories have varying power needs. Fixed solutions like 

RTGs (Radioisotope Thermoelectric Generators) and fuel cells score high for power 

generation. Solar panels have limitations for small rovers but can provide higher power for 

larger rovers. 

d. Multi-Mission Infrastructure: Most of the future lunar activities require infrastrucutre for 

long-duration operation that can serve multiple missions. Rover solar panels, RTGs and, fuel 

cells are not capable of providing multi-mission infrastructure support. 

 

Space-based power beaming, where energy is collected and beamed from a lunar polar orbit, excels 

in all categories. It enables mobility, is not limited by illumination, provides adequate capacity, and 

offers 100% renewable energy. Based on the evaluation, the Space-Based Power Beaming approach 

has been selected for the Lunar Spark system, as it meets all key criteria effectively. 
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There are several alternative concepts for energy harvesting and transmission in the context of 

satellite-based systems. Four main concepts are considered: the single satellite solution, the train of 

satellites solution, and ground-based solar array farms with satellite-based distribution. They are 

shown in a figure below. 

 

 

Figure 5: Alternate Mission Concept Options 

The single satellite solution involves launching a single satellite that can provide high power and serve 
multiple customers from the beginning. This approach offers advantages such as lower maintenance 
and operation requirements. However, it also has drawbacks, including a high impact in case of failure, 
the need for a heavy and complex satellite, and potential health and safety issues due to high energy 
levels. 
 
The train of satellites solution adds satellites to reduce the time between charging contacts. This 
approach offers advantages such as redundancy, increased charging opportunities, scalability, and 
potential cost savings through mass production. However, it requires multiple launches and may result 
in higher maintenance and operation costs due to the need to control more satellites.  Lunar Spark 
has chosen to build an automated, scalable system, starting with two satellites that will be 
accommodated by one launcher. The system will scale from there to increase capacity.  
 

8. Proposed Technical Solution 
The overall system, concept of operations, and the system components are introduced in the 
following sub-chapters.  
 

8.1. System Overview 
 

The Lunar Spark team chose to develop a Space-based solar power (SBSP) technology to provide 

power for rovers on the Moon.  Lunar Spark will deploy two satellites in a 700 km altitude polar 

orbit, each being capable to serve customers with a need for continuous power of 80 W.  This 

capacity will easily power large rovers in hibernation mode or several small rovers.  Each rover will 

have a Lunar Spark receiver with a beacon for localization.  Laser power transmission was chosen, as 
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it is more suitable than other waveforms for lunar use cases, because laser technology allows for 

smaller apertures and targeted beams. The receiver uses a laser panel energy receiver for energy 

absorption. Laser receivers are photovoltaic arrays tuned for a very specific wavelength for 

optimized laser reception. Under cold temperature these laser receivers can achieve efficiencies 

higher than solar panels.  The system is highly automated with a small team of operators monitoring 

the spacecrafts and coordinating lunar surface vehicle needs.  Operators configure the spacecraft for 

power delivery, monitor automated localization and vehicle delivery selection, as well as command 

required obit manuevers and troubleshoot any problems. 

 

Figure 6: Lunar Spark Space-Based Power Delivery System 

 

8.2. Concept of Operations 
The fundamental concept of the Lunar Spark system is to collect energy from the sun while orbiting 

the moon and provide that power to vehicles on the surface as the satellites fly over.  The two 

satellites in the system are capable of meeting continuous power needs of the rovers on the moon 

by alternating delivery as they fly over. The overall concept of operation is given below. 
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8.2.1. Power Delivery Concept of Operations 

 
Figure 7: Cyclic Operations Timeline for Power Delivery 

 

The proposed system initially consists of two satellites to provide power delivery to the south polar 

regions, which encompasses latitudes between 80 and 90 degrees south. These satellites exhibit 

orbital anomalies that are positioned 180 degrees apart from each other. During their 180-minute 

orbital period, each satellite offers a 15-minute contact time with the south polar region rovers. This 

contact time alternates between the two satellites. The objective of this configuration is to ensure a 

continuous power delivery window of approximately 15 minutes every 75 minutes for the designated 

south polar region. Power delivery is executed when the elevation angle between the rover location 

and the satellite is above 45 degrees, as this allows for more efficient laser panel energy conversion.  

In this configuration each satellite can satisfy the 80 W continuous power requirement on the surface. 
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8.2.2. Communication Concept of Operations 

 
Figure 8: Cyclic Operations Timeline for Communication and Tasking 

 

Satellites collect information regarding the power status and location of surface vehicles as they 

depart from the south polar region. Through automated algorithms, these satellites determine the 

vehicle with the lowest time-to-live (TTL) and then determine which vehicle is the target for power 

transmission on the next south pole fly over. Subsequently, the power statuses, locations, and the 

selected vehicle are transmitted to mission controllers as the satellite traverses the lunar north pole. 

While the automated selection process is typically reliable, mission controllers may intervene and 

override the automatic selection by choosing an alternate vehicle or confirming the automated choice. 

This provides a human element in the decision-making process, allowing for careful consideration of 

any additional factors or specific requirements. As the satellite departs the north polar region, it 

performs any necessary orbit correction maneuvers, and then aligns its orientation towards the 

selected vehicle's location. As the satellite enters the line-of-sight of the rover, search and acquisition 

algorithms are executed. These algorithms perform the necessary actions to precisely lock onto the 

target vehicle, aligning the spacecraft and laser for efficient power delivery. The search and acquisition 

process completes as the elevation angle approaches 45 degrees, where the power transmission 

process begins. Overall, this systematic approach, combining automated algorithms with human 

oversight and precise search and acquisition techniques, ensures the effective and reliable transfer of 

power to vehicles, ultimately supporting their operations and mission objectives. 
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8.3. System Capabilities 
The primary capability of the Lunar Spark system is to deliver power to rovers on the moon. The 

designed satellite system can provide 2100 W per day of power per satellite to the lunar surface which 

allows the operation of a system with a continuous power demand of 80 W. With two satellites the 

system has the capacity to deliver a total of 4200 W. How this power is distributed could vary 

depending on the number and locations of rovers in the service area. One scenario would have one 

large rover in hibernation with 80 W of additional capacity to service several smaller rovers (up to 8 

rovers at 10 W each). Another scenario might support two large rovers in hibernation (160 W).  With 

rovers at various locations, each will see a slightly different illumination environment. Some rovers 

will be in sunlight while others are in the lunar night. Some rovers may be in permanent darkness 

looking for resources inside craters. Determining the actual power delivery configuration also takes 

into account margins and the criticality of each rover and balances the power and risk appropriately. 

