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ABSTRACT 

The International Reactor Innovative and Secure (IRIS) is an advanced, integral, light-
water cooled, pressurized reactor of smaller generating capacity (1000 MWt, or 335 MWe). It 
is being developed through a strong international partnership by a team lead by Westinghouse 
and including organizations from 10 countries. The main objective of the project is to offer a 
simple nuclear power plant with outstanding safety, attractive economics and enhanced 
proliferation resistance characteristics ready for deployment within the next decade. IRIS 
embodies the requirements set forth by the recently announced US DOE Global Nuclear 
Energy Partnership (GNEP) program for worldwide deployment of a smaller-scale reactors 
and provides a viable bridge to Generation IV reactors. IRIS is designed to address the needs 
of both developed and emerging markets. Its smaller power level provides deployment 
flexibility in larger developed markets, and makes it in particular well suited for markets with 
limited grids or where the annual energy demand growth is moderate. Due to its short 
construction time and the staggered build option, IRIS significantly reduces the required 
financing, improves cash flow, and provides a viable solution for economies with limited 
resources. While based on proven and worldwide accepted LWR technology, IRIS introduces 
a number of innovative solutions to simplify its design and improve safety and operational 
characteristics, including the integral primary system and its components, as well as the 
safety-by-design approach™. These features will be tested and demonstrated in a testing 
program that has been initiated. As its centerpiece, the program will include the integral test 
facility. Results of this program will support licensing with the US NRC. A multinational 
licensing is considered to facilitate worldwide deployment.  

1 INTRODUCTION – IRIS PROJECT OVERVIEW 

IRIS[1-5] represents the latest evolution of the LWR technology which has been the 
overwhelming mainstay of nuclear power development and deployment. While the integral 
configuration in general, and the IRIS design in particular, embodies advanced engineering 
solutions, no new technology development is necessary and therefore a demonstration 
prototype is not required to attain design certification from the regulatory body. A first of a 
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kind (FOAK) commercial plant is envisaged around 2015, as shown in the project schedule in 
Table 1.  

Table 1: IRIS project schedule 

Program started 1999 
Assessed key technical and economic feasibility 2000 
Performed conceptual design, preliminary cost estimate 2001 
Initiated NRC pre-application licensing for Design Certification 2002 
Completed NSSS preliminary design 2005 
Initiated testing necessary for NRC Design Certification 2006 
Complete testing 2010 
Start formal Design Approval with NRC 2010 
Obtain Final Design Approval from NRC 2013 
Ready for deployment 2015-2017 

 
While LWRs are expected to continue their dominance for many decades to come, new 

designs, such as the Generation IV concepts employing gas and liquid metals coolant, are 
being investigated worldwide for their potential of offering some capabilities beyond the 
range of LWR technology. However, their reliance on new technologies requires basic 
development, plus the construction and operation of a demonstration prototype. Thus, it is 
expected that they will be ready for commercial deployment in the 2030-2040 timeframe. 
LWRs in general, and IRIS in particular, should be considered as complementary assets in 
global nuclear power development, and the maximum benefit may be achieved from the 
synergy of the different technologies. 

Many emerging nations and energy markets with small grids will need to start 
introducing nuclear power plants in the next decade. Due to their grid size, units larger than a 
few hundred MWe are not optimal or even not technically feasible in many cases. With its 
size, simple design and operation, exceptional safety, moderate cost, limited financing burden, 
and possibility to gradually add capacity by adding more modules, IRIS will offer an 
optimum solution that is technically and economically viable and technologically immediately 
acceptable. The technical knowledge and infrastructure timely introduced through IRIS will 
enable future expansion of nuclear power via advanced Generation IV systems, as they 
become available, to fulfill longer term energy goals.  