The allocation of which user is served in which orbit is an automated process based on the customer 

energy status and their projected power draw. The energy status of each user is transmitted every 

flyby by the receiver panel to the Lunar Spark spacecraft. Manual interactions with to prioritize 

different users are possible and can be uploaded to the system once every orbit.   Automated user 

localization and tracking using the Lunar Spark power receiver and beacon is another key capability of 

the system which allows for autonomous operation with no need for an interface to the customers 

ground operations team.  

 

8.4. Lunar Spark Laser Receiver 
As one of the mission objectives is to provide an end-to-end solution, it is required to design and 

integrate a part of the Lunar Spark system on the customers vehicle Lunar Spark Receiver.  

The hardware employed in our system plays a dual role: firstly, it converts the optical energy from the 

laser beam into electrical power to charge the rover, and secondly, it establishes the RF link with the 

Lunar Spark spacecraft, enabling precise localization and closed-loop feedback necessary for 

spacecraft fine pointing. 

 

In terms of power conversion, the receiver is illuminated by a laser beam with a wavelength of 445 

nm and a beam intensity of 6193 W/m2. Laser cells meticulously tuned to this specific wavelength 

facilitate a remarkable 60% power conversion efficiency from laser to electric power. Considering a 

10% internal system loss, a receiver area with a diameter of 75 cm is required to provide the necessary 

power for the rovers to operate at a continuous power level of 80 W. 
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Localization and closed-loop tracking are accomplished through the utilization of an RF Beacon. This 

beacon serves as a communication interface between the spacecraft and the system, enabling the 

spacecraft to respond to signals sent during a spiral search. Additionally, information such as the 

battery status of the vehicle, project power draw, and power levels received by the four laser cell 

modules is transmitted.  

The battery status and power draw information is crucial for spacecraft-level decision-making 

regarding the allocation of power to different users in various orbits. The information about the power 

level received in each quadrand, on the other hand, facilitates fine pointing on the spacecraft. To 

enable this, a four-quadrant geometry is established to measure the power distribution over the 

receiver panel and close the feedback loop to the spacecraft. Those functions result in the following 

physical architecture:  

 

 
Figure 9. Receiver physical architecture 

 

8.5. Space Segment 
Lunar Spark's space segment is composed of two identical spacecrafts in the first operational phase of 

the company. Each spacecraft is designed for a mission lifetime of 8 years and carries a high-power 

laser payload following a double redundant concept and it follows a polar Lunar orbit with an altitude 

of 700 km. In the following sections, the most important subsystems will be addressed and some 

details provided. First, the steerable high-power laser payload is addressed. Subsequently, the satellite 

bus will be explored and some words will be shared on the critical subsystems, such as electrical power 
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system, thermal control system, pointing and attitude control subsystems. The complete picture of all 

the spacecraft subsystems is given below.  

 

 

Figure 10: Spacecraft physical architecture 

Each spacecraft has a total wet mass of 3145 kg and a main body in the size of 2 x 2 x 3 m with two 

deployable solar arrays of 25 m2 each and two deployable thermal radiators in the size of 18 m2 

each. 

8.5.1. Payload: Steerable High-Power Laser 
Lunar Spark’s payload is responsible for pointing and beaming energy towards the customer rover on 

the lunar surface. The concept is based on a combination of multiple semiconductor lasers and laser 

combiners to achieve the required output power. On the figure below, an illustration of the payload 

components is presented.  
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Figure 11: An illustration of the laser payload main components including thermal control system 

The payload laser wavelength has been selected to be 445 nm (blue) based on state-of-the-art 

research on lunar regolith dust reflectance properties and the fact that the received power increases 

with the square of the decreasing wavelength, which can be mathematically proven. This is an 

important rationale for choosing a wavelength that is as low as (technically) possible for wireless 

energy transmission. The 445 nm wavelength also has favourable divergence properites. 

In terms of optical engine, the payload is complemented by a steerable beam shaping lens stage, based 

on a Galilean beam expander, which is illustrated below. On the left: Reflecting a collimated is 

representative of power beaming configuration. On the right: Reflecting a divergent or out-of-focus is 

representative of rover spiral-scanning configuration. This is achieved by reducing the distance of the 

objective lens and consequently the laser beam will further expand into a divergent configuration. The 

illustrations not to scale. 

 

 

Figure 12: Conceptual illustration of a Galilean beam expander and reflective mirror 
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The payload specifications are summarized in the table below. 

Laser Payload 

Laser Type Gallium Nitride (GaN) semiconductor 

Input Power 42.7 kW (electrical) 

Output Power 12.8 kW (optical) / 29.9 kW (thermal) 

Laser Efficiency Conservative 30% (Can go up to 48.5%) 

Wavelength 445 nm 

Redundancy Double redundancy concept 

Estimates 

Mass 233 kg (20% margin + redundancy) 

Volume 0.79 m3 (75% margin) 

Dimensions 1.3 x 1.2 x 0.5 meters (LxWxH) 

Table 4: Laser payload specifications and estimations 

 

8.5.2. Satellite Bus 
To support the payload operation, the Lunar Spark's satellite bus is specified and its main challenges 

and solutions to those are described in the following. The approach is aimed at procuring a standard 

satellite bus that is suitable for the mission goals. Nonetheless, there are several elements that will be 

customized for the mission.  

 

8.5.2.1. Electrical Power Subsystem 
Due to the Lunar Spark purpose of power transmission, the electrical power subsystem is a key 

element of the spacecraft to enable the mission. The spacecraft's average power demand of 7.8 kW 

during the 180 minutes orbit is in fairly standard range compared to telecommunication satellites. But 

the high peak power demands of 50 kW required for the power transmission need to be handled 

autonomously on the spacecraft and create a big challenge to be solved. The power needs to be 

provided on demand to the payload when being in sight of the customer’s vehicle. High efficiencies 

are required to avoid thermal impacts on the payload. Therefore, the spacecrafts batteries need to be 

charged during the illumination period and the set of batteries shall provide the energy for eclipse as 
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well as for the transmission period. The power system generation and storage capabilities are sized as 

the following:  

 
Figure 13: Lunar Spark spacecraft electrical power system sizing 

The power distribution within the spacecraft needs to be highly efficient but still cost effective. This 

is achieved by having a dual bus voltage based on the ECSS standards. All subsystems are powered 

with a 28 V regulated bus, centrally regulated and distributed by a Power Control and Distribution 

Unit (PCDU). This voltage allows to use standard subsystem components, which are already qualified 

for space. The payload is operated using a 100 V unregulated bus voltage directly provided by the 8 

battery modules to the payload, protected with Latching Current Limiters (LCLs) and Shunt 

Regulators. This allows to turn on and of the laser power in demand with minimum power losses 

within the spacecraft. From thereon, the laser electronics convert the provided power and operate 

the individual lasers. A total EPS (Electrical Power System) efficiency better than 81% shall be 

achieved to limit thermal impacts on the payload. 

 

8.5.2.2. Thermal Control Subsystem 
Lunar Spark's Thermal Control System (TCS) design requires special attention. More specifically, the 

payload thermal control poses a complex technical challenge. The laser payload will generate 

approximately 30 kW of thermal power during the laser operation, which needs to be dissipated away 

from the most critical components, namely the laser and fine pointing mechanism. The spacecraft 

thermal control system is divided in three parts: Payload, Bus, and Solar Arrays. The spacecraft bus 

relies on passive thermal control whereas the payload relies on active thermal control with liquid 

loops. In-between, there is a thermal isolation layer. The solar panels rely on standard passive thermal 

control. 
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Figure 14: Simplified illustration of the TCS design approach for Lunar Spark. 

 

Below an illustration of the payload thermal control system with redundant payload. 

 

 

Figure 15: Payload illustration with double redundant laser and thermal control systems 

 

The payload uses a single-phase mechanically pumped loop (1θ-MPL). Ammonia was selected as 

cooling fluid, due to its low density. This approach requires a double-layer radiator with a wingspan 

of 14 meters as illustrated below. Several improvement techniques have been used to optimize the 

radiator performance. 
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Figure 16: Lunar Spark radiator wingspan  

The thermal control system specifications are summarized in the table below. 

 

Payload Thermal Control 

Type (Active) Single-Phase Mechanically Pumped Loop 

Load Capacity Can radiate 30.5 kW 

Cooling Fluid Ammonia (58kg of NH3) 

Total Mass 320 kg (10% margin) 

Redundancy Dual pump concept 

Table 5:  Thermal Control system specifications and estimations 

 

8.5.2.3. Pointing Strategy 
The laser pointing concept for the Lunar Spark satellite involves a two-step strategy to ensure accurate 

beam alignment with the receiver on the lunar surface. The overall goal is to maintain precise pointing 

direction and angle to enable successful power transfer between the satellite and the user rover. 

The first step is coarse pointing, which is achieved through the satellite's Attitude Determination and 

Control System (ADCS). Prior to the transmission window, the satellite slews to orient its laser beam 

towards the receiver location. The specific user rover to be serviced is determined during each pass 

over the lunar pole, and its localization data from the previous orbit is used. Once the user to service 

will be in the field of view of the satellite with a sufficient elevation angle, the RF beacon of the user 

will be woken up and the user localization system will provide the real-time relative vector between 

the spacecraft and the receiver. This will allow the ADCS to refine the attitude of the spacecraft. A 

total coarse pointing accuracy of +/- 2 mrad is achieved.  This defines the search angle for the second 

pointing step, the fine pointing.  
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The second step relies on a Fine Pointing Mechanism (FPM) and closed-loop feedback from the 

receiver/beacon. The FPM is responsible for accurately steering the laser beam towards the receiver 

and maintaining alignment over the duration of the transmit window. It operates in two degrees of 

freedom, allowing precise control of the reflective mirror's angle to adjust the beam direction. The 

FPM must have a resolution finer than 623 nrad to achieve the required pointing accuracy. To account 

for margins, a resolution of +/- 400 nrad and an angular range of +/- 2.5 mrad are specified for the 

FPM. The closed-loop feedback from the receiver/beacon utilizes the segmented laser panel. Power 

received by each of the four quadrants is provided back to the spacecraft. The differences in  power 

production between the four quadrants helps identify pointing errors.  Correcting these errors 

continuously adjusts the FPM's position based on real-time information, ensuring that the laser beam 

remains on target.  

 

By employing this two-step pointing concept, the Lunar Spark satellite can achieve the necessary 

accuracy to steer the laser beam towards the user rover on the lunar surface and maintain precise 

alignment for the duration of the transmit window. This enables efficient and reliable power transfer 

between the satellite and the lunar surface. 

 

Pointing main specifications are provided in the table below. 

 
Table 6: Coarse and fine pointing key characteristics 

 

8.5.2.4. User Localization 
For the coarse localization stage, the satellite utilizes a RF link between a microwave antenna on-board 

the satellite and a radio frequency beacon mounted onto the customer's hardware. As the satellite 

flies over the service area, it periodically transmits a wake-up signal. This signal is then received by the 

RF beacon of each customer located on the ground within the current antenna footprint, where it 

triggers the generation of a response signal (transponder-like behaviour). Once the RF antenna on the 

satellite captures the beacon's response signal of the visible customers, it is possible to estimate the 

relative angular direction using a technique called monopulse. The satellite is hereby able to 
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distinguish the response of each customer that might arrive simultaneously and applies the 

monopulse to each received signal. The result of this process is a vector that can be utilized in the 

coarse pointing algorithm for corrections. 

 

8.5.2.5. Attitude Determination and Control System (ADCS) 
The Lunar Spark ADCS subsystem pursues 4 major objectives: 

1. Stabilize the Spacecraft after launcher separation. 

2. Maintain desired orbit/trajectory as specified by the mission requirements. 

3. Control spacecraft attitude to:     

1. Maximize solar energy collection by orienting solar panels towards the sun. 

2. Perform coarse pointing during energy beaming. 

3. Orient TT&C Low-gain antennas towards the Earth during communication windows. 

4. Ensure safe state of the spacecraft at any time, including emergency and anomaly situations. 

 

Architecture of the Attitude Determination and Control Subsystem is illustrated in the figure below. 

 
Figure 17: Attitude Determination and Control Subsystem Architecture 
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Attitude sensing will combine star trackers (3 heads in hot redundancy) with Inertial Measurement 

Unit (2 units in cold redundancy). Six sun sensors are used for Sun direction determination and attitude 

sensing in safe mode. 