2 IRIS AND THE U.S. DOE GNEP INITIATIVE  

A significant impetus to the IRIS project was given on February 6, 2006, by the US 
Department of Energy (DOE) when its major new nuclear initiative[6], the Global Nuclear 
Energy Partnership (GNEP) was unveiled. The program specifies seven main GNEP 
elements: 

1. Expand use of nuclear energy; 
2. Demonstrate proliferation-resistant recycling; 
3. Minimize nuclear waste; 
4. Develop Advanced Burner Reactor (ABR); 
5. Establish reliable fuel services; 
6. Demonstrate smaller-scale, grid-appropriate reactors; 
7. Develop enhanced nuclear safeguards. 
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One of the elements is the development of smaller-scale reactors for safely expanding 
nuclear energy in developing nations and small-grid markets without increasing proliferation 
concerns. “These reactors will be safe, simple to operate, more proliferation-resistant and 
highly secure. … The GNEP seeks to form international partnerships to accelerate 
certification of marketable designs, and deploy operational demonstration plants…”[6] Based 
on the announcement, the following list of requirements for smaller-scale reactors may be 
identified, as given in Table 2 (left column). 

Table 2: GNEP requirements for smaller, grid-appropriate reactors and IRIS 

GNEP Requirement IRIS Capability 
Standardized design in 50-350 MWe range Yes (335 MWe reference design, 

with a conceptual design of 50 
MWe available) 

Fully passive systems Excellent (safety-by-design™ is 
a step beyond the all-passive 
safety) 

Very long life fuel loads   
(possibly lasting the entire life of reactor) 

Up to 10 years 
(no) 

IAEA safeguards to promote non-proliferation (e.g., 
remote monitoring) 

Same as other advanced designs 

Physical protection against sabotage Very good (simple design) 
Potential for district heating, potable water 
production 

Very good (specific design) 

Simple operation, requiring minimal in-country 
nuclear infrastructure 

Very good 

Use of as much existing licensed or certified 
technology as possible 

Excellent (worldwide accepted 
LWR technology) 

Use of advanced manufacturing techniques  Same as other advanced designs 
 
The right column indicates how IRIS satisfies each specific requirement. In several 

areas, IRIS provides excellent capability to satisfy GNEP requirements, better than alternative 
designs, while in others it is as good as the other advanced designs, with the sole exception of 
the lifetime core. While IRIS offers a significant improvement over the current LWRs, with 
up to 4 years cycle utilizing existing fuel, and potential to extend it to up to 10 years, a full 
lifetime cycle (30+ years) is not practical with the LWR fuel technology. However, even in 
this area IRIS can play a significant role as a bridge to long-term fuel development, as 
discussed later in Section 4.3. 

It should therefore come as no surprise that in the program description, IRIS has been 
singled out by DOE as an example of such smaller reactors. This recognition by the DOE has 
potential to facilitate timely deployment of IRIS in markets requiring smaller-scale reactors. 

3 THE IRIS TEAM – AN EXEMPLARY INTERNATIONAL PARTNERSHIP  

From its very beginning, IRIS has been developed by a strong international team 
comprised of world leading organizations[7]. The defining organizational characteristics is 
that, while Westinghouse has the overall lead and responsibility, this lead is of the type of 
primus inter pares (first among equals) rather than the traditional owner versus contractors 
relationship. All members of the IRIS team contribute and expect to have a return, should 
IRIS be successfully deployed, commensurate to their investment. The team currently 
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includes 20 organizations from 10 countries, over 4 continents (Table 3). These organizations 
represent leading nuclear manufacturers, academic institutions, national laboratories and 
power producers. Universities are vibrant team members with more than one hundred students 
involved to-date, a majority of them having conducted graduate theses at the master or 
doctoral level[8]. 

Table 3: IRIS team 

INDUSTRY 
Westinghouse USA Overall coordination; core design, safety analyses and licensing, 

commercialization 
BNFL UK Fuel cycle 
Ansaldo Energia Italy Steam generators design 
Ansaldo Camozzi Italy Steam generators fabrication 
ENSA Spain Pressure vessel and internals 
NUCLEP Brazil Containment 
OKBM Russia Testing, desalination and district heating co-generation 
LABORATORIES 
ORNL USA I&C, PRA, desalination, shielding, pressurizer 
CNEN Brazil Transient and safety analyses, pressurizer, desalination 
ININ Mexico PRA, neutronics support 
LEI Lithuania Safety analyses, PRA, district heating co-generation 
ENEA Italy Testing  
UNIVERSITIES 

Polytechnic of Milan (CIRTEN) Italy Safety analyses, shielding, thermal hydraulics, steam generators 
design, advanced control system 