 

The required coarse pointing accuracy of 1.75 mrad will be achieved with a zero-bias active attitude 

control based on 4 hot redundant reaction wheels in a pyramid configuration. Those will be the 

primary attitude control actuators in nominal mode when orbiting around the Moon.  

 

Electric thrusters (4 nominal + 4 redundant in cold redundancy) will be used for orbital manoeuvres 

(initial orbit acquisition, station keeping, end-of-life deorbiting), reaction wheels desaturation and end 

of life manoeuvres.  

 

Reaction Control Thrusters (4 nominal + 4 redundant in cold redundancy) will be used for attitude 

control before/during and after Liquid Apogee Engine burn and in safe mode, and for spacecraft 

detumbling after launcher separation. 

  

8.5.3. Spacecraft Launch and Maneuvers 
While there are over 30 launchers capable of launching satellites into space, only a few are sufficiently 

robust to support the demanding requirements of Lunar Spark's interplanetary trajectory. This 

spacecraft launch mass is 3.5 tons of wet mass. Since the Lunar Spark system consists of two such 

spacecrafts, the total mass that must be delivered to the Moon's orbit is around 7 tons. Launchers 

such as Atlas V, Falcon Heavy, and Delta IV Heavy are capable of performing launches including Trans-

Lunar Injection (TLI) maneuvers needed for Lunar Spark. Considering its significant capacity of 17 tons 

for trans-lunar trajectories, Falcon Heavy has been chosen as the primary launcher for Lunar Spark, 

with New Glenn serving as a reliable backup option. 

 

When it comes to transfer options from Earth to the Moon, there are several strategies that balance 

energy requirements, transferred mass, and travel time. The three most common methods are direct 

transfer, low-energy transfer, and low-thrust transfer. Although each has its advantages and 

disadvantages, the direct transfer method emerges as the most viable for Lunar Spark, despite its 

substantial V costs. This is due to the long travel times and high radiation exposure risks associated 

with low-energy and low-thrust transfers. 
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Once the Lunar Spark spacecraft reaches Low Earth Orbit (LEO) via the chosen launcher, a Trans-Lunar 

Injection (TLI) maneuver is initiated to set it on its lunar trajectory. TLI maneuver is energy intensive 

with a ΔV demand of 3200 m/s and is provided by the upper stage of the launcher. This transfer time 

to the Moon is a function of the lunar phase and typically varies between 4 and 5 days. After launching 

onto the trajectory, a mid-course correction is performed at T + 24h to correct any launch vehicle 

errors. The final maneuver, the Lunar Orbit Insertion (LOI) with ΔV of 750 m/s happens at T + 72h and 

results in the spacecraft being captured by the Moon's gravity. Detailed timeline with all the 

maneuvers performed is shown below. 

 

 
Figure 18: Direct lunar transfer maneuvers and timeline 

 

The propulsion system's design and choice of propellant have effect on the spacecraft's mass, 

dynamics, and overall performance. For Lunar Spark's spacecraft, a bi-propellant propulsion system is 

used to perform the LOI maneuver. The propulsion system includes a high-thrust Liqui Apogee Engine 

and 8 low-thrust thrusters. An essential factor considered was the choice between monopropellant 

and bipropellant. Monopropellant has a specific impulse (ISP) of 240 seconds and the trade study 

revealed that the bipropellant, with an ISP of 310 seconds, could save approximately 400 kg of fuel, 

making it a more feasible choice for the LOI maneuver. The selected fuel is mono-methyl hydrazine 

(MMH), while the oxidizer is dinitrogen tetroxide (N2O4). Total estimated V budget for Earth to the 

Moon transfer is summarized in the table below. 
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Table 7: Lunar transfer ΔV budget 

Once the spacecraft is successfully inserted into lunar orbit, it must perform station-keeping 

maneuvers to maintain its altitude over an extended period.  These maneuvers use electric propulsion, 

which is more efficient than chemical propulsion, particularly given the spacecraft's ample electric 

power supply. The orbit maintenance includes orbit station-keeping, momentum unloading and 

deorbiting (end-of-life maneuver). The electric propulsion system includes 8 Hall Effect Thrusters, each 

capable of producing up to 150 mN of thrust. With the spacecraft's lifespan estimated at 8 years, the 

required V is estimated to be 104 m/s or 13 m/s per year based on a simulation performed in GMAT 

(General Mission Analysis Tool). The summary of orbit maintenance delta-V budget is given in the 

table below. 

 

 
Table 8: Orbit maintenance ΔV budget 

 

8.6. Ground Segment 
The ground segment consists of multiple contracted ground stations around the Earth to provide 

communication to the lunar orbiting satellite assets. These ground stations are all connected to one 

Mission Control Center operated by a team of about dozen Lunar Spark operators with a mix of space 

operations and software skills. Satellites communicate with Earth one time per orbit as they pass over 

the lunar north pole. 
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Figure 19: Lunar Spark communication links 

There are four main communication links: 

1. Rover to Lunar Spark Satellite Communication: The lunar Spark Satellite receives a status 

message from the rover, this contains power and various status information. This link is also 

used to measure localization errors. 

2. Lunar Spark Satellite to Ground Station: The ground station receives and transmits the RF 

signal to the Lunar Spark satellite. The ground stations are rented by the Lunar Spark company. 

The ground stations provide uplink and downlink access to the Mission Control Center. 

3. Lunar Spark Mission Control Center to Rover User Center: The status from the rover is 

augmented with the transmitted power and the location information of the rover, derived by 

the satellite. This information is then transmitted to the Rover Operations Center. Requests 

for a manual intervention, cancelling or requesting power delivery can also be sent via this 

link.  