MIT USA Advanced cores, maintenance, security 
Tokyo Inst. of Technology Japan Advanced cores, PRA 
University of Zagreb Croatia Neutronics, safety analyses 
University of Pisa (CIRTEN) Italy Containment analyses, severe accident analyses, neutronics 
Polytechnic of Turin (CIRTEN) Italy Source term 
University of Rome (CIRTEN) Italy Radwaste system 
POWER PRODUCERS 
Eletronuclear  Brazil Developing country utility perspective 

 

4 IRIS INNOVATIVE SOLUTIONS  

While firmly based on the proven LWR technology, the IRIS project has introduced 
many engineering and project innovations which define its unique characteristics. 

• Design: based on simplicity to simultaneously improve safety, reliability, and 
economics 

• Primary system: integrated primary system design 
• Safety: a safety-by-design™ approach  
• Security: enhanced and easier to implement security, based on its design 

characteristics  
• Proliferation resistance: enhanced through extended refueling cycle, while retaining 

use of current demonstrated fuel, facilitating international safeguards  
• Economics: simplicity, modularity, and economy of serialization in lieu of economy 
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of scale  
• Operation: Simple operation, minimizing need for operators action in incident 

situations 
• Construction: Less than 3 years construction period, reduced nuclear in-country 

infrastructure required 
• Waste reduction: significantly reduced dose to personnel in operation, maintenance, 

and ultimately in decommissioning activities 
• Project management: development by an integrated international team (led by 

Westinghouse) of some 20 organizations from 10 countries, with all team members 
providing funds for IRIS development  

• Research: effectively incorporating national laboratories and academia in the 
development efforts  

• Market segment: targeting markets and utilities that require a smaller-scale reactor 
design, due to grid size or financial limitations 

• Market penetration approach: reaching more markets through the international team 
and wide partnership in team member countries  

• Licensing: based on its outstanding safety, aiming to achieve licensing with lessened 
and, if possible, eliminated off-site emergency planning requirements. Licensing 
supported through a multinational design evaluation program (MDEP) will be 
pursued.  

 
4.1 Design 

IRIS is innovative in design – employing an integrated primary system that incorporates 
all the main primary circuit components within a single vessel, i.e., the core with control rods 
and their drive mechanisms, eight helical coil steam generators with eight associated fully-
immersed axial flow pumps, and a pressurizer (Fig. 1).  

 
 

 
Figure 1: Integral configuration and components 
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The integral configuration offers intrinsic design improvements as briefly discussed 
below: 

• Steam generators  With the primary coolant outside, tubes are in compression, and 
tensile stress corrosion cracking is eliminated. 

• Primary coolant pumps  The axial fully immersed pumps result in no seal leak 
concerns, no possibility for shaft breaks, and no required maintenance. 

• Internal CRDMs  This solution eliminates head penetrations and possibility of seal 
failures, as well as any future head replacements. 

• Pressurizer  Much larger volume/power ratio gives much better control of pressure 
transients.  Additionally, no sprays are required. 

• Thick downcomer  The 1.7m thick downcomer reduces the fast neutron flux on reactor 
vessel by 5 orders of magnitude. This leads to “cold” (i.e., not activated) vessel, 
almost no outside dose, no vessel embrittlement, and no need for surveillance. The 
vessel is essentially “eternal”, and decommissioning is simplified. 

• Fuel assembly  Almost the same assembly as in standard Westinghouse PWRs is used, 
but it can provide an extended cycle up to 48 months. 

• Maintenance  Intervals between maintenance outage can also be extended to 48 
months, thus enabling uninterrupted operation for up to 4 years. 

• Compact layout  While leading to a larger reactor vessel, the integral layout results in 
a smaller containment and overall a more compact site, with positive impact on safety, 
security, and economics. 

 
4.2 A Unique Approach to Safety 

In addition to the design improvements, the integral configuration offers very 
significant intrinsic safety advantages, which have led to the unique IRIS safety approach. 
This approach is represented by three tiers. 
The first tier is safety-by-design™ which aims at eliminating by design the possibility for an 
accident to occur rather than dealing with its consequences. By eliminating some accidents, 
the corresponding safety systems (passive or active) become unnecessary as well.  
The second tier is provided by simplified passive safety systems, which protect against the 
still remaining potential accidents and mitigate their consequences.  
The third tier is provided by active systems, which are not required to perform safety 
functions (i.e., are not safety grade) and are not considered in deterministic safety analyses, 
but may contribute to reducing the core damage frequency (CDF).  