4. Lunar Spark Mission Control Center to Ground Station: The telemetry and telecommands from 

the Lunar Spark satellites are received at the Lunar Spark Mission Control Center. The ground 

station is responsible for the RF link to the satellite. Telecommands from the Lunar Spark User 

Center are converted and sent to the satellite. Telemetry from the satellite is converted to 

baseband and sent to the Lunar Spark Mission Control Center. General commanding and 

status messages from the ground segment are managed over this link. The power delivery 

process is completely automated with software onboard the satellite and receiver. This 
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software coordinates surface vehicle localization using the vehicle beacons and selects the 

appropriate vehicle to service each orbit. The operations team’s primary power delivery 

responsibility is to monitor these automated power delivery algorithms, confirm that surface 

vehicle power needs are being met, and ensure that the satellite systems are healthy. The 

operations team can configure the vehicle selection algorithms and override the automated 

selection if unforeseen scenarios arise. The operations team also monitors the satellite orbit 

and commands orbit corrections that are performed each orbit 

 

8.7. System Measures of Effectiveness 
Sun illumination is the most limiting constraint when it comes to lunar surface mission planning. The 

VIPER mission is interested in sites that have permanently shaded regions because that’s where the 

volatiles will be preserved.  At the same time, they need to be near high mountains and ridges that 

remain illuminated when the sun dips low on the horizon.  This results in just a few sites scattered 

across the lunar south pole.  With Lunar Spark, VIPER could remove sun illumination as a constraint 

and really focus on the areas where resources are most likely to be found.  This independence from 

sun illumination is a major benefit of using the Lunar Spark power delivery system. 

 

 
Figure 20: Removing sun illumination as a constraint increases VIPER mission flexibility 

The following Measure of Effectiveness (MOE) metrics have been established to assess the 

performance and success of the designed system in meeting mission objectives. The table below 

summarizes the benefits Lunar Spark could provide to a mission like VIPER. 
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1 Provides survival power (0 W to 80 W) Power 

2 Increase working time from 19% to 42% Flexibility 

3 Increase potential exploration diameter from 3km to 600km Mobility 

4 Extend mission from 100 days to 1+ years Extension 

Table 9: VIPER mission improvements with Lunar Spark  

Power: The Lunar Spark system demonstrates its capability to provide survival power to customers 

requiring 80 Watts while they are in the dark. 

 

Flexibility: By utilizing the Lunar Spark technology, the system enhances the rover's flexibility by 

significantly increasing its working time. There is no need to chase the sun light and find safe havens.  

The estimated improvement for VIPER (Volatiles Investigating Polar Exploration Rover) is from 19% to 

42% working time. This increase is achieved by eliminating the need for the rover to traverse to a safe 

haven with suitable illumination, which accounts for 23% of the previous operational profile.  With 

Lunar Spark, VIPER could keep working as the sun is setting over the horizon and then hibernate in 

place.  The Lunar Spark solution eliminates the need for safe havens all together, which make 

previously unavailable areas of lunar surface available for exploration and increases the launch 

opportunities to include lunar winters. 

 

 

Figure 21: Eliminating the need to traverse to safe havens more than doubles work time for VIPER 

Mobility: The Lunar Spark solution revolutionizes the rover's mobility capabilities. While the Viper 

mission showcased a radius of mobility limited to 3 km due to the need to remain close to safe havens, 

the implementation of the Lunar Spark technology empowers the rover to explore a vast region 

around the lunar south pole, spanning an impressive diameter of approximately 600 km as they no 
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longer limited by sun illumination. This expanded range unlocks unprecedented opportunities for 

scientific exploration and data collection. Without the limitation of sun illumination, vehicles are free 

to explore the entire south polar region, including inside dark craters. The system could also support 

potential north polar missions 

 
Figure 22: Lunar south and north poles with potential resource site marked in blue 

[credit: NASA https://www.nasa.gov/feature/ames/ice-confirmed-at-the-moon-s-poles] 

Mission Extension: Traditionally, lunar rovers have been designed to operate for a limited duration of 

7-15 days, depending on when the first lunar night falls. However, the integration of the Lunar Spark 

technology offers a significant extension to the mission's lifespan. With this solution, the mission 

duration can be extended to the limits of the hardware, enabling prolonged exploration and scientific 

investigations on the lunar surface. The customer can have lifetime as long as their hardware lifetime. 

 

 

Figure 23: Mission Duration with Lunar Spark extends to the hardware lifetime 
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These Measure of Effectiveness metrics serve as essential indicators to evaluate the system's 

performance and its alignment with the mission objectives. The Lunar Spark system demonstrates its 

capacity to provide survival power, increase flexibility and working time, enhance mobility for 

extensive exploration, and achieve a substantial extension of the mission's duration. These capabilities 

position the system as a highly effective solution for future mission requirements, unlocking new 

horizons in lunar exploration and research. 

 

9. System Customer Interfaces 
Lunar Spark aims to provide an end-to-end solution. The first interaction with the customer is through 

sales and the engineering support provided with the Lunar Spark Receiver. To implement the Lunar 

Spark solution within the customer mission, the collaboration between both companies shall start at 

least 3 years prior to launch.  Lunar Spark can provide support in system design to define the 

mechanical and electrical interfaces for the receiver integration. In addition, support in mission 

planning and operation based on the power supply is offered to the customers. 

 

The receiver hardware will be delivered around two years prior to launch and is fully tested and 

qualified for space operations. Receiver integration support and system user manuals are included.  

The collaboration ends with the end of the customer mission, whereas already planned and scheduled 

power supplies still will be charged to the customer. The customer is in charge of the disposal of the 

Lunar Spark receiver as part of his system 

 

During the mission, the system is automated with spacecraft implemented localization and tracking 

functions that require no active ground operation interface to the customers ground operations team. 

Customers can send long term planning requests and report any issues to the Lunar Spark Mission 

control center using a dedicated web interface. This allows the Lunar Spark operations team to check 

availability and monitor the automated planning of the onboard software. 

 

If a customer would like to change or stop the provision of power for a particular reason, or request 

additional power, this can also be done through the online tool. There is an emergency number 

provided for customers, in case of urgent need, this service will be available 24/7. 

 

10. Implementation Plan 
The following section gives an overview of the system implementation for the Lunar Spark satellite 

and receiver. Due to the innovative character of the mission and the complex system setup, a project 
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setup to be implemented in the Lunar Spark company is selected to follow the space mission design 

processes, which are well known and established in the business.  

10.1. Project Breakdown Structures 

The Lunar Spark Project is broken into eleven elements. The following figure shows the details of 

elements broken into subsystems, components, documents, functionality. The project breakdown 

structures are detailed below. 

 

Figure 24:  WBS (Work Breakdown Structure) to Level 3 

10.2. Work Package Description 
Within the Lunar Spark Project, the following Work Packages are defined:  

1.1 Project Management 

All activities associated with business and administrative planning, organizing, directing, 

coordinating, analyzing, controlling, status reporting, and approval processes used to accomplish 

overall project objectives. This includes Business, Risk and Facilities Management. 