Table 4 summarizes IRIS design characteristics and their safety implications, together 
with their impact on accidents, with particular emphasis on condition IV events. Systematic 
implementation of the IRIS safety-by-design™ approach has enabled elimination of 4 out of 8 
Design Basis Events (DBEs) typically considered for LWRs. Severity has been reduced for 
another 3, while only one DBE (fuel handling accident) remains the same.  

Furthermore, by consistently applying the safety-by-design™ approach (guided by use 
of Probabilistic Risk Assessment from the very beginning of the design process), IRIS has 
lowered the predicted Core Damage Frequency (CDF) to below 10-7/yr and Large Early 
Release Frequency (LERF) to below 10-9/yr. While the present nuclear power plants already 
demonstrate remarkable safety, further safety advances achieved in IRIS may enable plant 
licensing with a reduced or even eliminated off-site emergency planning zone[9]. This feature 
not only should increase public acceptance but will produce a positive financial impact by 
reducing infrastructure cost, as well as enabling efficient co-generation for district heating, 
process heat and desalination. 
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4.3 Fuel Cycle and Proliferation Resistance 

To enable deployment in the next decade, consistent with the projected worldwide 
energy needs growth, the reference IRIS core design is based on the current, available and 
demonstrated LWR fuel technology. However, the design includes features to enable future 
improvements in fuel management and further enhance its proliferation resistance. This will 
be achieved by gradually increasing fuel discharge burnup and cycle length, requiring that in 
parallel improved fuel performance is demonstrated.  

Table 4: Implementation of safety-by-design™ in IRIS 

IRIS Design 
Characteristic Safety Implication Accidents Affected Condition IV Design 

Basis Events 
Effect on Condition 

IV Event by IRIS 
Safety-by-Design™

Integral layout • No large primary piping • Large break LOCAs Large break LOCA Eliminated 
• Increased water inventory 
• Increased natural circulation 
 

• Other LOCAs 
• Decrease in heat removal 

various events 

 
 
 

 
 
 

Large, tall vessel 
• Accommodates internal Control Rod 

Drive Mechanisms 
• Control Rod ejection 
• Head penetrations failure
 

Spectrum of Control 
Rod ejection accidents 

 

Eliminated 

• Depressurizes primary system by 
condensation and not by loss of 
mass  

 

• Other LOCAs 
 
 

Heat removal from 
inside the vessel 

• Effective heat removal by Steam 
Generator and Emergency Heat 
Removal system 

 

• Other LOCAs 
• All events requiring 

effective cooldown 
• Anticipated Transient 

Without Scram (ATWS)  
 

  

Reduced size, higher 
design pressure 
containment 

• Reduced driving force through 
primary opening 

• Other LOCAs   

• Shaft seizure/break 
 

Reactor coolant pump 
shaft break 

Eliminated 
 Multiple, integral, 

shaftless coolant 
pumps 

• No shaft 
 
 
• Decreased importance of single 

pump failure 
• Locked rotor 
 

Reactor coolant pump 
seizure 

Downgraded 

 
• Steam generator tube 

rupture 
 

 
Steam generator tube 
rupture 

 
Downgraded 
 High design-pressure 

steam generator 
system 

• No Steam Generator safety valves  
• Primary system cannot over-

pressure secondary system 
• Feed/Steam System Piping 

designed for full Reactor Coolant 
System pressure reduces piping 
failure probability 

• Steam line break 
• Feed line break 

Steam system piping 
failure 

Downgraded 

Once through steam 
generators • Limited water inventory • Feed line break  

• Steam line break 
Feedwater system 
pipe break 

Downgraded 

Integral pressurizer • Large pressurizer volume/reactor 
power 

• Overheating events, 
including feed line break

• ATWS 

  

   Fuel handling 
accidents 

Unaffected 

 
The gradual IRIS approach will ultimately support development and demonstration of 

other more radical advanced fuel and core concepts of the “battery” type, envisioning a 
lifetime core load, which however will not realistically be demonstrated or available for 
commercial use for at least a few decades. 

It should be noted that LWR reactors have never really been a proliferation concern. 
They use relatively low enriched fuel, i.e., below 5% fissile content in UO2, leaving an ample 
margin to the prescribed 20% lower limit of HEU. Additionally, the produced plutonium has a 
high fraction of even isotopes and is therefore completely unattractive for any weapons-
related purposes. LWR fuel is in the form of rods assembled in elements, which allows for 
accurate accounting and effective safeguards. Any diversion would be timely and relatively 
easily detected. In fact, while the cumulated LWR experience amounts to about 10,000 



408.8 

Proceedings of the International Conference Nuclear Energy for New Europe, 2006 

reactor-years, there have been no proliferation incidents identified so far relative to the fuel 
itself. There are of course challenges and concerns related to separation and enrichment 
technology, but these are expected to  be addressed in GNEP through the “reactor-states and 
fuel-states” paradigm. 

To further simplify safeguards and make them more effective (as well as to improve 
economy) IRIS extends the fuel reloading interval. It is anchored to the IRIS optimized 
maintenance with outage required only each 48 months, therefore directly enabling refueling 
interval of up to four years. The reference IRIS design with 5% UO2 fuel presently enables a 3 
to 4 years cycle[10].  In the future, employing UO2 or MOX fuel with ~10% fissile content 
(still comfortably below the HEU limit), an eight-year refueling cycle with a short 
maintenance outage halfway through will be feasible[11]. With a four- or eight-year refueling 
cycle, and the possibility to limit spent fuel kept at site to one core-load, safeguards will be 
even more simple and effective, and any diversion timely identified. 

 
4.4 Option for Multinational Licensing 

IRIS has been designed to satisfy all the current licensing requirements with the U.S. 
NRC. However, an additional option for IRIS licensing is being pursued through the NRC’s 
recently conceived multinational design evaluation program (MDEP), which would facilitate 
its worldwide deployment. According to Ref. [12], “…NRC has formally approved moving 
forward with implementation of [MDEP] aimed at improving the effectiveness and efficiency 
of regulatory design reviews for new reactors”. MDEP is envisioned in three stages, with 
increased level and formalization of international cooperation in licensing. One of the 
objectives of Stage 1 is to identify areas where national standards overlap with the U.S. 
regulations and where foreign regulatory expertise could complement the expertise of the 
NRC’s staff. This provides an opportunity to regulatory bodies of countries potentially 
interested in IRIS to join the IRIS multinational licensing efforts, become familiar with 
relevant characteristics of the IRIS design while strengthening their expertise in licensing.  

 
4.5 Innovative Approach to a Competitive Design 

Marketwise, IRIS is complementary to larger reactor units. Specifically, it meets the 
requirements of smaller countries, markets or utilities with limited grid size, or with limited 
financial resources. To mitigate grid stability concerns, any single plant is typically limited to 
one tenth of the total installed capacity, i.e., to several hundred MWe for a grid of several 
GWe. IRIS addresses energy needs of these markets by enabling a gradual increase in 
generating capacity to match future growth needs. Financial risk and needed investment 
capital are largely reduced since the staggered construction of modules deployed several years 
apart enables income to be generated from previous unit(s) while the next unit is being built.  

Preliminary economic analyses[13] have been performed and presented previously. 
They  have been recently extended to include a relatively large contingency, added up front to 
the estimated cost to address uncertainties and any unforeseen factors. Additionally, the whole 
first core cost has been accounted as capital cost. While this approach may be considered 
overly conservative, it does provide a very robust economic case. In spite of this 
conservativism, the estimated total cost of electricity is about 4 ¢/kWh, competitive with other 
nuclear and non-nuclear sources.   

Moreover, as shown in Fig. 2, with a staggered build, it is possible to build three single 
modules at a site (one at a time at three-year intervals) for a total of approximately 1,000 
MWe with less than $800M cash outflow, an amount that meets the ability of smaller utilities 
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or emerging markets. For comparison, building a single large LWR of 1,600 MWe would 
require cash outflow of over three billion dollars.  