1.2 System Engineering 

This is the technical management for controlling the engineering effort for the project. This is 

responsible for all hardware and software development. 
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Main tasks include requirements engineering, preliminary design specifications, interface control 

documents and preparing the main system engineering reviews. 

1.3 Safety and Mission Assurance 

This element is responsible for controlling the safety and mission assurance elements of the project. 

This element includes design, development, review and verification. This function includes the 

Product Assurance oversight of the subcontractors. 

1.4 Payload 

This element is responsible for the full Lunar Spark Laser development, from the prototype to the 

final flight ready payload. This includes all system engineering reviews and contract monitoring. This 

element includes the special-purpose equipment, Ground Support Equipment (GSE) needed to 

support system integration and test. 

1.5 Spacecraft 

The Spacecraft is the platform for carrying the Lunar Spark Payload. This element is responsible for 

the full Lunar Spark Spacecraft development. The spacecraft bus will be procured from a satellite 

manufacturer with Lunar Spark providing the payload. This element is responsible for all system 

engineering reviews and contract monitoring. 

1.6 Receiver 

This element is responsible for the full Lunar Spark Rover Receiver development, from the prototype 

to the final flight ready unit delivered to customers. This includes all system engineering reviews and 

contract monitoring. This element will work closely with the Payload manager. 

1.7 Mission Operations 

The management of the development and implementation of personnel, procedures, 

documentation, software and training required to conduct mission operations. This element includes 

tracking, commanding, receiving/processing telemetry, analyses of system status, trajectory analysis, 

orbit determination, maneuver analysis, target body orbit/ephemeris updates, and disposal of the 

Lunar Spark satellites at end of life. 

1.8 Ground Systems 

This element includes the management of equipment, hardware, software, networks, and mission-

unique facilities required to conduct mission operations. This includes all the infrastructure, 

computers, communications, operating systems, and networking equipment needed to interconnect 
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and host the Mission Operations software. This element includes the design, development, 

implementation, integration, test of the ground system, including the hardware and software 

needed for processing, archiving, and distributing telemetry and telecommands. This element also 

includes the use and maintenance of the project test beds and project-owned facilities. 

1.9 Launch System and Services 

This element covers the management of the launch service contract to place Lunar Spark into the 

Trans Lunar Injection. This element includes the launch vehicle, launch vehicle integration, launch 

operations, any other associated launch services, and associated ground support equipment. 

1.10 System Integration and Testing 

This element includes the hardware, software, procedures, and Lunar Spark owned facilities 

required to perform the integration and testing of the systems, payloads, spacecraft, launch 

vehicle/services, and mission operations. 

1.11 System Outreach and Growth 

This element includes management and coordinates activities related to education, public outreach 

and media support. 

  

10.3. Model Philosophy 

The model philosophy proposed to support the verification and validation approach is the Proto-Flight 

Model philosophy. This is widely used to reduce the cost associated with the use of a full qualification 

model and flight model. In this approach qualification tests are carried out on the flight model. 

However, in some key areas driven by risk, other models are needed to support this. 

 

These are related to the laser and laser thermal control system where there will be a 

Qualification/Engineering model that will be used for ground testing and in the STM (Structural and 

Thermal Model) (Structural and Thermal Model). The STM will be used to validate the thermal and 

mechanical models. For these elements only acceptance testing is performed on the PFM, Protoflight 

Model. The STM tests shall be completed before System CDR. 
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There will be a “flat sat” for the development of software and the functional verification. Likewise, a 

similar bench will be used for the Lunar Spark receiver. The Engineering Model (EM) units, primarily 

to be used in the benches, will be made of commercial grade components with the same specifications 

as those intended for flight. The qualification models will make use of high reliability space grade 

components. 

 

Figure 25: Model philosophy for Lunar Spark System Components 

 

11. System Development Plan 
The following section presents the basic concepts contained in the System Development Plan. The 

overall lifecycle follows the ESA standard approach detailed in the ECSS standards. 

 

11.1. Schedule  
The overall development flow is summarized below. The space segment development is represented 

as the 1st Generation Satellite Development below.  
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Figure 26: Overall Development Schedule Logic 

  

Below is the preliminary schedule for the Lunar Spark System and Space Segment activities. It is noted 

that there is eight months margin with respect to the launch date. This is needed due to the risks 

involved in the overall project. The highest risks are attributed to the payload and its interfaces with 

the platform, i.e. power and thermal. For clarity only one platform, payload, spacecraft and receiver 

are shown. The development will consider the first spacecraft as a proto flight model, which is used 

for qualification. The second model will go through only acceptance testing.  

 
Figure 27: Lunar Spark System and Space Segment Schedule 

 The acronyms for the reviews follow ESA nomenclature found in ECSS standards, the only difference 

is the Lunar Spark project has a combined QR, Qualification Review, and AR, Acceptance Review. 
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11.2. Spacecraft Integration 
The payload is separated, as much as possible, to allow parallel integration. The payload is 

accommodated on the top of the satellite. The satellite is broken into three main layers with a center 

section consisting of the propulsion module including tanks and the chemical engine for lunar orbit 

injection. Two outer side panels are used to mount the solar arrays and the two other side panels are 

used to mount the radiators and antennas. The top panel of the payload will contain the RF antennas 

for customer receiver detector, the laser and laser pointing mechanism. 

 
Figure 28: Spacecraft Sub-Assemblies 

 

11.3. Spacecraft PFM AIT Flow 
The Lunar Spark System AIT flow for the spacecraft PFM is described in the figure below. The sequence 

starts with the integration of the payload and spacecraft bus. After this activity the full functional 

testing is performed. This is followed by the mechanical and thermal tests. An alignment test, covering 

ADCS and the payload laser, is performed before and after the mechanical testing to check that the 

necessary alignment tolerance will be maintained after launch. The testing is completed with the 

electromagnetic compatibility test and the compact range test for the x-band low gain antenna. 
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Figure 29: PFM AIT Flow 
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12. Business Plan 
Lunar Spark’s objective is to provide a reliable backup power solution for lunar missions, ensures the 

survival of rovers and remote science installations during the challenging lunar night. Our product 

consists of an energy receiver module and a reliable source of energy transmitted from our Lunar 

orbiting satellites. For this purpose, we offer two key products and a service that fully meets the 

customer need that we identified during several interviews with key stakeholders. Further, our pricing 

structure is carefully crafted to provide flexibility and attract customers to our system. 