It is therefore no surprise that IRIS has attracted so many organizations and countries 
interested in its development and/or considering its deployment. The fact that all IRIS team 
members provide their own funding demonstrates the commitment of all team members and 
their belief in the project’s success. Since all team members have been involved from the 
early stages of IRIS development and are familiar with its characteristics, they are natural 
advocates for the project in their countries, providing enhanced penetration to worldwide 
markets. 
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Figure 2: Investment profile (cumulative cash outflow) for 1005 MWe consisting of 3 IRIS 

modules (335 MWe each, built 3 years apart, with 10-year financing and 10% interest rate) 
 

5 IRIS LICENSING  

5.1 Licensing Status 

IRIS is currently in the pre-application review process with the U.S. Nuclear Regulatory 
Commission. This pre-application phase is intended to address long-lead items (such as 
testing) before the full-scale formal design certification process is started, thus allowing the 
latter to be completed expeditiously. Additionally, in its licensing IRIS will take maximum 
advantage of the successfully completed Design Certification of Westinghouse’s AP600 and 
AP1000 for all those design features and analyses which are similar in the three designs.  
Therefore, the scope of the pre-application review has been limited to those facets which are 
different or unique to IRIS, specifically: 
1. IRIS safety approach. Preliminary safety analyses were conducted for the accidents where 

the IRIS response may be different from that of AP600 and AP1000. The results indicated 
an excellent performance, in many cases better than expected.  

2. Enhanced licensing. Approach and methodology aimed at achieving licensing with 
eliminated, or at least significantly reduced, off-site emergency planning requirements is 
being developed.  
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3. Adequacy of the testing program. Similar as with AP1000, an IRIS prototype is not 
necessary because IRIS does not represent a new technology, but rather a new 
engineering. However, a rigorous testing program is necessary to appropriately investigate 
all the new engineering aspects. Identification of the necessary testing program was 
completed, reviewed by the U.S. NRC, and no apparent deficiencies were observed. More 
details on testing are provided in the next section. 

 
5.2 Testing in Support of Licensing 

The testing that is being performed to support licensing of IRIS builds upon extensive 
experience accumulated during the AP600/AP1000 testing and licensing, and data on tested 
passive systems and features acquired in the AP600/AP1000 programs are employed to 
support IRIS licensing. However, further testing is necessary to address new IRIS design 
features and components, including: 

• Integral Reactor Coolant System 
• Passive Safety Features specific to IRIS 
• Reactor Vessel and Containment Interaction  
To ensure adequacy of testing, IRIS test plan has been formulated in compliance with the 

NRC requirements of 10 CFR 52.47 and is a key part in the Evaluation Model Development 
and Assessment Procedure (EMDAP).  The basic principles of evaluation model development 
and assessment that constitute an EMDAP are not discussed here in detail, but this plan has 
been developed utilizing the IRIS Small Break LOCA PIRT (Phenomena Identification and 
Ranking Table), discussed in [14] for guidance.  

The tests have been divided into three types according to their scope and primary purpose: 
• Basic Engineering Development Tests.  The basic engineering development tests are 

experimental in nature and are used to provide engineering guidance or detailed 
information on specific components being studied.  These tests are used to determine the 
feasibility of an engineering concept or verify the design of a particular component before 
proceeding to a larger-scale test, or a full scale prototype component development 
program.  Generally, these engineering tests focus on materials and mechanical 
investigations.   

• Component Separate Effects Tests.  Component separate effects tests are performed to 
provide specific information on the design, fabrication, and operation of large scale or 
prototype components.   In these tests, the boundary conditions for the individual 
component are controlled to provide the range of conditions expected to be experienced 
by that component, to investigate separate phenomena associated with this specific 
component. 

• Integral Effects Tests.  The integral tests examine the integrated performance of 
components through simulation of all important structures and interconnecting systems, 
components, and piping to provide thermal-hydraulic data for computer code validation.  
Data from these tests will provide verification that the interaction of the individual 
components and systems that comprise the plants overall response is correct; and that the 
computer code models satisfactorily predict the appropriate individual component, 
system, and overall plant response. Besides providing confirmation of the key aspects of 
the IRIS safety-by-design™ approach, the integral effects tests provide data for the 
EMDAP to verify and validate the computer models used in the safety analysis.  
Therefore these tests are required for the NRC review and approval of the safety analysis 
and for plant certification. 
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The testing program started in 2006. A detailed design of testing facilities and definition 
of the testing matrix is underway. A large part of the safety related tests, and in particular the 
integral system test will be conducted in Italy, at SIET, at the same facilities where testing of 
the passive systems for AP600 was conducted in the 1990’s. Several IRIS test facilities are 
shown in Fig. 3. 

 

Prototypic bundle, developed 
originally for a 20 MW thermal 
reactor and of the same diameter 
as the IRIS Steam Generator, was 
fabricated and tested 

IETI (SIET Italy) Facility
Thermal-Fluid-Dynamics 
experiments on a full-scale 
helical-coil tube of the IRIS 
Reactor Steam Generator

SPES-3 at SIET (Piacenza, Italy) 
will be used to demonstrate 
IRIS integrated system 
performance and to support 
design approval (AP1000 
testing was performed at SIET)  

 

Figure 3: IRIS test facilities 

6 REPRESENTATIVE STUDY OF INTEGRATING IRIS  
INTO A SMALLER-SIZE GRID 

A study was performed to evaluate potential for introducing power plants employing 
IRIS into the Croatian electric grid. The results, which may be regarded as representative for 
smaller-grid markets, were presented at the 7th HO CIGRE meeting[15], and a summary is 
provided below. 

The overall Croatian electric grid system was considered with the current installed 
capacity of about 4 GWe. The projection of the demand growth was combined with the plans 
for modernization or retirement of older plans thus identifying need for another 3 GWe by 
2030. The grid size suggests that the optimum single plant size should not exceed several 
hundred MWe. Kyoto obligations were also taken into account.  

Several scenarios were considered, with or without deployment of NPPs, and with a 
range of assumptions regarding the availability of fossil fuel, in particular natural gas:  

 
• Option 1 – no limitations on natural gas, nuclear option available after 2012. 
• Option 2 – new natural gas capacity limited to 900 MW, nuclear option available after 

2012. 
• Option 3 - new natural gas capacity limited to 900 MW, no new nuclear power plants. 
• Option 4 - new natural gas capacity limited to 1700 MW, no new nuclear power plants. 
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In the options where introduction of NPPs was considered, system optimization led to 
about 40% of the new power plants and about 60% of the new installed capacity being 
provided by nuclear power plants. Typically, a new IRIS module was introduced each 3-5 
years starting in the next decade.  

Results are summarized in Table 5 and indicate that cost considerations favor 
introduction of NPPs. While the uncertainty in this estimate is relatively high, and the 
predicted saving of about 0.5 billion dollars has relatively large uncertainty, it seems fairly 
certain that the options with NPPs cost less than or similar to the options without NPPs.  

Table 5: Summary of the Four Options with Respect to Cost and Emissions 

 With NPPs Without NPPs 
Total Option 1 Option 2 Option 3 Option 4 
Program cost (109 USD) 6.73 6.76 7.23 7.16
CO2 (t) 100,501,936 99,350,393 224,212,156 204,921,212
CO2 average (t/god) 3,865,459 3,821,169 8,623,544 7,881,585
SOX (t) 186,843 186,686 1,068,292 840,181
NOX (t) 194,824 193,455 399,747 381,042
Particulates (t) 26,356 26,331 44,267 40,431

 
Moreover, the only way in which Croatia’s Kyoto obligations may be met is by 

introducing NPPs. The limit resulting from the application of the Kyoto protocol is 
conservatively estimated to about 3,600,000 tCO2/yr. The current level of emission of over 
6,000,000 tCO2/yr is not sustainable, and both options 3 and 4 (without NPPs) further worsen 
the situation, while the options 1 and 2 enable meeting the obligation toward the end of the 
next decade. 