This section details the products, services and pricing structure of Lunar Spark. 

 

Firstly, we provide a hardware receiver designed specifically for receiving energy from our Lunar Spark 

satellite. This hardware seamlessly integrates into our customers' systems, facilitating efficient 

communication and power transfer between their equipment and our satellites, and is priced at 20 

million EUR. Our second revenue stream is the one-time access fee of 5 million EUR that allows for 

access to Lunar Spark’s power infrastructure. In addition, this access fee also includes support with 

the integration of the receiver into the customer’s system, during which the customer will benefit 

from the comprehensive support and expertise of the Lunar Spark team. 

 

With our power delivery service, we offer a reliable supply of power from our satellites, ensuring 

continuous operation of survival heaters throughout the lunar night. To incentivize adoption and 

provide an attractive value proposition, we have set an initial price of 200,000 EUR per kWh delivered 

for the first five years of service. This competitive pricing model aims to drive customer interest and 

enable them to benefit from our cost-effective solution. After the initial five years, the price per kWh 

delivered will increase to 400,000 EUR. This price is very attractive compared to past solar-powered 

lunar mission costs, which averaged around 1 million euros per kWh. Lunar Spark will offer the power 

in monthly packages and the customer will pay for the maximum delivered daily power needed. 

 

Lunar Spark's value proposition is a reliable and wireless power delivery service, offering increased 

mobility, flexibility, and extended mission lifetimes. By eliminating the need for heavy and 

cumbersome batteries, our solution simplifies systems and reduces associated costs. Mission 

operators can concentrate on lunar exploration rather than being limited by illumination conditions 

and vehicle survival.  
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13. Financial Plan 
One of the cornerstones of Lunar Spark is the financial planning. This section details how the financial 

model has been setup and what were the strategic choices in managing the finances from the moment 

the company is newly created until 15 years in the future. 

 

Lunar Spark’s operations will require significant levels of funding in the first seven years. The main cost 

drivers until launch are: 

• R&D for technological demonstration (excluding salaries): 2.5 Mio EUR 

• Flat Payload (year 3-4): 7.3 Mio EUR 

• Payload EQM (year 4-5): 60 Mio EUR 

• Year 5-6: 

o Total Cost per Satellite Bus (Bus, Integration of Payload, Testing): 100 Mio EUR 

o Total Cost per Satellite Payload: 100 Mio EUR 

• Year 7: 

o Launch of two satellites for 100 Mio EUR 

• Salaries for the Lunar Spark work force (figure below), as well as corresponding tax and social 

security contributions for the first 7 years: 45 Mio EUR 

 

 

 
Figure 30: Lunar Spark employee count 
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The figure below shows the operative cashflow of the company, which follows the typical J-curve for 

the first 8 years. The large dip occurring during year 5 and 6 is due to the large investment in the 

production of the first two satellites. The operative cashflow recovers in year 7 after the launch, 

which initiates the recurring revenue from direct energy provision. Further increases in the operative 

cashflow are achieved by means of launching the next generation of satellites in year 12. 

 

 

 
Figure 31: Operational cashflow 

 

It is evident that Lunar Spark requires a large initial funding to cover the expenses of the first 7 years 

until the first generation of satellites produce a revenue. The captured investment is shown in the 

figure below. The assumptions on the investments are: 

• Year 1-3 (Technological Demonstration) 

o Sweat Equity 

o Own contributions from funders, friends and family of 300.000 EUR 

o Institutional grants worth 35 million EUR 

• Year 3-6 (Manufacturing 1st Generation) 

o Institutional grants worth 30 million EUR 

o Investor money worth 120 million EUR 

o Sales of one-time access fee and receiver hardware 

• Year 6 (Pre-Launch) 

o Bank loan worth 156 million EUR 
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Figure 32: Captured investment 

The resulting revenues and expenses are shown in the following figure, indicating a break-even after 

year 6. 

 
Figure 33: Revenue and expenses 

The next figure shows that the resulting cashflow remains positive and yields an investor return of 

11.3-12.8 (depending on time of investment). Lunar Spark is thus a very attractive investment. 
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Figure 34: Cashflow resulting in investor multiple of 11.3 – 12.8 

 

In addition to the financial planning above, Lunar Spark performed a sensitivity analysis and analyzed 

the impact on the financial model. The following scenarios were investigated. 

• Satellite utilization of only 30% (instead of 60% baseline utilization) (first figure below) 

• Loss of one satellite two years after launch (next figure below) 

• Delayed launch (last figure below) 

The sensitivity analysis revealed that even in the assumed worst case, Lunar Spark returns investors 

a multiple of five. 

 

 

 

 
Figure 35: Sensitivity analysis: baseline scenario vs scenario with 30% satellite usage  
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Figure 36: Sensitivity analysis: baseline scenario vs scenario with satellite loss after year two 

 
Figure 37: Sensitivity analysis: baseline scenario vs scenario with launch delay 

14. Risks 
This document presents an abstract of the risk register for the Lunar Spark project, outlining the 

identified risks along with their respective mitigation strategies. The risks captured in this register have 

the potential to impact the project's cost, schedule, and technical feasibility. By proactively addressing 

these risks, Lunar Spark aims to minimize their impact and likelihood, ensuring the successful 

execution of the project. 

14.1. Risk Register 
The following table provides a comprehensive overview of the identified risks and their corresponding 

mitigation actions. 
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ID Title Risk Mitigation 

TR1 Pointing 

control loops 

interferences 

Given that the laser and laser drivers 

must be driven with very high power 

levels, then there exists the 

possibility that the laser lifetime is 

shorter than expected 

Stability of combined coarse/fine 

pointing control system shall be 

carefully analyzed in the first phase 

of project development via 

simulation and terrestrial 

demonstration 

TR2 Laser lifetime 

too short 

Given that the laser and laser drivers 

must be driven with very high power 

levels, then there exists the 

possibility that the laser lifetime is 

shorter than expected 

Laser payload component selection 

with long lifetimes and laser payload 

redundancy 

TR3 Active 

thermal 

control 

system too 

large 

Given than the Lunar Spark satellite 

must dissipate a large amount of 

heat, then there exists the possibility 

that an active thermal control 

system must be too large and heavy 

to be able to dissipate the thermal 

load and keep the satellite and 

payload within the specified thermal 

limits 

Usage of a single-phase mechanically 

pumped loop based on ammonia and 

usage of several improvement 

techniques to optimize the radiator 

performance 

BR1 Lack of 

funding 

Given that lunar SBPS is a project 

with a long term vision, then there 

exists the possibility that our 

company, Lunar Spark, will not be 

able to capture enough funding for 

the business idea. 

By finding alternative sources of 

funding like crowdsourcing  or angel 

investors the risk of getting not 

enough funding could be reduced. 

Forfeiting as a last resort especially 

when only a certain amount is 

missing. 

BR2 Not enough 

customers in 

the early 

phase 

Given that lunar SBPS is a project 

with a long term implementation 

roadmap, then there exists the 

possibility that our company Lunar 

Spark will not be able to find enough 

customers in the early phase to 

The main building blocks of our 

mitigation strategy to avoid this risk 

are: define most valuable customers, 

educate customers and collaborate 

with institutions on critical missions. 
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enable a ramp up and thus end up 

with lack of financing in the early 

phase until the first constellation is 

deployed. 

BR3 Time to 

market and 

first revenues 

at wrong 

time frame. 

 

Given that lunar SBPS 

implementation might have a time 

based sweet spot to take place 

(neither too early nor too late), then 

there exists the possibility that the 

time to market and the generation 

of first revenues might occur at the 

wrong time frame. 

To reduce the risk of bad time to 

market we are constantly measuring 

time to market and we had an initial 

definition of the project which help 

identify and mitigate major risks 

early on. 

RR1 Lack of 

consensus on 

regulatory 

framework 

Given that the currently existing 

regulatory framework is not widely 

widespread, accepted or does not 

create adoption consensus among 

the adopting countries, there exists 

the possibility that we might not be 

able to operate effectively with our 

business over an international 

market without major resources 

being committed to allow global and 

potentially specific regional 

regulatory compliance. 

We have to accept that risk, but we 

will engage with regulators and 

policymakers: This can help us to 

better understand the rationale 

behind disagreements, regulatory 

changes and influence the direction 

of policy development. 

RR2 Changes in 

governmental 

regulatory 

Given that the governmental 

regulatory framework is either non-

existent or shifting, then there exists 

the possibility that we might not be 

able to operate the system as 

planned.  

This is a risk that we will accept, our 

mitigation strategy in response to 

changes in regulatory frameworks 

and collaborate with space agencies 

to get their early safety assessment 

and backing in the regulation 

decision making.  

Table 10 :Risks and mitigations 

This risk register is subject to regular review and update throughout the course of the Lunar Spark 

project to ensure its effectiveness in mitigating risks. 
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14.2. Risk Conclusion  
The risk register for the Lunar Spark project provides a comprehensive overview of the identified risks 

and their corresponding mitigation actions. By following a structured risk management process and 

proactively addressing these risks, Lunar Spark aims to safeguard the project's cost, schedule, and 

technical feasibility. Continuous monitoring and adjustment of mitigation strategies will be performed 

to ensure the successful execution of the project and minimize any potential adverse impacts. 

 

15. Conclusion and Outreach 
Our lunar rover power system utilizes cutting-edge laser transmission technology to provide wirelessly 

transmitted power from a lunar orbit to lunar rovers on the Moon's surface. This innovative approach 

enables enhanced mobility, increased mission flexibility, and prolonged mission durations for lunar 

exploration. Lunar Spark is poised be a significant contributor to future exploration of the lunar 

surface. 

 

To ensure the system's outreach and growth, we have identified key strategies and growth options 

that encompass increasing spacecraft capacity, exploring potential use cases, and expanding system 

capabilities. 

 

Raising Awareness and Stakeholder Engagement: Our outreach activities will focus on raising 

awareness about the Lunar Spark power system among potential users and stakeholders. This includes 

active participation in international space conferences and workshops, where we will showcase our 

research findings and demonstrate the system's capabilities. By engaging with experts, investors, and 

strategic partners, we aim to generate interest and foster collaboration opportunities to drive system 

adoption and growth. 

Increasing Spacecraft Capacity with Advanced Payload Systems: To meet the evolving needs of lunar 

exploration, we will invest in research and development to enhance spacecraft capacity with a more 

advanced payload system. This will involve increasing the power transmission capability and range, 

improving the efficiency of the laser transmission technology. By scaling the system's capacity, we can 

reach out to a larger users  and aim to gain a higher market share. 

Exploring Potential Use Cases: In addition to providing power to lunar rovers, our system has the 

potential to serve as a power relay system for ground-based operations. By establishing a ground-to-

orbit-to-ground power relay infrastructure, we can scale the system to be also used for higher power 

levels for users being less mobile.  
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GNSS and Communication as Add-ons to System Capabilities: We recognize the importance of 

seamless navigation and communication for lunar exploration missions. As an add-on to our satellite 

constellation, we will explore integrating GNSS (Global Navigation Satellite System) and 

communication capabilities. By providing precise positioning and reliable communication channels, 

we can enhance the overall efficiency and effectiveness of lunar rovers, further attracting potential 

users and stakeholders. 

Application of Technology for Satellite-to-Satellite Charging: Expanding the application of laser 

transmission technology, we will explore the feasibility of satellite-to-satellite charging. Enabling 

satellites in space to recharge or transfer power using our laser transmission system will unlock new 

growth opportunities also in the terrestrial space market. By reducing the reliance on traditional 

power sources and increasing mission endurance, this extension of our technology's capabilities will 

attract collaborations with satellite manufacturers and space agencies. 

Utilizing Laser Payload for Pulsed Laser Debris Removal: Addressing the growing concern of space 

debris, we can leverage our laser payload system for pulsed laser debris removal. By developing and 

implementing a debris removal system utilizing our existing laser technology, we contribute to the 

sustainability of space activities. This addition to our system's capabilities presents an attractive value 

proposition and opens doors for partnerships with organizations involved in space debris mitigation 

efforts. 

 

Our system's outreach and growth will be achieved through strategic efforts to raise awareness, scale 

the system's capacity, and adapt to evolving needs. By increasing spacecraft capacity, exploring 

potential use cases, and expanding system capabilities with GNSS, communication, satellite-to-

satellite charging, and debris removal, we position ourselves as a key player in the lunar exploration 

domain. Through collaboration, innovation, and stakeholder engagement, we aim to enable and 

advance lunar missions with a sustainable and efficient power solution for lunar rovers. 

 