7 CONCLUSION 

IRIS is an advanced integral LWR of smaller power (335 MWe), with a potential for 
worldwide deployment to satisfy growing energy needs in line with the Global Nuclear 
Energy Partnership (GNEP) initiative. Its smaller grid-appropriate size and moderate 
financing requirements make it technically and economically attractive for smaller grids and 
markets. Possibility for multinational licensing, its overall characteristics, and suitability for 
co-generation applications (water desalination, district heating) make it an ideal candidate to 
consider within the energy sources needed to satisfy long-term energy needs of smaller 
countries. A major testing program was initiated in 2006 to support its licensing and enable its 
timely worldwide deployment.  

REFERENCES 

[1] M.D. Carelli, “IRIS: A Global Approach to Nuclear Power Renaissance,” Nuclear News, 
46, No. 10 (Sep. 2003), pp. 32-42.  

[2] B. Petrović, M.D. Carelli, “IRIS Project Update: Status of the Design and Licensing 
Activities,” Proc. 5th Intl. Conf. on Nuclear Option in Countries with Small and Medium 
Electricity Grids, Dubrovnik, Croatia, May 16-20, 2004. 

[3] M.D. Carelli, B. Petrović, N. Čavlina, D. Grgić “IRIS (International Reactor Innovative 
and Secure) – Design Overview and Deployment Prospects,” Proc. Intl. Conf. Nuclear 
Energy for New Europe 2005 (NENE 2005), Bled, Slovenia, September 5-8, 2005. 



408.13 

Proceedings of the International Conference Nuclear Energy for New Europe, 2006 

[4] M.D. Carelli, B. Petrović, “Here’s Looking at IRIS,” Nuclear Engineering International, 
Vol 51. No 620. March 2006. pp. 12-18. 

[5] M.D. Carelli et al., “The Design and Safety Features of the IRIS Reactor,” Nucl. Eng. 
Design, 230, (2004), pp. 151-167.  

[6] Website http://www.gnep.energy.gov . 

[7] M.D. Carelli et al., ”The IRIS Consortium: International Cooperation in Advanced 
Reactor Development,” Proc. 13th International Conference on Nuclear Engineering 
(ICONE-13), Beijing, China, May 16-20, 2005, Paper ICONE13-50799.  

[8] M.D. Carelli, B. Petrović, M. Ricotti, N. Todreas, N. Čavlina, F. Oriolo, H. Ninokata, 
”Role of Universities in the Development of IRIS,” Proc. International Youth Nuclear 
Congress (IYNC 2006), Stockholm, Sweden, June 18-23, 2006, Paper 137.  

[9] M.D. Carelli, B. Petrović, P. Ferroni, ”IRIS Safety-by-Design™ and Its Implication to 
Lessen Emergency Planning Requirements,” to be published in Intl. Journal of Risk 
Assessment and Management (2006).  

[10] B. Petrović, F. Franceschini, “Fuel Management Approach in IRIS Reactor”, 
Proceedings LAS-ANS Intl. Conf., Cancun, Mexico, July 11-16, 2004. 

[11] B. Petrović, F. Franceschini, “Fuel Management Options in IRIS Reactor for the 
Extended Cycle”, Proceedings of the 5th Intl. Conf. on Nuclear Option in Countries with 
Small and Medium Electricity Grids, Dubrovnik, Croatia, May 16-20, 2004. 

[12] J.W. Williams, “A Multinational Design Approval Program”, Proceedings of ICAPP ’06, 
Reno, NV, June 4-8, 2006. 

[13] K. Miller, IRIS – Economics Review, Proc. 13th International Conference on Nuclear 
Engineering (ICONE-13), Beijing, China, May 16-20, 2005.  

[14] T.K. Larson, F.J. Moody, G.E. Wilson, W.L. Brown, C. Frepoli, J. Hartz, B.G. Woods, 
L. Oriani, “IRIS Small Break LOCA Phenomena Identification and Ranking Table 
(PIRT),” Proc. Intl. Congress on Advances in Nuclear Power Plants 2005 (ICAPP ’05), 
Seoul, Korea, May 15-19, 2005, Paper 5201. 

[15] N. Čavlina, D. Grgić, Ž. Tomšić, B. Petrović, M. Carelli, “IRIS – An Advanced Medium-
Power Nuclear Reactor with Enhanced Safety and Economics”, Proc. 7th HO CIGRE 
Meeting, Cavtat, Croatia, Nov. 6-10, 2005, paper C1-10. 


